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Q. podium

Using Podiums in Tall Wood Buildings
Common in light-frame wood construction, podiums

are a viable, code-compliant option for tall mass
timber buildings under the 2021 IBC.

Expert Tips

5-over-2 Podium Design: Part 2 -
Diaphragm and Shear Wall Flexibility

First published in Structure, Part 2 of this article

covers flexibility issues associated with 5-over-2
structures and how they can affect the design process.

Solution Papers

Design Why
Awards

Wood? About

5-over-2 Podium Design: Part 1 - Path to
Code Acceptance

First published in Structure, Part 1 of this two-part
article covers design considerations and traditional
approaches to 5-over-2 projects.

Solution Papers

——

Thomas Logan - Wood-Frame Podium
Project Creates Affordable Housing

Developed to help fill a critical need for affordable
housing in Boise's downtown core, Thomas Logan is
a brick-clad building that fits perfectly within the urban
neighborhood.

Case Studies
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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.
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Key Early Design Decisions
Construction Types

Fire Design

Structural Grid

Connections

MEP Layout and Integration
Acoustics
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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)



Wood Construction Terminology

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

Beams & columns Solid sawn laminations SCL laminations
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Wood Construction Terminology

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

Plank orientation

Photo: Photo: Think Wood

StructureCraft

Photo: Manasc Isaac
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Mass Timber Building Options
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Post and Beam Flat Plate Honeycomb
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Mass Timber Building Options
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Lateral System Choices

Prescriptive Code Compliance

Concrete Shear walls R oo s
Steel Braced Frames 2021 SDPWS
Light Wood-Frame Shear walls ASCE 7-22

CLT Shear walls
CLT Rocking Walls
Timber Braced Frames

EL 3N E RN

Minimum Dasign Loads and
Associsted Criteria for
Buildings and Other Structures




Key Early Design Decisions

Where do we start?

TIME TO

START

1 DegHaro, Perkins & Will,"photo Alex Nye
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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 INTERNATIONAL
BUILDING CODE"




Construction Types

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

Construction Types | & IlI:
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?
Type IB & II: Roof Decking
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Construction Types

All wood-framed building options:

Type lli

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)




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 I, RMW Architecture & Interiors, Buehler Engineering,
Bernard André Photography




Construction Types

Type IV-HT min. sizes:
Interior Walls:

» Laminated construction 4” thick

» Solid wood construction min. 2 layers of 1”
matched boards

» Wood stud wall (1 hr min) (Type IV-HT)
» Non-combustible (1 hr min)

Verify other code requirements for FRR (eg.
interior bearing wall; occupancy separation)




Construction Types

Type IV concealed spaces
Until 2021 IBC, Type IV-HT provisions

/..- TRG(FLOOR) T&G FLANK F_OOR CR ROOF

£

\— FRAMED OR GLUZD-LAMINATEC MENBE=S
FLOCRS 6 x "0 (MIN )
ROO=S G2 8 (MM SHEET METAL DUCT

PERMITTED INSTALLATITH

FINISH F.OORING

COMCEALED ATE —\ CONCEAL TD SPACT
L /_ 5

DRYWALL ROARD, FTS DRYWALL OR SIMILAR SIDING

FROHEI LY INSIA

Credit: IBC



Construction Types

Concealed spaces solutions paper

Richard Mclain, PE, 535

“ WOODWORKS

Concealed Spaces in Mass Timber
and Heavy Timber Structures

Concealed spaces, such as thase ereated by a dropped
celling in a fleceiceiling assemély or by a siud wall assembly,
Pure Urigu e Pequirements in the Intemational Building
Code (IBC) to addrass the potential of fing Spraad i non-
visible areas of a building. Section 718 of the 2018 IBC
Inchudes prescriplive requirements for protection andfor
comparimentalization of concealed spaces through the use
of draft stopping, fire biocking, sprinkiers and cther means.
For infermation on ihese requinements, see the WoodWorks
A, Are 3prinklens fequined i Concimed Spoces Juch o3
Raor and rocf covitfes in mult-fomily weod-frome buifdings?’

