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New for GCs and installers:
U.S. Mass Timber Construction Manual { WOODWORKS




Current State of Mass Timber Projects

As of December 2021, in the US, 1,303 multi-family, commercial, or institutional
projects have been constructed with, or are in design with, mass timber.
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* This total includes modern mass timber and post-and-beam structurés built since 2013
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» During today’s event will be sending links,
files and other pertinent information
through the Chat window, located at the
bottom of your screen.

»  Submit questions in the Q&A box at the
bottom of your screen as they come up in
the presentations. We will get to as many
guestions as possible.




@ N A\

Questions? Ask us anything.

Janelle Leafblad, PE : ; .
Regional Director | OR, AK, HI, ID, WA bl | ISHTELIL L ol 1

(415) 310-8549
janelle.leafblad@woodworks.org

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



UW MercerCourt, credit WG Clark Constructi il
Ankrom Meisan Architects e = credit www.naturallywood.com



Early Design Decisions:
Priming Mass Timber
Projects for Success

Presented by Janelle Leafblad
March 15, 2022



“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.

Credit(s) earned on completion of this
course will be reported to AIA CES for
AlIA members. Certificates of Completion
for both AIA members and non-AIA

members are available upon request.

This course is registered with AIA CES
for continuing professional education.
As such, it does not include content
that may be deemed or construed to
be an approval or endorsement by the
AlA of any material of construction or
any method or manner of handling,
using, distributing, or dealing in any

material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion of
this presentation.



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.



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

Significant Emphasis Placed on
the Word Early

Early Because:

Avoids placing limitations due to
construction norms or traditions
that may not be efficient with mass
timber

Allows greater integration of all
building elements in 3D models,
ultimately used throughout design,
manufacturing and install




Key Early Design Decisions

Early = Efficient

Realize Efficiency in:

Cost reduction

Material use (optimize fiber use,
minimize waste)

Construction speed

Trade coordination

Minimize RFls

Commit to a mass timber design
from the start

PRA

|

BEST |
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Key Early Design Decisions

There are a number of project-specific factors that influence
how these early decisions are made, and in some cases, the
order in which the decisions are made:

« Site (size, orientation, zoning, cost)
« Building needs (size, occupancy(ies),
layout, floor to floor, aesthetics,

sustainability goals)

* Resulting code options & design
implications




Key Early Design Decisions

One potential design route:

1. Building size & occupancy informs
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 with Lord Aeck Sargent

ineer: Uzun + Case
- or: Skansa USA
Photo: 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 Partnefsﬁb, photo: John Ste



Key Early Design Decisions

Other impactful decisions: | 1 |
 Grid informs efficient spans, MEP - £====I==ﬁ=: j.-L'-
layout ' =1
+ Manufacturer capabilities inform II i ;
member sizes, grids & connections __ “" EE = E
« Lateral system informs
connections, construction I l"l .I l

sequencing

And more...

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



Key Early Design Decisions

Where do we start?
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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

A Mo of (he ladnafional Code Famiky

INTERMATIONAL
BUILDING CODE"




Construction Types

Noncombustible Structure
TYDES I & " Allowances for Mass Timber Roof

Portland International Jetport
Portland, ME, Type I-B
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e Larger buildings (Type |)

* Roof construction conforming
to heavy timber element sizes
parmitted where a 1-hour or less
fire-resistance rating is required

Credit: Gensler, Qast Associates

Irmages: SiructureCrart. Hobert Benson Phatography

Interior Mass Timber Structure
TYpE I" MNoncombustible or FRTW Exterior Walls

Maximum height: Six stories; 85 feet

* Maximum area: 256,000 SF total
building; 85,000 SF per floor

* Fire-rating requirements: 2-hour
noncombustible exterior walls
(FRTW permitted); 1-hour interior
structure (llI-A) or unrated (lI1-B)

Cradit: RMW Architecture & Interiors, Buehler Engineering

mages. oamand M oGy



Construction Types

T e |V- HT Entire Mass Timber Structure
Yp Mass Timber or Noncombustible Exterior Walls

