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“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.
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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.



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 PRACTICE
Commit to a mass timber design L W |
from the start




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 508 '. TH“E,JE’FW

--""-*'jl" ;

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...




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




Key Early Design Decisions

Other impactful decisions: ' i

» Grid informs efficient spans, MEP | g=========:
layout =

 Manufacturer capabilities inform [
member sizes, grids & connections m " ! E

« Lateral system informs
connections, construction | I l.l .I l H !

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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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 l-A I-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.

_ I ] | ] ] | ] | |
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?

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)

TABLE 601

BUILDING ELEMENT TYPEI TYPEI TYFE M TYPE IV TYPEV
A B A B A B A B C HT A B
Primary structural frame’ (see Section 202) £ b Il I LR V| I L 3 2 2 HT 1= | 0
Bearing walls
Exterior™* 3 2 0 2 2 3 2 2 2 1 0
Interior 3 » 0 1 0 3 2 2 1/HT® 1 0
Nﬂﬂbfﬁ]'lﬂg walls and parlitium; See Table 7055
Exterior
Nonbearing walls and partiti See
Inmio T PATTINS oo | o|of o|o| 0| 0] 0] Seton| 0] 0
2304.11.2
Floor construction and associated secondary
structural members (see Section 202) L I I e I . -
Roof construction and associated secondary n be b b 1s -
structural members (see Section 202) 1y 1 . 0 L . - 1 1 a1l L .




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
S-ply CLT (6-7/8" thick) 14t017ft
7-ply CLT (9-5/8") 17to 21 ft
2xd NLT Upto 12 ft
2%6 NLT 10t0 17 f1
2x8 NLT 14to2lft
5" MPP 10to 15 ft
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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 g of e arnafsnal Coda Famly”

INTERNATIONAL
BUILDING CODE"




Construction Types

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

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

However, there are exceptions including several for mass timber



Construction Types

Where does the code allow MT to be used?
Type IB & Il: Roof Decking

S .
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Image: StructureCraft Builders



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 Ill 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
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Construction Types

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

Image: Christian Columbres Photogra




Construction Types

Where does the code allow MT to be used?

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

y
_ anl”

—
4 image Perkins +Jil




Construction Types

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

Framing  SOE DA e ey
s |Columns| 8x8 63/, x 8% 7 x7%
é Beams 6x10 5x 10 5/ x 9%
. Columns 6x8 5x8% 5/ x7%
& Beams* | 4x6 3X6'/s 3% X 5%

Minimum Width by Depth in Inches
See IBC 2018 2304.11 or IBC 2015 602.4 for Details

*3” nominal width allowed where sprinklered



Construction Types

Type IV min. sizes:

Floor Panels/Decking:
* 47 thick CLT (actual thickness)
4" NLT/DLT/GLT (nominal thickness)
« 3" thick (hominal) decking covered
with: 1” decking or 15/32” WSP or 2" Iikecte :
particleboard 2 ﬁ

Photo: StructureCraft




Construction Types

Type IV min. sizes:

Interior Walls:

« Laminated construction 4” thick

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

« Wood stud wall (1 hr min)

* Non-combustible (1 hr min)

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




Construction Types

Type IV concealed spaces

Can | have a dropped ceiling? Raised access floor?




Construction Types

Type IV concealed spaces

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

4 E CONCEALED ACE CONZEALED SPACE
f T&3 (FLOOR) T&(3 FLAHK FLOOR OR ROOF
&— FRAMED ©R SLUSD-LAMIMATED MENEES DRYWaLL, WL L EOARD, BT DRTWALL OR SIMILAR SIDING
FLOGRS 6 % 10 (WM
ROOTS 6 28 MIN SHEET METAL DUST
FROHIEN =0 (NS 1AL [+
PEREMITTED INETALLATICH
CONCEALE E
A FINISH FLODR MG
SUSHENDED CEILING COMCEALEREFACE
PROHEBITED IMSTAL b PROAIE! EL (M LLA Y

Credit: IBC



Construction Types

Type IV concealed space options within 2021 IBC

Option 1:

Sprinklers in concealed spaces g | E
Dropped ceiling .