For mass timber bullding elements, the cholce of
consiruction fype can have a significant impact cn concaalod
Space requirgmants. Because mass timbaer products such as
crogs-laminated timior [CLT) s prescriptively recognized
far Type IV construciion, there is a common misperception
that expased mass timber buikding elements cannod be used
of @xposed in other constiuction Lypes. This is nol the case.

I additian 1o Type IV bulldings, structural mass Smber
elemants —including CLT, glue-laminated limber {ghulam],
nail-laminated e (MLTL Struciurs] composine lumber (SCLL
and tongue-and-groave (TEG) decking—can be utszed and
exposed in the following construction types, whether ar not

@ firg=rediatance raling i requined:

= Type il = Fioars, rocfs and interkar walls may be any maiesial
pvEed by Code, InCluding mass UmDer, exnerior wals e

reguired to be noncambustible ar fire retardant-trested waed.

= Type W — Floars, reofs, inbariar walls and extorios walls
i, thie @rtire structure) may be conetrected of mass timber

= Types | and Il - Mass timtrer may be used in select
circurstances such a% roof constrection —including the
priFnary frammd in the 2021 18C —in Typed -8, -4 or 5-8;
exterdor columns and arches when 20 fect or more of
harizantal separation is provided, and balcones, candpies
an similar progections,

iraa o f = The JohnlW. Olver Design Building at UMass
- 'W‘ o iy Amherst includes exposed wood structure

in some areas and dropped ceilings in others.

o

Architect: Leers Weinzapfel Associates

https://www.woodworks.org/wp-content/uploads/wood solution paper-
Concealed Spaces Timber Structures.pdf




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 I1I-A I1I-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 75 70 60
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2,A-3,A-4 18 12 6 4 4 3 3 2
B 18 12 9 6 6 4 4 3
R-2 18 12 8 5 5 5 4 3
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2,A-3,A-4 | 135,000 90,000 56,250 45,000 42,000 28,500 34,500 18,000
B 324,000 | 216,000 135,000 108,000 85,500 57,000 54,000 27,000
R-2 184,500 | 123,000 76,875 61,500 72,000 48,000 36,000 21,000




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 I1I-A I1I-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 75 70 60

For Iow- to mid:ivise massctimb e berildingspthereomay be

A2pdtipledptions for construction| type. Thepe are prosjand
Scons of'tach, fon't assume that one'type is alway$ best. °
R-2 18 12 8 5 5 5 4 3
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2,A-3,A-4 | 135,000 90,000 56,250 45,000 42,000 28,500 34,500 18,000
B 324,000 216,000 135,000 108,000 85,500 57,000 54,000 27,000
R-2 184,500 123,000 76,875 61,500 72,000 48,000 36,000 21,000




Construction Types

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

Type lll: 6 stories

Type V: 4 stories

-

Type IV: 6 stories

Credit: Ema Peter



New Optionsin 2021 IBC
Allowable mass timber building size for
group B occupancy with NFPA 13

Construction Types

Office — 2701t :
Assembly (18 stories) Sprinkler
Residential —| |
Office
Mercantile Assembly = 2183;:&@3)
(12 stories) — Residential —
Office — 85 1t. _
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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2 Fire Design

CLT char dapth

Original CLT depth




Key Early Design Decisions

Construction type influences FRR

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
TYPEI TYPE Il TYPE Il TYPE IV TYPEV ﬂ
BUILDING ELEMENT
A B A B HT A B
Primary structural frame’ (see Section 202) 3 g 1 0 1 0 HT 1 0
Bearing walls
Exterior®! 3 2 1 0 2 2 2 1 0
Interior o i 1 0 1 0 I/HT 1 0
Nonbearing walls and partitions | -
ST, Sed Table 602
Nonbearing walls and partiti B
Ceinl il 0 0 0 0 0 0 |Section| 0 0
602.4.6
Floor construction and associated secondary members
: 1 0 HT 1 0
(see Section 202)
RDD mstr_tctmn and associated secondary members 1o 0 HT 1be 0