John W. Olver Design Building
Amherst, MA, Type IV-HT
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* Maximum height: Six stories; 85 feet

* Maximum area: 324,000 SF
total building; 108,000 SF per floor
= Fire-resistance rating requirements:
2-hour heavy timber or non-
combustible exterior walls (FRTW
permitted); minimum heavy timber
sizes for the interior structure

Credit: Leers Weinzapfel Associates,
Equilibrium Consulting, Simpson Gumpertz & Heger

Images @ Albert Vecerka/Esto

Entire Mass Timber Structure
Mass Timber or Light-Frame Exterior Walls

Type V

The Hudson
Vancouver, WA, Type V-B

* Maximum height: Four stories;
70 feet

* Maximum area: 162,000 SF total
building; 54,000 SF per floor

= Fire-rating requirements: 1-hour
exterior walls and interior structure
(V-A) or unrated (V-B)

Credit: Mackenzie

Images: Christian Columbes




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

Office 4 | N (2‘I7 E? sf:;)ries) I
Assombly 4 NFPA 13 Sprinkler
Office 180 ft
Mercantile Assembly : (12 stbries)
(12 stories) — Residential —|
Office = — 85 ft. _
Mercantile (9 stories) — (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C || ||




Concealed spaces solutions paper

Construction Types

R i McLabn, PE, SE

Concealed Spaces in Mass Timber
and Heavy Timber Structures
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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

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 l-B V-A V-B
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A B, R 270 180 85 85 85 85 70 60
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A-4 18 12 6 4 4 3 3 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, A4 | 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 lHI-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

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




CLT char depth
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Original CLT depth

Credit; David Barber, ARUP




Key Early Design Decisions

Construction type influences FRR

Source: 2018 IBC



Key Early Design Decisions

Construction type influences FRR

Source: 2021 IBC



Key Early Design Decisions ww WS

TEST REFPORT

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

IBC

INTERNATIONAL

BUILDING CODE"




Key Early Design Decisions

Member Sizes
* Impact of FRR on sizing

Credit: Kaiser+Path



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

aeff = 1'zachar

gl |
- ﬁ"‘. .t

Credit: Urban One




FRR Design of MT

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

I BC-
A Mgerinr of tha miavrutional Coda Famiy

INTERNATIONAL




FRR Design of MT

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

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 fn = 1.5 in./hr.)
recognized in NDS. Effective char Char Fffective Char
depth calculated to account for Required Fire | Depth, Depth,
] ] ] Resistance Achar Ay
duration, structural reduction in (hr.) (in.) (in.)
|-Hour 1.5 1.8
heat-affected zone o )] )
2-Hour 2.6 3.2




FRR Design of MT

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

~ tﬁﬁi&.a = B, o813 Solid Sawn, Glulam, SCL

‘x \".\‘1‘:«\\‘ . l:har
\ 0.813
Ahar = Niam Iarn T Bl ( ( lam “gi )] CLT

AR ALY
; 6k :“_.-\ .,' b y aeﬂ' —_ 1- 2a

Credit: Forest Products Laboratory

char Effective Char Depth




FRR Design of MT

NDS Table 16.2.2 Design stress adjustment factors applied to adjust
to average ultimate strength under fire design conditions

Source: AWC’s NDS



FRR Design of MT

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

Chapter 16 calculations

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 qdead=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):
Wioad = (Qdead + Qiive) = (30 psf +80 psf)(1ft width) =110 plf/ft of width

Calculate maximum induced moment (per foot of width):
Mmax = Wicad 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, FySefro = 4,675 ft-Ib/ft of width (PRG 320 Annex A, Table A2)
Calculate the allowable design moment (assuming Cp=1.0: Cy=1.0: Ci=1.0: C.=1.0)

Ms' = Fo(Se){(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



FRR Design of MT

Tested FRR of Exposed MT:

« IBC 703.2 notes the acceptance of FRR demonstration via testing in
accordance with ASTM E119

1200

C
=
S
')

800

600 /
400
200

Temperature (2C)

0 60 120 180 240
Time (min)

