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Course Description

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

navigating these key decisions.



Learning Objectives

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

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

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

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

renovations.



Glue Laminated Timber (Glulam) Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)

Beams & columns Solid sawn laminations SCL laminations

Photo: Freres Lumber
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Dowel-Laminated Timber (DLT) Nail-Laminated Timber (NLT) Glue-Laminated Timber (GLT)

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft
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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 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:

e . . NSEi s o= 1/
1. Building size & occupancy informs =5 »,t::_ e q:ﬁ,it‘

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...
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Key Early Design Decisions

Construction Type — Primarily based on building size & occupancy

Construction Type (All Sprinklered Values)

IV-A IV-B IV-C IV-HT l-A li-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

Sy <}

| 1 &=

For low- to mid-rise mass timber buildings, there may be
multiple options for construction type. There are pros and
cons of each don’t assume that one type is always best.

Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)

A-2, A-3, A-4 | 135,000 90,000 56,250 45,000 42,000 28,500 34,500 18,000
B 324,000 | 216,000 135,000 108,000 85,500 57,000 54,000 27,000
R-2 184,500 | 123,000 76,875 61,500 72,000 48,000 36,000 21,000




Key Early Design Decisions

Fire-Resistance Ratings
* Driven primarily by construction type
 Rating achieved through timber alone or non-com protection

required?
TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS [(HOURS)
BUILDING ELEMENT TYPEI TYPEI TYPE Il TYPE IV TYPE WV
A B A B A B A B C HT A B
Primary structural frame® (see Section 202) S b I L I L I S L 1 3 > 2 HT 1= | 0
Bearing walls
Exterior* 3 2 0 2 2 3 2 2 2 0
Interior ¥ » 0 1 0 3 2 2 1/HT® 0
Nnnbea:mg walls and parlitim:u; See Table 705.5
Exterior
Nonbearing walls and partiti See
pmtiie oo | o|of o|o0o| 0| 0| 0] Seton| 0|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 1,6 b b c b b
shructural bers (see Section 202) A | 1 0 1 0 1 1 1 HT 1 0




Key Early Design Decisions

Flre-ReS|stance Ratings (FRR)

Thinner panels (i.e. 3-ply) generally difficult to achieve a 1+ hour
FRR

 5-ply CLT / 2x6 NLT & DLT panels can usually achieve a 1- or 2-
hour FRR

« Construction Type | FRR | Member Size | Grid (or re-arrange that
process but follow how one impacts the others)

Panel Example Floor Span Ranges
3-ply CLT (4-1/8" thick) Upto 12 ft
S5-ply CLT (6-7/8" thick) 14to 17 ft
7-ply CLT (9-5/8") 17to 21 ft
2x4 NLT Upto 12 ft
2x6 NLT 10to 17 ft
2x8 NLT 1l4to21ft
5" MPP 10to 15 ft




Construction Types

When does the code allow mass
timber to be used?

IBC defines mass timber systems in
IBC Chapter 2 and notes their
acceptance and manufacturing
standards in IBC Chapter 23

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

I BC‘.(
A Mambar of the Nermational Code Famdy

INTERNATIONAL
BUILDING CODE"




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 lll 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)




Mass Timber Construction Types

Type V Type Il & IV-HT Type Il & IV-HT Type Il & IV-HT
4 Stories 5 Stories 5 Stories + 5 Stories +
Mezz. Mezz. + Podium



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

Office

fscambly o Hesned NFPA 13 Sprinkler
Office
— 180 ft
Mercantile Assembly < oy
(12 stories) — Residential —| g (12 stories)
Office 2
Mercantile (9 stories) —|
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C




Original CLT depth

Credit: David Barber, ARUP




Key Early Design Decisions

Construction type influences FRR

TRDLE DUl

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS
TYPE IV
c

BUILDING ELEMENT
~i

Primary strmctural frame’ (see Section 202)

Bearing walls
Fxterior:? 3 2 1 i
Interior 3 iy | {
Nonbearing walls and partitions
Extenor
Nonbeanne walls and 1tons See
: s o |l o | ol o Saition
2304.11.2

Interior?

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

Roof construction and associated secondary )
structural members (see Section 202) '
Source: 2021 IBC




Key Early Design Decisions

Amorican Wood Councll

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

INTERNATIONAL

BUILDING CODE



Key Early Design Decisions

Which Method of Demonstrating FRR of MT is Being Used?
1. Calculations in Accordance with IBC 722 —> NDS Chapter 16

2. Tests in Accordance with ASTM E119

Credit: Urban One
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Unexposed surface

—-| NA.