Construction Types

Type IV concealed space options within 2021 IBC

Option 2:

Noncombustible insulation

Dropped ceiling

~—
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Construction Types

Type IV concealed space options within 2021 IBC

Option 3:

5/8" Type X gypsum on all mass timber
surfaces within concealed space

Dropped ceiling |




Construction Types

Concealed Spaces in Mass Timber
and Heavy Timber Structures
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Concealed spaces solutions paper

The John W. Olver Design Building at UMass

it 2o B - = .
" aat | -"l‘,'il L 3 Amherst includes axposed wood structure
i 0 x in some areas and dropped ceilings in others.
Architect: Leers Weinzapfel Associates

=Y

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



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

Construction Types

Allowable mass
timber building size
for group B

o (0 EME occupancy with
= b I Rl NFPA 13 Sprinkler

Pﬂot_%

Type V: 4 stories



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

Office R 27011,

oshint S Sl NFPA 13 Sprinkler
Office
— 180 ft.
Mercantil Assembly ,
{1gr:fnrieg} | Residential —[g (12 stories)
Office = 85t
Mercantile (9 stories) — | g (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly
Mercantile
(6 stories)
Ty A Type IV-B Type IV-C |




CLT structural capacity

T = e - g

o A e - R
T s S e L
. -‘ g ﬁr#-ﬂ‘a&"ﬂ'

il T o W

e

L= :’...r:,--‘

L

CLT char depth

Original CLT depth

Credit: David Barber, ARUP



Key Early Design Decisions

Construction type influences FRR

TABLE 801
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
TYPE | TYPE I TYPE I TYPE IV TYPEV ‘
BUILDING ELEMENT
A | B A | B A B HT A B |
Primary structural frame’ (see Section 202) 3 ! 1 0 ‘
Bearing walls
Exterior™” 3 2 I 0
Intenor 3 2 1 0
Nonbearing walls and partitions B
Eiitari Sed Table 602
‘Jc;l:ll::];_a;: ;}E walls and partitions 0 0 0 0 fain
602 4.6
Floor construction and associated secondary members
(see Section 20)2)
Roof construction and associated secondary members ‘
(see Section 202)

Source: 2018 IBC



Key Early Design Decisions
Construction type influences FRR

IABLE BU1

BUILDING ELEMENT > > TYPE IV

C
Primary structural frame’ (see Section 202) ] ' 3 4

Bearing walls
Fxterior®? 3 2 |

Interior 3* iy 1 ()
Nonbearing walls and partitions
Exterior

See Table 7035.5

Nonbeanng walls and 1t1ons See
e B o | o | o | o 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



Key Early Design Decisions = B

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



Key Early Design Decisions

e e e e —

Member Sizes l =¥ f._F_J
* Impact of FRR on sizing NN S e NN

e e N

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

Unexposed surface

= . TP el i

’:’}?_"‘;':k:‘« ;3.3——-—};.;\: ,” = ﬂ*ﬂ\"l
=N NN NN

Solid wood with Char zone
full strength

Credit: Urban One

Fire exposed surface

_ | NA



Code Path for Exposed Wood Fire-Resistance Calculations

F R R D es i g n Of M T :':;I'?:::Ii‘for defarmining fire resiitance

* Prescriptive designs per IBC 721.1

Calculations in accordance with IBC 722
Fire-resistance designs documented in sources
Engineering analysis based on a comparison
Alternate protection methods as allowed by 104.11

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

IBC 722
Calculated Fire Resistance

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

NDS’

semmon NDS Chapter 16
iNTERALATHOMAL Fire Design of Wood Members

BUILDING CODE e s .
et * |imited to calculating fire resistance up to 2 hours

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

¢ TR 10 and NDS commentary are helpful in
[ ans)’ implementing permitted calculations.




FRR Design of MT

b 4

j
|8
i

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

R e e el e Y e
15 EDITION 4

Table 16.2.1B Effective Char Depths (for CLT

with p,=1.5in./hr.)
Required Effective Char Depths, a.u.,
Fire (in.)
Endurance lamination thicknesses, huy (in.)

ke 58 |34 78 | 1 |1-1/4] 1-3/8 |1-1/2|1-3/14| 2

1-Hour 22 |22 |23 2828 | 18 1.8 | 1.8 | 1.8
14-Hour 34 |32]| 31 |30129 | 28 | 28 |28 | 26
2-Hour 44 |43 | 41 (40| 39 | 38 | 3.6 | 36 | 3.6

Credit: FF?:[_n novations



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

T03.2 Fire-resistance ratings. The fire-resistance rating of
building elements, components or assemblies shall be deter-
mined in accordance with the test procedures set forth in
ASTM E119 or UL 263 or in accordance with Section 703.3.
The fire-resistance rating of penetrations and fire-resistant
joint systems shall be determined in accordance Sections 714
and 715, respectively.