Standard ASTM E119 test time-
temperature curve



FRR Design of MT

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

B ﬁ__ﬂ;
| F'!J Fire Testing “__f'll_“ @_
i =, Labaratar i b
JGE sitioc 4 . FPinnovations
MIC-CIC
TEST REPORT Page 1ol 63 Project Ko 301006133
o Fima! Ropont 201213

ot
American Wood Councll

222 Catoctin Circle SE, Sulia 201
Leesburg, VA 20475

Blnndard Mathode of
Fire Tesis of Bullding Construction and Malerlals

ASTME118=11a

Proliminary CLT Fire Resistance Teating Repon
Taal Aepin Mod WP 1960

dapgemend Mg K (DG

Sebjort Mainmi Coopn:Lamnaoen Tenosr ard Gypeism Boasd Wl dussmdny || osd-Seariog) by
Tam! Dnin Crabaer 4, 260 2 Lind !:] » M B
FHapon Dale Dotodar 16, 2010 Crmtian Dagonms, Eng. M.5c
Scrontists
Advenced Building Syuems - Serviccabilny snd Fire Ceoagp
Preased it = L W E R N
Michaal J, Radzp.
Tas Engrdu und
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FRR Design of MT
WoodWorks Inventory of Fire Tested MT Assemblies



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



FRR Design of MT

Mass Timber Fire Design Resource

« Code compliance options for
demonstrating FRR

* Free download at woodworks.org







Structural Grid
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Grids & Spans o Do P 3007 ) ©
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Structural Grid

Grids & Spans

Consider Efficient
Layouts

Repetition & Scale
Manufacturer Panel
Sizing
Transportation

24’-6” 26°-2" 24’-6” 40°-0”

14’-0”
26’-0”

26°-0”
26!_0”



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 e S

Platte Fifteen, Denver, CO
30x30 Grid, 2 purlins perbay S
3-ply CLT . &
Image: JC Buck =S




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 (5.5") CLT g

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

Clay Creative, Portland, OR B "
30x30 Grid, 1 purlin per bay ?
2x6 NLT ==

Image: Mackenzie |§§
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Construction Type Early Decision Example g o

HEH |kl |:
fafal el ==l =
la ...|.|: HEHET =
L= R HHE
Tekededs] =i 55 0 (=

7-story building on health campus

* Group B occupancy, NFPA 13 sprinklers throughout
* Floor plate = 22,300 SF

» Total Building Area = 156,100 SF

MT Construction Type Options:
« If Building is < 85 ft

« 7 stories of IV-C

« 6 stories of llIA or IV-HT over 1 story |IA podium
« If Building is > 85 ft

« 7 stories of IV-B



Key Early Design Decisions

Construction Type Early Decision Example

MT Construction Type Options:
« If Building is < 85 ft

o 7 stories of IV-C

« 0 stories of llIA or IV-HT over 1 story IA
« If Building is > 85 ft

« 7 stories of IV-B

Implications of construction type choice in this example:
FRR (2 hr vs 1 hr vs min sizes)

Efficient spans & grid

Exposed timber limitations

Concealed spaces

Cost

And more...



Key Early Design Decisions

Construction Type Early Decision Example

o 7 stories of IV-C

Implications of Type IV-C:

2 hr FRR, all exposed floor panels, beams, columns
Likely will need at least 5-ply CLT / 2x6 NLT/DLT
Efficient spans in the 14-17 ft range

Efficient grids of that or multiples of that (i.e. 30x25, etc)
No podium required




Key Early Design Decisions

Construction Type Early Decision Example

« 6 stories of llIA or IV-HT over 1 story IA

Implications of Type IllA or IV-HT:

1 hr FRR or min. sizes

Potential to use 3-ply or thin 5-ply CLT

Efficient spans in the 10-12 ft range

Efficient grids of that or multiples of that (i.e. 20x25, etc)
1 story Type |IA podium required



Key Early Design Decisions

Construction Type Early Decision Example

o« 7 stories of IV-B

Implications of Type IV-B:

2 hr FRR, mostly protected floor panels, beams, columns
Exposed areas: likely 5-ply / 2x6 NLT/DLT

Protected areas: potential for thinner panels

Choose 1 system throughout or multiple systems?