Char zone

Solid wood with
full strength

Fire exposed surface



Code Path for Exposed Wood Fire-Resistance Calculations

F R R D es i g n Of M T :\ﬁ:t:oodi.?or determining fire resistance

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

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

Alternate protection methods as allowed by 104.11

IBC 722
Calculated Fire Resistance

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

NDS

National Design Spacification” for Wood Constraction g NDS Chapter 16

015 EDITION
INTERNATIONAL Fire Design of Wood Members

BUILDING CODE" H S ]
¢ Limited to calculating fire resistance up to 2 hours

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

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

0




FRR Design of MT

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

FIRE DESIGN
OF WOOD
MEMBERS

161 Geaeral
162 Design Procedares for Expesed
Wead Members

National Design Specification” for Wood Construction
2015 EDITION 4

163 Weod Coanections 151

Thicknewien (fue ), = 15 Im0e) o 150
Tobde 33 -

Table 16.2.1B Effective Char Depths (for CLT
with pr,=1.5in./hr.)

Required Effective Char Depths, a...,
Fire (in.)

Endurance lamination thicknesses, huw (in.)
(hr.)

58 |34 ) W8 |1 |1-1/4] 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 (22 21 (20) 2.0 | 19 18 | 1.8 | 18
14-Hour 34 (32 31 (3029 | 28 | 28 | 28 | 26
2-Hour 44 |1 43| 41 |40 39 | 38 | 36 | 36 | 3.6

Credit: FPInnovations



FRR Design of MT

Table 16.2.1A Char Depth and Effective Char

Nominal char rate of 1.5”/HR is Depth (for }» = 1.5 in./hr.)
recognized in NDS. Effective char Char Effective Char
depth calculated to account for RS e | ReRi Depth;
. ] . esistance Achar Aqr
duration, structural reduction in (hr.) (in.) (in.)
|-Hour 15 1.8
heat-affected zone e - e
2-Hour 2.6 32

Table 16.2.1B Effective Char Depths (for CLT

with $,=1.5in./hr.)
Required Effective Char Depths, a4,
Fire (in.)
Endurance lamination thicknesses, hiw (in.)
(br.) S5/ | 34| 7T/8 | 1 |1-1/4]| 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 (22| 21 |20]| 20 1.9 1.8 | 1.8 | 1.8
1%-Hour 34 |32 31 |30 29| 28 | 28 | 28 | 26
2-Hour 44 (43| 41 (40| 39 | 38 | 36 | 36 | 36




FRR Design of MT

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

TN

i ia$
! ' Fire Testing s

——— ACCREDITED

NGC Laboratory Tostheg Laboratory Intertek annovation@
NC-CNC

TEST REPORT Page 10! 53 Project No. 301006155
for Final Report 201213
- REPORT NUMBER: 1028912565AT-001
American Wood Council ORIGINAL ISSUE DATE: February 27, 2017

REVISED DATE: N/A

222 Catoctin Circle SE, Suite 201
Leesburg, VA 20175

Standard Methods of
Fire Tests of Bullding Construction and Materials

ASTME 118~ 11a

EVALUATION CENTER
160156 Shady Falls Road
Elmendor, TX TE112
Phone: (210) 635-8100
Fawx: (210) G35-8101

i " m e dnbsrtelk i Preliminary CLT Fire Resistance Testing Report
est Repon No. WP.1050 m
Assgnment No.  K-1088
" RENDERED TO
Sutjoct Matarial: Cross-Laminated Timber and Gypsum Board Wall Assembly (Load Bearng m by
Tost Deta Ociober 4, 2012 Structurlam Products LP Lindsay Osbome, M.A Sc
RecodDete:  Ockaber 15, 2072 2176 Government Street Christian Dagenais, Eng., M.Sc
Penticton, BC VZA 3B5 Scientists
Canada Advanced Building Systems — Serviceability and Fire Group
Prepared by, LS \} € w
Michas! J, Ridag”
Test Enginser . and
5 PRODUCT EVALUATED: CrossLam” CLT Un-restrained Load-Bearing
A7 A o~ Floor'Coding Assembly Noureddine Bénichou, Ph.D
Roviewsd by: _ " // P EVALUATION PROPERTY: Fire Resistanco Sensor Rescarch Officer