1200

—_—k
o
o
o

800
600
400
200

Temperature (2C)

60 120 180
Time (min)

240

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

T,
| s -
| Fire T&sling . - 5
= Laboratory |r-‘ll'l-;‘r'.:.:h.-\.|ll'r - - @
NGC L — IntEI tE‘k FPinnovations
TEST REPORT Paga ¥ of 3 Pt b :l'l.::.';.ﬁl?:
b REPCHRT MUNMSBIER: 195851 3545 AT 001 R
CHEGRAL FSSLEE AT Fabiuary 37, 2017
Amadican Wood Cowndll SRV CATE A
22 el Civpin S5E, Sules 207 h
Lewsiay VA BITE n :
Edenderd baitods of EVALUATION CENTER
Firp Taats of Bullding Conmruton and Mahsristi o S0 LS Gray Fals Road
TH TEi
ASTM E 110 - 11 HﬁiEmﬁ:ﬁle:lE"il
m Fiac {7 H0) E¥5-H101
Prarm AP Pralismsaty LLT Forn Brvivlasos Tty Rt
ey L
REMDERED T
e i h
1 - Striscturiam Prodicls LP iy € hrman, B4, B
5 bk NNTE Govarnmanl Sreet Dt Dagisak, Bag. WS
Penticton, BC VA BRS Srnrmnas y
Canada Advimmind Thasbiong Srviimin - Serrvimnated ity pid | iy Covar
- ool T m
=N T
Tt gt o
m PRODUCT EWALUATED: CrtiLis" CLT Un-sealimsss Lo Searg
= e FisenCatireg Akiarnisty siouraiiins Bivihos, PO
— I_ EVALLATION PROPERTY, Fre Risslancs Semary Mrsrarch (eFicer
s | ki e Saisehnl Brees b (oeiwi! ol [ atali - Foe Broar b Hises g | e
Dol ek -
T e e o Rspert of Testing & Crosslam™ CLT Us-rsvinsinad Losd-Bearing by W id
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. reguinsments of B following ofiteris: ASTW ETP8-18a, Standand
Feul Methode for Pl Tondy of Bedding Comubruciion sed -
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FRR Design of MT
WoodWorks Inventory of Fire Tested MT Assemblies

i) WoodWorks™

WATHTeCH T T, LT

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

£ WoodWorks®

WD PRODIACTE COLRCHL

Fire-Resistive Design
of Mass Timber Members

Code Applioations, Constmiation Typas and Fire Ratings
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Structural Grid

Grids & Spans

* Consider Efficient
Layouts

* Repetition & Scale

 Manufacturer Panel
Sizing

* Transportation
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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 e —

Platte Fifteen, Denver, CO
30x30 Grid, 2 purlins per bay ..
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 §

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

30x30 Grid, 1 purlin per bay _a l
2x6 NLT | !ﬂ

Image: Mackenzie

Clay Creative, Portland, OR B u; 1.1_ . !i‘ . . ’L i



Key Early Design Decisions

Construction Type Early Decision Example

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



Key Early Design Decisions

Why so much focus on panel thickness?

_-.'.'l" -




Key Early Design Decisions

Typical MT Package Costs

= Project Overhead
m | abor
= 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

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")

> Note that |f size 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

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: 13.57x21.5”
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 e
,,,,
B < e
i

[IA— Option1 0.73 CF/SF Yes

4 There are other |mpacts of constriction type selection

(exterlor waIIs concealed spaces) that should be considered

N S v-U U.0Z LI / OF NO
9//»0,e - : 25,

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

Construction Type Early Decision Example

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 I[lIA

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



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

D = G - d Il
@sign Sulade Covers simple and complex

methods for bearing wall and
frame supported floor systems
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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
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Photo: Josh Partee



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

Photos: Simpson Strong-Tie T A e S B " Photo: LEVER Architecture



Key Early Design Decisions

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




Key Early Design Decisions

1 8.75” x 18”
(222mm x 457mm)
2 10.75” x 24”
(273mm x 610mm)
3 10.75” x 24”