Does grid vary or consistent throughout?

No podium required
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Why so much focus on panel thickness?

_pﬁ'.'*q - ol

*
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Key Early Design Decisions

Typical MT Package Costs

= Project Overhead
m | abor
= Material

m Equipment

Source: Swinerton
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® 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
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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

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

Source: Fast + Epp, Timber Bay Design Tool



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Type IV-HT
0-hr FRR (min sizes per IBC)
Purlin: 5.5"x24" (IRC min = 5’x10.5")

y Notethat if S|ze of buﬂdlng had permitted Type IlIB, member
> sizing would essentially be the same as IV-HT. But there are 25"
other nuances between lll 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

.... .
B = T e,
_ F

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?

[lIA— Option1 0.73 CF/SF Yes
IlIA— Option2 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 0.85to0 1.0 CF /

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




Key Early Design Decisions

Which is the most efficient option?

Timber Volume Podium on 1st
Ratio Floor?

i 30

06\0 4 <2 -‘ﬁz,_,h )
r lIIA— Option1 0.73 CF/SF Yes

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

0 N IV-U U.5Z UF [ OF INO

A general rule of thumb for efficient mass
l timber fiber volume is no higher than 0.75
| CF per SF. Ratios in the 0.85to0 1.0 CF /

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



Key Early Design Decisions

Construction Type Early Decision Example g o

| I
o) =
= sl —
HH HEHET =l
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HHE <l lefbEE | =

3-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 (3") floor
* Requires Construction Type IllIA

If owner permits moving events space to 15t or 2" floor
 Could use Type IIIB



Key Early Design Decisions

Construction Type Early Decision Example

3-story building on college campus

Cost Impact of Assembly Occupancy Placement:

Location of Event Space mm

Construction Type [HI-A 111-B
Assembly Group A-3 A-3

Fire Resistive Rating 1-Hr O-Hr
Connections Concealed Exposed
CLT Panel Thickness 95-Ply 3-Ply

Superstructure Cost/SF $65/SF $53/SF

Source: PCL Construction



Key Early Design Decisions

NEW MASS TIMBER
FLOOR VIBRATION
DESIGN GUIDE

Worked office, lab
and residential
Examples

U.S. Mass Timber
Floor Vibration

Design Guide

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



Connections
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Key Early Design Decisions

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

Photo: Josh Partee Photo: Christian Columbres



Key Early Design Decisions

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




Key Early Design Decisions

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

3200 8

Photos: Simpson Strong-Tie




Key Early Design Decisions

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

20T

HH‘%i




Key Early Design Decisions

Fire Test Results



Key Early Design Decisions

SOUTHWEST RESEARCH INSTITUTE

BER0 CULERRA ACOAD FR2)8-516k « PO DHAWER B85S0 FRZ2E 0570 & SAN AMTONRD. TEXAE USA s (110 SRC-S101 « WwW SWRI CRG

CHEMISTRY AND CHEMICAL ENGINEERING DIVISION FIRE TECHNOLOGY DEPARTMENT
WA FIRE_EWRLORG

FIRE PERFORMANCE EVALUATION OF A LOAD BEARING
CLULAM BEAM TO COLUMN CONNECTION, INCLUDING A
CLT PANEL, TESTED IN GENERAL ACCORDANCE WITH
ASTM E119-16a, STANDARD TEST METHODS FOR FIRE TESTS
OF BUILDING CONSTRUCTION AND MATERIALS

FINAL REPORT
Consisting of 32 Pages

Full Report Available at:

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



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

Key Early Design Decisions

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




Key Early Design Decisions

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

n

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




Key Early Design Decisions

$ KLéA

Engineers & Builders

ARCHITECTURE

(Y

WoodWorks Index of
Mass Timber Connections

URBAN DESIGN SWINERTON _:_

INTERIOR DESIGN MASS TIMBER _

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.