Robedt J. Merchee National Rescarch Council of Canads - Fire Research Resource Centre

Divecior, Laborptory Facilties and Testing Services

ity reporied I s document apph
BesITad Kr pRIm
e T T

PACAC LA B LIRS L Ve S

o 0 meten approvel ¢f e ibossay Report of Testing a CressLam” CLT Un-restrained Load-Bearing July 2012
Tha larmion/s et gt 18 2 may Ccriuti e ingten peodct oot eppeosel o Floor/Celling Assembly for compliance with the applicable
P T requirements of the following criteria: ASTM E119-16a, Standard

Test Methods for Fire Tests of Bullding Construction and

Aladncdads wwad AT A Sdfid Cicmdecd Meoibhods af e PRy -~ -




FRR Design of MT
WoodWorks Inventory of Fire Tested MT Assemblies

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

£y WoodWorks™

I e A

Tons il s Vi

LR ¥ I -

WOOD PRODUCTS COUNCIL
CLT Grade Pancl Connection in Fire Resistan oe
CLY Pand Manu factu rer Cdling Protection Floor T " Load Ratin Source Testing Lab
or Major x Minor Grade ing Test opping % Achieved (Hours) s
3ply CLY SPF 1650 Fb | SEMSR N . ) ‘ Reduced o
(Hdom 4 458 in) Nealic x SPF 3 2impes 127 Type X gypmem Halllap Neae 36% Moment Capaciry ! | Tt 1) NRC Fire Li“"'u‘")
Soly CLY . . . R Reducaed y
y S S 2 xS 2 L ¢) . ! ¢ s ), )
(105 4.133 i) trecturiam PFel 2 xSPFoL 1 layer Type Xgypsum Half-Lap None 75% Moment Capacity 1 | (Test $) NRC Fire Laboratory
SplyCLY Loaded, NRC Fire Laboratory
S Nowdic £l None Topside Spline 2 staggeved layers of 1 /2° cement boards 2 2 R
(175mm6 575°) Sev Manufacterce March 2016
. 1 layerof $/87 Type Xgypsum under Z- R F .
Sply CLY ) y ) c 2 ) ) - Loaded, " NRC Fire Laboratory
(17Smm6 £75%) Noed ic 8] :hnnfhan::un:nu‘inr-uul IS Topside Spline 2 staggoved layers of 1/72° cement boands St AsaniGoiome 2 ] Nov 2014
SelyCLY . : y 3 dis proprictary gypostc over Maxxon Roduced -
>y ; k1 None T de Spline 1.5 3 J
75mmé A75%) Nordic e btk Lng Ao ust ical ma $0% Momant Capactiy UL
Sly CLY o - . 3 din proprctary gypente over Maxxon Reduced o
1 11 S/’% al T e Spl 2 4 L
(175mmé £75%) Nordic 4 b el E e b aoustical mat or proprictary sound board S0% Moment Cspactiy ut
z 1 hyer S5 Type X Gyp wnder Resilicnt Chamel
SolyCLY Nordic £l mder 775" | Joits with 1 12 Mineral Wool Half-Lap None _ Loaded 3 21 Intertek
(175mm6 £75%) Sowoin Iata Soe Manufacterer £24/2012
Soly OUY EIMS 1-172* Maxxon Cyp-Grete 2000 ov or Maxxon Loaded
) St None . ? 25 6 , 212212
(175mm6 £75%) M- MSR 2100 x SPF#2 N Fepeiledpliae Reinforcing Mesh Soe Munufactuter Intertck, 016
Sply CLY ) HalfLap & . Loaded, N ;
(17 5mm6 575*) DR Johnson vi None Topside Spline 2* gypsumtopping B M fhictoms 2 ? SwRI(May 2016)
Sply OLT SPF 1950 Fb MSR : Red aced :
(175mm 6 475%) Newllo % SPF 3 Hne e tone S9n Moment Capacity 13 1 @) NRC Fire Laboratory
Soly QLT g - 5 2 Unrodu ced g
(17 $mm 6 575%) Strecturlam SPF #1982 x SPF 81 /%2 1 layer S/5" Type Xgypsam Half-Lap None 161% Moment Capacity 2 1 (Test 6) NRC Fire Laboratory
Tply OLY . e A Uneodu cod . -
S . lis $ 7 IRC '
Q45mm 9557) Strecturlam SPF #1 /%2 x SPF 21 /92 None Hall-Lap None 101% Moment Capacity 2. 1 (Test 7) NRC Fire Laboratory
SplyCLY : - : 25 Loaded, % . Western Fire Center
(17$mmé £75%) Senatl s SL-vVa None Half-Lap sonsnal 12 plywood with Kd nails See Msnufacteses 2 12(Tent 4) 100262016
2 g o Senan] s vi None Half-Lsp sominal 172° plywood with $4 nails T, 2 12 (Test §) Westem Fire Conter
(175mmé 575%) 2 Soe Manufact erer 10/:282016
Sply CLY ) ) - Loaded, . " Western Fire Center
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FRR Design of MT