Source: 2018 IBC



Key Early Design Decisions

Construction type influences FRR

IADLE DV I
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS
TYPEWl | TYPE IV

A B | [ HT
Primary structural frame’ (see Section 202) . ' <1 o [ ' [

BUILDING ELEMENT

Bearmg walls
Exterior 3 2 1 0
Intenior 3? - 5 1 0
Nonbearing walls and partitions See Table 705.5
Extenor

Nonbearing walls and partitions See
Interior” 0 0 0 0 Section
2304.11.2

Floor construction and associated secondary
structural 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

|||||

IBC

INTERMNATIONAL
BUILDING
CODE

TEST REPORT

Amarican Wead Councll

222 Catoctin Circie SE, Suite 201




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

Aeff = 1'zachar

Solid wood with Char zone
full strength

Credit: Urban One

Fire exposed surface

- NA.



FRR Design of MT

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

Each has unique benefits:

» Testing:

» Canresult 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



FRR Design of MT JESTIRT|

Two structural capacity checks performed:

1. On entire cross section neglecting fire effects
2. On post-fire remaining section, with stress increases

Char layer
Char base

Pyrolysis zone
Pyrolysis zone base
Normal wood

a,, =Bt Solid Sawn, Glulam, SCL

Apar = Ny N + B, (t - (nlam t, ))0’813 CLT

a, =1.2a,, Effective Char Depth

Credit: Forest Products Laboratory



Fire Design of Mass Timber

» Fire Resistance Ratings (FRR)

» Thinner panels (i.e. 3-ply) can be difficult to achieve 1+ hour FRR

» 5-ply CLT panels can usually achieve 1- or 2-hour FRR
» Construction Type -> FRR -> Member size -> Grid (order as needed)

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

A=Y —p ==
4.125”

3 1.9”

3 ply (after 1-hour rating)

19 |
5 ply (after 1-hour rating)



FRR Design of MT

AWC’s TR10 is a technical design guide, aids in the use of NDS Chapter 16

calculations

Calculating the
Fire Resistance of

AMERICAN

WOOD
COUNCIL

Example 5: Exposed CLT Floor - Allowable Stress Design

Simply-supported cross-laminated timber (CLT) floor spanning L=18 ft in the strong-axis direction. The
design loads are qive=80 psf and qeeas=30 psf including estimated self-weight of the CLT panel. Floor
decking, nailed to the unexposed face of CLT panel, is spaced to restrict hot gases from venting through
half-lap joints at edges of CLT panel sections. Calculate the required section dimensions for a 1-hour
structural fire resistance time when subjected to an ASTM E119 fire exposure.

For the structural design of the CLT panel, calculate the maximum induced moment.

Calculate panel load (per foot of width):
Wicad = (Qdead + Qiive) = (30 psf +80 psf)(1ft width) =110 plf/ft of width

Calculate maximum induced moment (per foot of width):
Mmax = Wioag L2/ 8 = (110)(182)/8 = 4,455 ft-Ib/ft of width

From PRG 320, select a 5-ply CLT floor panel made from 1-3/8 in x 3-1/2 in. lumber boards (CLT
thickness of 6-7/8 inches). For CLT grade V2, tabulated properties are:
Bending moment, FoSert,0 = 4,675 ft-Ib/ft of width (PRG 320 Annex A, Table A2)

Calculate the allowable design moment (assuming Cp=1.0: Cn=1.0: C=1.0: C,=1.0)
Ms' = Fo(Set)(Co)(Cm)(Ct)( CL) = 4,675 (1.0)(1.0)(1.0) = 4,675 ft-Ib/ft of width (NDS 10.3.1)
Structural Check: Ms’ 2 Mmax 4,675 ft-b/ft > 4,455 ft-Ib/ft v

(note: serviceability check is not performed to simplify the design example, but should be done in typical
structural design).