Key Early Design Decisions

2304.10.1 Connection fire resistance rating. Fire

resistance ratings in Type IV-A, IV-B, or |V-C

construction shall be determined by one of the

following:

1. Testing in accordance with Section 703.2 where . . sweetr 10
the connection is part of the fire resistance test.

2. Engineering analysis that demonstrates that the temperature rise at any
portion of the connection is limited to an average temperature rise of 250°
F (139° C), and a maximum temperature rise of 325° F (181° C), for a
time corresponding to the required fire resistance rating of the structural
element being connected. For the purposes of this analysis, the
connection includes connectors, fasteners, and portions of wood
members included in the structural design of the connection.




Connections

Other connection
design
considerations:

« Structural capacity
« Shrinkage

» Constructability
 Aesthetics

e Cost

it: Alex Schreyer
. " |
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Penetrations & Firestopping

Construction Type Impacts FRR | FRR impacts penetration
firestopping requirements




Penetrations & Firestopping

Code options for firestopping through
penetrations




Penetrations & Firestopping

Option 1: MT penetration firestopping via tested products




Penetrations & Firestopping

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

Photos: AWC/FPInnovations/Hilti



Penetrations & Firestopping

SOUTHWEST RESEARCH INSTITUTE'

M CULERAR ROAD TEEM-A18E » PO DRAWLE TEAIE MTTE-DN00 ¢ SAN ANTONID FETAN USA = (310) SRASAT1 = W B BRG

CHEMMETRY AMD CHERCAL EMGANE ERING DNIS20N FNE TRCHRLOG Y DT ARTHENT
WWW HRL FWRL DRG
FAN [IVE) BX3-25TF

O

FIRE RESISTANCE PERFORMANCE EVALUATION
OF A PENETRATION FIRESTOP SYSTEM TESTED
IN ACCORDANCE WITH ASTM  ES14-13A,
STANDARD TEST METHOD FOR FIRE TESTS OF
PENETRATION FIRESTOP SYSTEMS

FINAL REPORT
Consisting of 18 Pages

SwRI" Project No. 01.21428.01.001a
Test Date: September 30, 2018
Report Date: October 22, 2015

Prepared for:

American Wood Council
222 Caroctin Circle SE
Leesburg, VA 20175




Penetrations & Firestopping

Inventory of Fire Tested Penetrations in MT Assemblies



Penetrations & Firestopping

Option 2: MT penetration firestopping of penetrations via engineering
judgement details (contact firestop manufacturer)

F-RATING = 1-HR. OR 2-HR. (SEE NOTE NO. 3 BELOW)

o
TOP VIEW SECTION A-A E
& CRGSS-SECI!DN#L VIEW
|| = TN
L Pt X '
= LI '. Il i)
- il 5 - 1 l_' - p q
-, et i—‘ —

2. HILTI CFS-DID FIRESTOP DROP-IN DEVICE INSERTED INTO OPENING (SEE TABLE BELOW) AND SECURED

1. 3-PLY CROSS LAMINATED TIMBER FLOOR ASSEMBLY (MINIMUM 3" THICK) (1-HR. FIRE-RATING). % M r M ’
|

TO TOP SURFACE OF CROSS LAMINATED TIMBER FLOOR ASSEMBLY WITH THREE 1/4" x 1" LONG STEEL 3
WOOD SCREWS WITH WASHERS.

3. MINIMUM 3" THICKNESS MINERAL WOOL (MIN. 4 PCF DENSITY) TIGHTLY PACKED, AND FLUSH WITH TOP 1. MASS TIMBER WALL ASSEMBLY (MINIMUM 12" THICK) (1-HR. OR 2-HR. FIRE-RATING).
AND BOTTOM SURFACE OF CFS-DID FIRESTOP DROP-IN DEVICE. 2. MAXIMUM 2" NOMINAL DIAMETER PVC PLASTIC PIPE (SCH 40).

4. MINERAL WOOL (MIN. 4 PCF DENSITY) TIGHTLY PACKED, RECESSED TO ACCOMMODATE SEALANT, AND 3. MINIMUM 4" THICKNESS MINERAL WOOL (MIN. 4 PCF DENSITY) TIGHTLY PACKED AND
COMPLETELY FILLING SPACE BETWEEN CFS-DID FIRESTOP DROP-IN DEVICE AND PERIPHERY OF RECESSED TO ACCOMMODATE SEALANT.