£g) WoodWorks™

WOOD PRODUCTS COUNCIL

Fire-Resistive Design

of Mass Timber Members

Code Applications, Construction Types and Fire Ratings

RATarg MoLam PE, SE » Seor TectniC DIRcEr » WoodVons
SCONBNORINT PO, PE SE o Ser TROIricH DI o WEOAWeS

For many yoars, 0xposad heavy timbar framing olemants
have been peemitted n U.S. buiidings cue to thelr inherent
fire-resistance properties. The pradictatiity of wood's char
rato has been wellgstablished for docades and has long been
recogned in bullding codes and standards.

Today, one of the axciting trands in building design is the
growing wse of mass timber—i.0., ke sokd wood pandl
products such as cross-laminated timbor (CLT) and nail-
laminated timber INLT)—for floor, wall and roof construction
Lika heavy timbar, mass timber products have inherent
fire resistance that alows them to be %t exposed and stil
achave a fire-resistance rating. Because of thakr strangth
and dimansional stabiity. thess products also offar 3 low-
carbon 10 $%0¢l, and masonry for many
18, It is this cor of d structure and

gth that lopers and designers across the country

10 WVOraging 10 Create INNOVative dosigns with a wam
yet modarn . oftan for projects that go bayond
tradtional norms of wood design.

This paper has boen written % suppert architects and
anginoers exploring the use of mass tmber for commarcial
and multi-famiy constructon It focuses on how to meet
firo-rosi Quiremants in the | ional Building
Code (IBC), ncluding calcuiation and tosting-based mathods.
Unless otherwise noted, references refer to the 2018 IBC.

Mass Timber & Construction Type
Bafore demonstrating fire ratings of axp

mass timber elemants, it's important to understand under
whiat creumstances tha code currently alows the usa of
mass timber in commaraal and multi-family corstruction.

A buliling’s assigned constructon type Is

the main indicator of whees and when 2l
wood systame can be used. |BC Section 602
cofines ive man options (Type | through V)
with all but Type IV having subcategorias A
and B, Typos Il and V permit the use of wood
framing throughout much of the structure and
both are used extensively for modem mass
timbar buildings

Type INI{IBC 602.3) - Timbar aloments can
ba used in floors, roofs and ntenor walls.
Fire-ratardart-reated wood (FRTW) framing
is permitted in extonor walls with 2 fira-
resistance rating of 2 hours or less.

Type V (IBC 602.5) - Timber alements can
bo used throughout the structure, including
foors, roofs and both intenor and extanor
walls,

Type IV OBC 602 4) - Cormnmanly raferrad to
38 "Hoavy Timber' constructon, this option

Mass Timber Fire Design Resource

Code compliance options for
demonstrating FRR
Free download at woodworks.org
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Structural Grid

Grids & Spans

* Consider Efficient
Layouts

* Repetition & Scale

 Manufacturer Panel
Sizing

* Transportation
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Structural Grid

Member Sizes

* Impact of Sizing on Efficient Spans

0 HR FRR: Consider 3-ply Panel

« Efficient Spans of 10-12 ft

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

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

Image: Lever Architecture




Structural Grid

Member Sizes

* Impact of Sizing on Efficient Spans

0 HR FRR: Consider 3-ply Panel

« Efficient Spans of 10-12 ft

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

3-ply CLT . &%




Structural Grid

Member Sizes

* Impact of Sizing on Efficient Spans

1 or 2 HR FRR: Likely 5-ply Panel

« Efficient spans of 14-17 ft

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

First Tech Credit Union, Hillsboro, OR ===
12x32 Grid, One-Way Beams [
5-ply (6.57) CLT
Image: Swinerton =



Structural Grid

Member Sizes

* Impact of Sizing on Efficient Spans

1 or 2 HR FRR: Likely 5-ply Panel

« Efficient spans of 14-17 ft

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

.
| 2x6 NL_T -
Image: Mackenzie



Key Early Design Decisions

Why so much focus on panel thickness?