Source: AWC’s TR10



WoodWorks Inventory of Fire Tested MT Assemblies

“f) WoodWorks™

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

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

Fire Design of
Mass Timber Members

Code Applications, Construction Types and Fire Ratings

For many years. exposed heavy timber framing elements
hivee: Been permitted in U5, Duikiings duwe 10 their inherent
fing-resistonoe properties. The predictability of wood's
char rate has been well-esiablished for decades and has
long been ecognkzed in building codes and standards,

Today, one of the exciting rends in building design is
the growing use of mass timber—ie. large solid wood
panel products Suth as cress-laminated timber (CLT)
and nail-laminated timber (NLT)—for floor, wall and nood
canstrection. Like heavy iimber, mass timber praducts
have inherent fire resistance that allows them 1o be left
exposed and still achieve a fire-resistance rating [FRE)
Because of their strength and dimensional stability, these
products alse offer an altemative ta steel, cancrate,

and masanry far many applications, but have a much
lighter carban featprint. It is this combination of exposed
stricture and strangth that gdevelopers and designars
across the country are leveraging io create innovative
designs with & wanm yel modeon aesthetic. oftén for
projects that go Deyond traditional noams.

This pagee has been written o support architects

and engineers exploring the vse of mass timber Tor
commercial and multi-family construction, i focuses
On how 1o meet firg-fesistance requirements in the
International Buliding Code BRC), including calculation
and testing-based methods. Unless otherwise noted,
references refer 1o the 2021 IBC,

Mass Timber & Construction Type

Betore demonsiraling FRRs of exposed mass timber
elements. 1% important o understand under what
circumstances the code currently allows the use of mass
tmber in commercial and mulbi-family construciion,

A busikding’s assigned construction typa is the main
indicator of where and when all wood sysiems can be
used, IBC Section 602 defines five main oplions (Type |
thraugh Vi Types L, i, 1l and ¥ have subcategaries A
and B, while Type IV has subcategories IV-HT. V-A, IV-B,
and 0-C, Types |0, IV and % permit the use of wood

framing throughouwt much of the structure and are used
extensively for modenn mass Umber buildings.

Type M (IBC 602_3) - Timber elements can be vsed

in Naars, reofs and imerior walls, Fire-retardant-treated
wioad (FRTW] framing is permitted in extednior walks
requingd 8o have an FRR of 2 hours or less.

Type V(BC 602.5) - Timber elements can be used
throughout the structune, inciuding finors, roofs and baoth
imerior and extesiar walls.

hington Founders Hall
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» Structural Grid




Structural Grid
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Structural Grid
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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

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

20x20 Grid, 1 purlin per bay

may be efficient 3-ply LT

Image: Lever Architecture




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

Platte Fifteen, Denver, CO

» Grids of 20x20 (1 purlin) to 30x30 (2 purlins) 30x30 Grid, 2 purlins per bay

3-ply CLT

may be efficient Image: JC Buck



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

» G”ds Of 15X3O (nO pur“nS) tO 30X30 (1 pur“n) 12x32 Grid, One-Way Beams

. e 5-ply (5.5”) CLT
may be eff|C|ent Image: Swinerton



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

Clay Creative, Portland, OR

» Grids of 15x30 (no purlins) to 30x30 (1 purlin) 30:30/Gric & purlin per b8y

Image: Mackenzie

may be efficient



Key Early Design Decisions

Why so much focus on panel thickness?