OPENING.
5. MINIMUM 1" DEPTH HILTI FS-ONE MAX INTUMESCENT FIRESTOP SEALANT BETWEEN CFS-DID FIRESTOP 4. MINIMUM 3/4" DEPTH HILTI FS-ONE MAX INTUMESCENT FIRESTOP SEALANT.

DROP IN DEVICE AND PERIPHERY OF OPENING.



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

e
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JMEP Layout & Integratlon
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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

Key considerations:

* Level of exposure desired

* Floor to floor, structure depth & desired

nead 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




MEP Layout & Integration

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

=1 kit §5
o e ——

Credit: WoodWorks

Credit: Blaine Brownell



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

Grid impact: Relies on
one-way beam layout.
Columns/beams spaced
at panel span limits in one
direction.

Beam penetrations are
minimized/eliminated

Recall typical panel span i i
limits: e L

Credit: Hacker Architects



MEP Layout & Integration

Dropped below MT framing

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

Py
=

Credit: Alex Schreyer 2 " -redit: Wgod A'fe



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

-~
.::.._ _. o =




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 chases above beams and below panels at Platte 15




MEP Layout & Integration

In chases above beams and below panels at Catalyst
o 30x30 grid, 5-ply CLT ribbed beam system

~ Credit: Hans-Eri omgren




MEP Layout & Integration

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

Credit: Ema Petér/MGA




MEP Layout & Integration

In gaps between MT panels
 FRR impacts: generally topping slab relied on for FRR

Credit: KPEE



MEP Layout & Integration

In gaps between MT panels
« Impact on assembly acoustics performance

Credit: KPFF



MEP Layout & Integration

In gaps between MT panels
« Greater flexibility in MEP layout

I.!‘. #"'J
mn®

Credit: WoodWorks
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MEP Layout & Integration

In gaps between MT panels
« Aesthetics: often uses ceiling panels to cover gaps
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MEP Layout & Integration

In raised access floor (RAF) above MT
* Aesthetics (minimal exposed MEP)

-

s |
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y Cre

dit: BOKA Powell , | NON RAF



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 opportunlty for renovatlons later
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Lateral System Choices
Concrete Shearwalls
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,Credit: Hacker Architects




Lateral System Choices
Connection to concrete core




Lateral System Choices

Connections to concrete core
« Tolerances & adjustability
« Drag/collector forces ET—
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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

1R

T 1!
d
Photos: Marcus Kau‘ff?n_an'n, ODF
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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)




Lateral System Choices
MT Shearwalls

r ::'lE= f: [ J
Photo: Alex Sc'hreﬂ'(ern o SN
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Lateral System Choices
MT Rocking Shearwalls

_— POST-TENSIOMING ANCHORAGE

PINNED GLULAM COLLAR
BEAM AND BOUNDING
COLUMN CONMECTION

GRAVITY BEAM-TO-COLUMMN
CONNECTION

BOUNDING GLUIL AM

CLT WALL PAMELS

COLUMNS _

U-SHAPED FLEXURAL PLATE ———=f| [ J  CLT FLOOR-TO-WALL
CLT FLOOR PANELS OVER — = e = @ CotiEcTioH

GLULAM BEAMS : —— - CLT SHEARWALL SPLICE

-~ ] I Bk

L
GLULAM COLLAR BEAMS

HIGH-5TRENGTH 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




Lateral System Choices

Prescriptive Code Compliance

Concrete Shearwalls
Steel Braced Frames
Light Wood-Frame Shearwalls
CLT Shearwalls
CLT Rocking Walls
Timber Braced Frames

AR K
AMEBICAN

X
X

2021 SDPWS
ASCE 7-22

Photo: WoodWorks




Acoustics & Sound Control




Acoustics & Sound Control

Consider Impacts of:

« Timber & Topping Thickness
 Panel Layout

 (Gapped Panels

« Connections & Penetrations
« MEP Layout & Type

Credit: thoblaas"



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




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:

IBC

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

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

CODE

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

ETRAITIONAL
.....