.“0‘ K




Key Early Design Decisions

Typical MT Package Costs

= Project Overhead
m Labor
= Material

m Equipment

Source: Swinerton



Key Early Design Decisions

= Project Overhead

m Equipment

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



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Type llIA option 1
1-hr FRR

Purlin: 5.5"x28.5”
Girder: 8.75"x33”
Column: 10.5"x10.75”
Floor panel: 5-ply

Glulam volume = 118 CF (22% of MT)
CLT volume =430 CF (78% of MT)
Total volume = 0.73 CF / SF

Source: Fast + Epp, Timber Bay Design Tool



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Type llIA option 2
1-hr FRR

Purlin: 5.5"°x24”"
Girder: 8.75"x33”
Column: 10.5"x10.75”
Floor panel: 5-ply

Glulam volume = 123 CF (22% of MT)
CLT volume =430 CF (78% of MT)
Total volume = 0.74 CF / SF

Source: Fast + Epp, Timber Bay Design Tool

Cost considerations: One additional beam (one additional erection pick), 2 more connections



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Source: Fast + Epp, Timber Bay Design Tool

Type IV-HT

0-hr FRR (min sizes per IBC)

Purlin: 5.5"x24" (IBC min = 5"x10.5")

Girder: 8.75"x33” (IBC min = 5’x10.5”)
Column: 10.5"x10.75” (IBC min = 6.75"x8.25")
Floor panel: 3-ply (IBC min =4” CLT)

Glulam volume = 120 CF (32% of MT)
CLT volume = 258 CF (68% of MT)
Total volume = 0.51 CF / SF



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Q&\‘(\/” ‘Q 0-hr FRR (min sizes per IBC)
2~ / Purlin: 5.5"x24” (IBC min = 5’x10.5”)
Y Note that if size of bmldlng had permitted Type IIIB, member

‘ sizing would essentially be the same as IV-HT. But there are 25’

other nuances between Ill and IV, we’ll cover that later...

Glulam volume = 120 CF (32% of MT)
CLT volume = 258 CF (68% of MT)
Total volume = 0.51 CF / SF

Source: Fast + Epp, Timber Bay Design Tool



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Type IV-C

2-hr FRR

Purlin: 8.75"x28.5"
Girder: 10.75°x33"
Column: 13.5"x21.5”
Floor panel: 5-ply

Glulam volume = 183 CF (30% of MT)
CLT volume =430 CF (70% of MT)
Total volume = 0.82 CF / SF

Source: Fast + Epp, Timber Bay Design Tool



Key Early Design Decisions

Which is the most efficient option?

Timber Volume Podium on 1st
Ratio Floor?

IIIA— Option 1 0.73 CF /SF Yes
IIIA— Option 2 0.74 CF /SF Yes
IV-HT 0.51 CF / SF Yes
IV-C 0.82 CF / SF No

A general rule of thumb for efficient mass
timber fiber volume is no higher than 0.75
CF per SF. Ratios in the 0.85t0 1.0 CF /

Source: Fast + Epp, Timber Bay Design Tool SF range tend to become cost prohibitive




Key Early Design Decisions

Which is the most efficient option?

Timber Volume Podium on 1st
Ratio Floor?
IlIA— Option1 0.73 CF/SF Yes

There are }other |mpacts of construction type selection
(exterlor waIIs concealed spaces) that should be considered

1v-u U.0ZL LIr/ or INO

A general rule of thumb for efficient mass
timber fiber volume is no higher than 0.75
CF per SF. Ratios in the 0.85t0 1.0 CF /

Source: Fast + Epp, Timber Bay Design Tool SF range tend to become cost prohibitive
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Lateral System Choices
Concrete Shearwalls
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Lateral System Choices

Connections to concrete core
« Tolerances & adjustability
* Drag/collector forces
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Lateral System Choices
Steel Braced Frame
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Lateral System Choices