Typical MT Package Costs

m Project Overhead
m Labor
Material

B Equipment

Source: Swinerton



Typical MT Package Costs
m Project Overhead

m Labor

B Equipment

Panels are the biggest part of the biggest piece of
the cost p|e Source: Swinerton




Panel volume usually 65-80% of MT package volume

Type IlIA 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



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



Panel volume usually 65-80% of MT package volume

Type IV-HT

O-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

Source: Fast + Epp, Timber Bay Design Tool



Panel volume usually 65-80% of MT package volume

Type IV-HT
O-hr FRR (min sizes per IBC)

Purlin: 5.5”x24” (IBC min = 5”x10.5”) .
Note that if size of building had permitted Type IIIB member sizing
would essentially be the same as IV-HT. But there are other nuances
between Il 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




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



Which is the most efficient option?

A general rule of thumb for efficient mass timber
fiber volume is no higher than 0.75 CF per SF.
Ratios in the 0.85 to 1.0 CF / SF range tend to
become cost prohibitive.

Timber Volume Podium on 1st
Ratio Floor?

IlIA— Option1 0.73 CF/SF Yes
1A — Option2 0.74 CF /SF Yes
IV-HT 0.51 CF / SF Yes

IV-C 0.82 CF / SF No

Source: Fast + Epp, Timber Bay Design Tool



Which is the most efficient option?

A general rule of thumb for efficient mass timber
fiber volume is no higher than 0.75 CF per SF.
Ratios in the 0.85 to 1.0 CF / SF range tend to
become cost prohibitive.

I There are other impacts of constriction type selection

IlIA— Option1 0.73 CF/SF Yes
1A — Option2 0.74 CF /SF Yes
IV-HT 0.51 CF / SF Yes

IV-C 0.82 CF / SF No

Source: Fast + Epp, Timber Bay Design Tool



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




Outline

» Connections




Connections

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

v

Photo: Josh Partee Photo: Christian Columbres



Connections

Steel hangers/hardware fully concealed within a timber-to-timber

connection is a common method of fire protection
R

N




Connections

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

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

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




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

Engineers & Builders

$KL8A

WoodWorks Index of

ARCHITECTURE
reanpesicy O INERTON Mass Timber Connections
INTERIOR DESIGN ¥
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Connections

Other connection design considerations:
» Structural capacity
» Shrinkage

>

v

Constructability
» Aesthetics
» Cost

Credit: Alex Schreyer




Outline

» MEP Layout and Integration
>




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

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

wmnm‘”

Credit: Blaine Brownell : Credit: WoodWorks




MEP Layout & Integration

Smaller grid bays at central core

Main MEP trunk lines around core

Smaller branches in exterior bays

Credit: ARUP



MEP Layout & Integration

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

Credit: Alex Schreyer




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

= ~-Credit: WoodWorks

e . e s




Penetrations & Firestopping

Beam penetrations:
» If FRR = 0-hr, analyze structural impact of hole diameter only
» If FRR > 0-hr, account for charred hole diameter or firestop penetration

Hole diameter —_
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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 & Builders
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MEP Layout & Integration

In gaps between MT panels
» Aesthetics: often uses ceiling panels to cover gaps

» Acoustic impacts: rely more on topping




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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Credit: Alex Schreyer
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Acoustics & Sound Control

&

Finish Floor if Applicable

b

Concrete/Gypsum Topping

Acoustical Mat Product

CLT Panel

) ) 0 L e

L

T ) o o e

]|

[

|0 0

|

e |

S Y

No direct applied or hung ceiling




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
Il | | N

Airborne

sound o
source ' . Transmission
3

> through wall

» "l.\ |

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):

» Walls, Partitions, and Floor/Ceiling Assemblies

Min. IIC of 50 (45 if field tested) for:

» Floor/Ceiling Assemblies




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
5]
=X Ak el 4-1/4" with 3/4" plywood 29 with 3/4" plywood L
b-1/2" bare NLT 22 bare NLT
5]
el 6-1/4" with 3/4" plywood 31 with 3/4* plywood by
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: Christian Columbres