Acoustics & Sound Control

m Onset of "privacy”

m Loud speech audible as a murmur

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

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

- Superior soundproofing; most sounds inaudible




Acoustics & Sound Control o
MT: Structure Often is Finish

W i
-Ir o 1 i - = | I 1
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Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman | Architect: Kaiser + PATH



Acoustics & Sound Control

But by Itself, Not Adequate for Acoustics




Acoustics & Sound Control




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

——

Imagé"'cur_éait: Christian Columbres; |1




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

-

Credit: CRristiah Columbres




Acoustics & Sound Control

Concrete Slab: CLT Slab:

6" Thick 6-7/8" Thick



Acoustics & Sound Control



Acoustics & Sound Control

—

Acoustical Mat:
 Typically roll out or board products

* Thicknesses vary: Usually 74" to
1”+

Credit: Max'x'-on



Acoustics & Sound Control

Acoustical tloor underlayments

Photo; AcoustiTECH '*

Photo: Knalics Moise Contral, lne.,"

Phato Phleg nc..”

Phara: Maxxon Comporation



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
« WGSP (if applicable)
 Mass timber floor panels

Credit: AcoustiTECH



Acoustics & Sound Control

Solutions Paper & WoodWorks'

WOOD PRODUCTS COUNCIL

Acoustics and Mass Timber:
Room-to-Room Noise Control
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http://www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf

Acoustics & Sound Control

CLT [CROSS LAMINATED TIMBER)
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Acoustics & Sound Control

Inventory of Tested Assemblies

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



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

Acoustics & Sound Control

Inventory of Tested Assemblies



Key Early Design Decisions

Early Design Decision Example b 1 ’,

B e

B
bl

—Credit: Monte Erench Design Studio

7-story, 84 ft tall multi-family building
« Parking & Retail on 1st floor, residential units on floors 2-7
 NFPA 13 sprinklers throughout

* Floor plate = 18,000 SF

« Total Building Area = 126,000 SF

= "'(‘fredit: Monte French Design Studio



Key Early Design Decisions

Early Design Decision Example

g —
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P
7-story, multi-family building, typ. floor plan: 20

S

reT Monte renc eéin Studio

240’
A
32’ «— 30x32 typ. unit
X
6’ | Corridor
A
32’




Key Early Design Decisions

Early Design Decision Example

MT Construction Type Options:
e 7 stories of IV-C
« 5 stories of llIA over 2 stories of |IA podium
« 5 stories of IV-HT over 2 stories of |1A podium




|

Key Early Design Decisions

Ed

Early Design Decision Example

5 % | o =5
=

MT Construction Type Options: = L
» 7 stories of IV-C

Implications of Type IV-C:

2 hr FRR, all exposed floor panels, beams, columns
Likely will need at least 5-ply CLT / 2x6 NLT/DLT
Efficient spans in the 14-17 ft range

Efficient grids of that or multiples of that (i.e. 30x25, etc)
No podium required

CLT exterior walls permitted



Key Early Design Decisions

Early Design Decision Example

HIIIIII

8 B B
ﬂ

Type IV-C Grid Options = -
° Opt|on 1 240’ e CﬁaTMm'e_Frem; Design Studio

Beams/Walls at 15’ o.c. (align w
; unit demising wall)

+— No beams or shallower beams at corridor

MT floor panel span

+<— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

HIIIIII

8 B B
ﬂ

Type IV-C Grid Options = -
° Opt|on 1 240’ e CﬁaTMm'e_Frem; Design Studio

Beams/Walls at 15’ o.c. (align w
; unit demising wall)

No beams at corridor (MT panel spans weak axis)

o MT floor panel span

+— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

HIIIIII

8 B B
ﬂ

Type IV-C Grid Options = -
° Opt|on 1 240’ e CﬁaTMm'e_Frem; Design Studio

Beams at 15’ o.c. (align w unit
demising wall)

23-4” beam span typ.