Connections to steel frame

« Tolerances & adjustability

« Consider temperature fluctuations
« Ease of installation
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Lateral System Choices
Wood-Frame Shearwalls

/

Credit: KL&ASEngingers & Builders




Lateral System Choices

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

 Limited to 65 ft shearwall height, 85 ft overall building height
(Type llIA construction)
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Lateral System Cho
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Lateral System Choices
Timber Braced Frame




Lateral System Choices

Prescriptive Code Compliance

Concrete Shearwalls v :
Steel Braced Frames v Photo: WoodWorks
Light Wood-Frame Shearwalls / . N
2021 SDPW e\
CLT Shearwalls > ‘*'ar
ASCE 7-22 = i

CLT Rocking Walls
Timber Braced Frames

Minimum Design Loads and

Assoclated Criteria for
Bulldings and Other Structures
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MEP Layout & Integration

Set Realistic Owner Expectations About Aesthetics
 MEP fully exposed with MT structure, or limited exposure?




MEP Layout & Integration

Smaller grid bays at central core (more head height)
 Main MEP trunk lines around core, smaller branches in exterior bays

Credit: Blaine Brownell Credit: WoodWorks



MEP Layout & Integration

Dropped below MT framing

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

Credit: Alex Schreyer



MEP Layout & Integration

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

Credit: SOM Timber Tower Report



MEP Layout & Integration

In penetrations through MT framing
* Requires more coordination (penetrations)
« Bigger impact on structural capacity of penetrated members

* Minimal impact on head height
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MEP Layout & Integration

In chases above beams and below panels

 Fewer penetrations

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

Credit: KL&A Engineers & Builderg




MEP Layout & Integration

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

Credit: Ema Pete—r/MGA



MEP Layout & Integration

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

Credit: Global IFS



MEP Layout & Integration

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

Limitations on what can be placed (thickness of topping slab
* No opportunity for renovations later
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Acoustics & Sound Control




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

_Wi | | -

Airborne
sound

source (\ Transmission
— » through wall

/

\\ o

Separating assembly




Acoustics & Sound Control

Structure-borne sound:
Impact Insulation Class (lIC)

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

* Only applies to floor/ceiling assemblies




Acoustics & Sound Control

Code requirements only address residential occupancies:

For unit to unit or unit to public or service areas: IBC

Min. STC of 50 (45 if field tested): NTERNATIONAL
« Walls, Partitions, and Floor/Ceiling Assemblies

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

ASS
ARN
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Acoustics & Sound Control

MT: Structure Often is Finish




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
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
&
S LTl 4-1/4" with 3/4" plywood 29 with 3/4" plywood g
5-1/2" bare NLT 22 bare NLT
G
R 1T v 6-1/4" with 3/4" plywood 31 with 3/4" plywood A
2x6 NLT floor + 1/2" plywood? 6" with 1/2" plywood 34 33

Source: Inventory of Acoustically-Tested Mass Timber Assemblies, WoodWorks”



Acoustics & Sound Control

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

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

Image credit: €hristian Columbres; |¢ A\




Acoustics & Sound Control

Mass timber has relatively low “mass”
Recall the three ways to increase acoustical performance:

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




Acoustics & Sound Control

Concrete Slab: CLT Slab:

6" Thick 6-7/8" Thick



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

g WoodWorks

WOOD PRODUCTS COUNCIL

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

Bt Melaw PE. IE » Seonty Tochwa of Drocey * MooiiVass

The growng avalabiity snd code scospiance of mass
bmber— e large sold wood parel products such as cross
lamnated trmber ICLT) and nal-lamrated trmber INLT)

for Boor, Wl and 100! CONSTLE LN Pas Qiven desgnen &

low cathon altorm 0 10 stael, cancrote, and mesoery for

many apphcatons. However e use of mass tmber n

by &

crallerges

rudn-4

ATOUS!