Acoustics & Sound Control

Concrete Slab: CLT Slab:

6” Thick 6-7/8” Thick
380 PSF —mmmelp- 18 PSF
STC53 +=—mmmrmmrmrrrrrrmeeep STC 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

Concrete/Gypsum Topping

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
—p 3. Add decouplers

Acoustical Mat:

» Typically roll out or board products
» Thicknesses vary: Usually %" to 17+

Credit: Maxxon



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

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

MASS-TIMBER-ACOUSTICS.pdf

£ WoodWorks™
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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 an
any questions related to the acoustical design of mass timber assemblies, or free %,
technical assistance related to any aspect of the design, engineering or construction of a “
commercial or multi-family wood building in the U.S., email help@woodworks.org or .

contact the WoodWorks Regional Director nearest you:
http://www.woodworks.org/project-assistance

Contents:

Table 1: CLT Floor Assembilies with Concrete/Gypsum Topping, Ceiling Side Exposed ... 2

Table 2: CLT-Concrete Composite Floor Assemblies, Ceiling ST EXPOSE. ... it s iessss s iessans s is st b imsass s sasa 48 bam8a08 185880008 bb 8880818 08 R A4 818 B8 RSAL 808 RERA L8 b8 RS04 18 0ERAR D108 9
Table 3: CLT Floor Assemblies without Concrete/Gypsum TOPPing, CEIlINEG SI8 EXPOSEH ....ceui st ierenss s s e s sa e nas s s aas e sas st o aaas 448 0 b 8RR 8RR RS0 bR 11
Table 4: Mass Timber Floor Assemblies with Raised Access Floor or Wood Sleepers, Ceiling Side Exposed................oocoovvvennne
Table 5: NLT, GLT & T&G Decking Floor Assemblies, Ceiling Side Exposed..

Table 6: Mass Timber Floor Assemblies with Ceiling Side Concealed
Table 7: Single CLT Wall..oremnismesssirees 455 550 0507 R0 00 0 0 A i R R A 33
TAEIE B: SINRIE NLT MBIl .....c.eeeeerrmemnmssmscsssermrmerssonsssenssmssssssssesssssramams sensasmens rosssnass neaeas sssmace s omrasas res st ase s nessas s o es 4 mRe e SH S HoPE S 220 HERESR S 1SR RE SRS 15 R ERSS PP ER SumRERR RS0 R a1 s 0w mma e omnmtaerrnonsross D
TAble!S Double ELTWAIE: S i ismiiiesiiiidi it iR R
Sources

Disclaimer ...

" http://bit.ly/mass-timber-assemblies




Acoustics & Sound Control

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

CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floor STC e Source
Topping
None 47F ASTC 47% AlIC
T - 49 AlIC
Carpet + Pad g 75 AlIC
Masxen Acousti-Mat® 3/4 LVT on Acousti-Top* 5 528 AliC
1-1/2" Gyp-Crete® Eng Wood on Acousti- PN 1
Top® n
None 49% ASTC 457 AlIC
Maxxon Acousti-Mat® % Premium VT - 47 AlIC
LVT on Acousti-Top™ = 49° AlIC
None 458 39 15
VT 48° 47¢ 16
CLT 5-ply LVT Plus ag* a9 58
P USG SAM N25 Ultra Eng Wood ar a7 59
Carpet + Pad 45% 67¢ 60
Ceramic Tile 50° 46* 61
None 45¢ 42¢ 15
117" | avalrark® [ATan AR AAE 1R




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 E
Discuss Early with AH)J

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

Photo Credit: Hacker Architects, Jeremy Bittermann



QUESTIONS?

This concludes The American
Institute of Architects Continuing
Education Systems Course

Tino Kalayil

Matt Cloninger

Woodworks

tino.kalayil@woodworks.org

matt.cloninger@woodworks.org
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