MT floor panel span

+~— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

HIIIIII

8 B B
ﬂ

e

Type IV-C Grid Options
* Option 1

reT Monte renc Design Studio

32’ No beam penetrations at main to
branch MEP

6’ \

32’ Main MEP lines in corridor

MEP branches in each unit



Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options
e Option 2 240’

Beams at 16’ o.c. (align w
corridor wall)

No beam at corridor

+«— Typ. MT Panel

panel span

MT floor

|

Credit: Monte Frenc

|

H Desi

e

an Stﬂai_o



Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options
e Option 2 240’

MEP branches in each unit
Beam penetrations at all beam lines

/ Main MEP lines in corridor

+<— Typ. MT Panel

|

Credit: Monte Frenc

|

H Desi

e

an Stﬂai_o
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Key Early Design Decisions

»

Early Design Decision Example

Type IV-C Floor Assembly Options

- Ll e
~Credit: Monte French Design Studio

« 2-hr FRR: 5-ply CLT (tested assembly) or 7-ply CLT (char calculations)
« STC & IIC 50 min: 2" topping (5-ply CLT) or 1.5" topping (7-ply CLT)
Note: many other acoustic mat and topping options exist, one example shown here
Note: 5-ply is most efficient for the 15-16 ft panel spans shown



|

Key Early Design Decisions

Early Design Decision Example

| N
5 % | o =
Ve

MT Construction Type Options: . _____ CrediC Wonte French Design Studio

« 5 stories of IlIA over 2 stories of |1A podium

Implications of Type IllIA:

1 hr FRR

Potential to use 3-ply or thin 5-ply CLT

Efficient spans vary with panel thickness

Efficient grids of that or multiples of that (i.e. 20x25, etc)
1 story Type |IA podium required

CLT exterior walls not permitted



Reduce Risk
Optimize Costs

- For the entire project team,
not just builders

- Lots of reference documents

www.woodworks.org

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

@ WoodWorks

WOOD PRODUCTS COUNCIL

Mass-Timber-Design-Cost-Optimization-Checklists.pdf

Mass Timber Cost and
Design Optimization Checklists

WoodWaorks has developed the following checklists to assist
in the design and cost optimization of mass timber projects.
The design aptirmzation checklhists are intended for bullding
dazignars (architects and engineers], but many of the topics
should also be discussed with the fabricators and builders, The
k . i First Tech Fededal
cost ptmization checklists will help guide coordination between Exbsth e
dasignars and budders (genaral contractons, CONSIFUCTION MAanagers,

estimators, fabricators, installers, etc.b as they are estimating and

migking cost-related decisions ona mass timber project,

Maoat resourcas listed in thic
paper can be found on the
WoodWorks website. Please

see the end notes for URLs



https://www.woodworks.org/wp-content/uploads/wood_solution_paper-Mass-Timber-Design-Cost-Optimization-Checklists.pdf

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
.- o | Expose the*mfbeL
4 | “'" "Discuss g arly with AHJ

Work W &Expenenced People
J gucet WoodWorks Help for Free
Create Your Market Distinction

= — -

i

' Images: Korb &/?_ lates



@ N A\

Questions? Ask us anything.

Janelle Leafblad, PE : ; .
Regional Director | OR, AK, HI, ID, WA bl | ISHTELIL L ol 1

(415) 310-8549
janelle.leafblad@woodworks.org

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



Copyright Materials

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

© The Wood Products Council 2021

Disclaimer: The information in this presentation, including, without limitation, references to information contained in other
publications or made available by other sources (collectively “information”) should not be used or relied upon for any
application without competent professional examination and verification of its accuracy, suitability, code compliance and
applicability by a licensed engineer, architect or other professional. Neither the Wood Products Council nor its employees,
consultants, nor any other individuals or entities who contributed to the information make any warranty, representative or
guarantee, expressed or implied, that the information is suitable for any general or particular use, that it is compliant with
applicable law, codes or ordinances, or that it is free from infringement of any patent(s), nor do they assume any legal liability
or responsibility for the use, application of and/or reference to the information. Anyone making use of the information in any
manner assumes all liability arising from such use.
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