COMIMEIod DUIINGS prasents ungue

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

VWil laborstory masurements of the mpect and artoens
sound sdaton of tradtional buldng assembles such as
Iight wood-frame. steo and corcrets are wide'y Tvedable,
fewer losources et thet quantly e acousta perio

]

of mass trnbet assembles. Ade
CASro0 25DeCts Of MaSS MYDer CONSIUCEON IS the DAty 10
posed as fnsh, which creses

tonaly, one of the most

I & by
the need for asyrmymetnc assembiles. Weh careful desgn
and detaling, mass imber buidngs can meot the acoussc

0's StuCtire

parfommce expectatans of mast buidng types

riGuReE 2
Ingeror CLT partaon wall with chase wala 0n Both sdes

Example Mass Timber Wal Assembly STC 58
Man doe

W Gyprare walbasrd
23 wats @ W at e

oty CLT ool &1/ ek

215 Mnoca wos! Batt madation

Sewrer US CLT Marwtined

MASS-TI

Mass Timber Assembly Options: Walls

Mass timber panels can also be used for ntenor and extenor
wals—both beanng and non-beanng. For itenar wals, the
meed %o conceal servces such as electncal and pumbing

s an added consderaton. Conmynaon approaches nckude
buiang a chase wal n front of the mass smber wall or
nstalng gypsum walboard on rosdent channels that ace
attached 10 the mass trmber wall As with baro mass tmber
floor panels, bare mass Smber wals don't typeally provde
adequate nose contrgl, and chase walls also functon as
acoustcal imgroverments, For example, a 3-piy CLT wal pare
with & thekrwss of 307" has an STC stng of 334 In comrast

Fgum 3 shows an interer CLT parttion wall wih chase walls
h sdos. Ths assembly achives an STC matng of 58
drg e 1BC's scaustical mguareements for mutilaerdy

on o

v OPvir mamps ae mcluded n the srvenioey
ol assamtles rosed atowe

Acoustical Differences between
Mass Timber Panel Options

The mapety of acous toaly tested mass tmber assemtios
nchede CLT. However, 10sts have also been done yiher
mass trmber panel optons such as NLY and dowel amnated
trrdbor (DLT L as wel as tradtonal hoavy timber options such
as tongue and groowe deckng. Most tests have contiuded
that CLY acoustical padormance s sightly better than that

of other mass tmber options, Jgely DECas 0 the CIoss.
crwrtaton o lamnatons na CLT panel leruts sound flanking

For those intorestod in comparing semular assembles

and mass tember panel types and theknesses, the mventory
noted above contans testod assembles wsing CLT, NLT
gued-amnated tmber panels (GLY), and 1ongue and
goove deckng

Improving Performance

by Minimizing Flanking

Even whan the sssembles n a buldng s cansluly

des gned and rataled for hgh acousticel perfomance,
consdration of flankng paths —n areas such as assembly
NWeLtom, besm-1o-colimninall connectons, and MEP
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TACLoN Solon and sealat

conmmetonm whie g
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decousplen. With artight
conmectiomn, merfaces snd
peetrston, there 5 a much
greater chance that the acoustic
porformance of a mass Smber
budng wil meet expectabons
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http://www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf

Acoustics & Sound Control

o+

Inventory of Tested Assemblies

Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed

.f'[j WoodWorks

WODD PRODLUE

Finksh Flaas if Applicabde

Concrate/ Gy psurn Topping —

Acoustical Mat Product

CLT Panel

Ho direct applied ar hung ceiling

LT ET T T T T 1 T T T T JT1 T8 TR T T JTT TT BT TT JTT JTT JTT JTJ TJ1 TT TT

CLT Panel | ConcretefGypsum Acoustical Mat Product Between CLT and Topping Finish Floor STC! nc Source
Topping
MNone A47F ASTC AT AT
LNT - A9 A|IC
. Carpet + Pad - 752 AllC
Mawean Acousti-Mat® 3/4 LVT on Acousti-Top® - 522 AlIC
1-1/2" Gyp-Crete™ Eng Wood on Acgusti- 2 AllC 1
Top® - S1° Al
MNone 495 ASTC 455 AIC
Mamxon Acousti-Mat® % Premium VT - 47 AlIC
LVT on Acousti-Top® - 492 AllC
Mone 458 395 15
VT 48¢ 478 16
CLT 5-ply VT Plus 488 446 58
(6.875") LISG SAM N25 Liltra | Eng Wood 475 47" 59
Carpet + Pad 458 67" &0
Ceramic Tile 50¢ 46" 61
Mone 458 428 15
1.1 | avalracrk® 1T Ags AAb 16




Questions? ‘N

WOODWORKS

Archie Landreman

Archie@woodworks.org

262.497.5550

Ricky Mclain, PE, SE

Ricky.mclain@woodworks.org

802.498.3310

David Hanley

David.Hanley@woodworks.org

303.570.8293

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