(273mm x 610mm)

Fire Test Results

Connector

1 x Ricon S VS
290x80

Staggered double
Ricon S VS 200x80

1 x Megant 430

3,9051bs
(17.4kN)

16,6201bs
(73.9kN)

16,6201bs
(73.9kN)

| hr
|1.5hrs

1.5hrs




Key Early Design Decisions

EARCH INSTITUTE
Softwood Lumber Board e e e

Glulam Connection Fire Test

Summary Report

Full Report Available at:

https://www.thinkwood.com/wp-content/uploads/2018/01/reThink-Wood-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

m

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

3



Key Early Design Decisions

& KLEA
v & Enginears & Bullders
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WoodWorks Index of
Mass Timber Connections

ARCHITECTURE
URBAN DESIGN SWINERTON Fape

INTERIOR DESIGN
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N\
me

MASS TIMBER CONNECTIONS
INDEX

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




Connections

Other connection
design
considerations:

« Structural capacity
« Shrinkage

» Constructability
 Aesthetics

e Cost
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Penetrations & Firestopping

Construction Type Impacts FRR | FRR impacts penetration
firestopping requirements

714.1.1 Ducts and air transfer openings. Penetrations of
fire-resistance-rated walls by ducts that are not protected with
dampers shall comply with Sections 714.3 through 714.4.3.
Penetrations of horizonral assemblies not protected with a
shaft as permitted by Section 717.6. and not required to be
protected with fire dampers by other sections of this code,
shall comply with Sections 714.5 through 714.6.2. Ducts and
air transfer openings that are protected with dampers shall
comply with Section 717.




Penetrations & Firestopping

Code options for firestopping through
penetrations

714.4.1.1 Fire-resistance-rated assemblies. Tfirowgl pene-
frattons shall be protected using systems installed as tested in
the approved fire-resistance-rated assembly.

714.4.1.2 Through-penetration firestop system. [firoupl
penefrations shall be protected by an approved penetration
firestop system nstalled as tested in accordance with ASTM
ES14 or UL 1479, with a minimum positive pressure differ-
ential of .01 inch (2.49 Pa) of water and shall have an F rat-
ing of not less than the required fire-resistance rating of the
wall penetrated.




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

o -

Thermal insulation

Through-penetrating item with
enough clearance as to not
touch the mass timber

System Mo, C-ALZH049
F Rstlogs — 2 wasd 3 e [Sow o 1)
T Rstings — &, 2 aned 3 Hr {S4e Boraa 2 and 3)
¥ Rating « Clius 1 [Sea lems 2, and 4)
L sty ot Asmblard — Liws Thas 1 CFMWag B [Ses v 4
Fire stopping provided L Rting o1 408 F — Lawa Than 1 CFMinq R {ee Bem 4}

around through-penetrating
item, up to an appropriate
depth/thickness to account |
for anticipated/calculated FAN =
charring of mass timber [‘ -

Photos: AWC/FPInnovations/Hilti



Penetrations & Firestopping

SOUTHWEST RESEARCH INSTITUTE'
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FIRE RESISTANCE PERFORMANCE EVALUATION
OF A PENETRATION FIRESTOP SYSTEM TESTED
IN ACCORDANCE WITH ASTM  ERI4-13A,
STANDARD TEST METHOD FOR FIRE TESTS OF
PENETRATION FIRESTOP SYSTEMS

FINAL REPORT
Consisting of 18 Pages

SwRI" Project No, 01.21428,01.001s
Test Dute: September 30, 2015
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Penetrations & Firestopping

Inventory of Fire Tested Penetrations in MT Assemblies
£f WoodWorks

WOoOD PRODUCTS COUNCIL

Table 3: North American Fire Tests of Penetrations and Fire Stops in CLT Assemblies

Exposed Side Pen ctratng Pemetran i Centered & Stwted Toest -
CLT Panel Firestopping System Descript on F Rati T Ratin Source Testing Lab
Protction I or Ofiset in Hole g By s ® | Protocs '
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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 Y
= LLLLL '. 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
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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
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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 simplity 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




MEP Layout & Integration

In gaps between MT panels
 FRR impacts: generally topping slab relied on for FRR
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MEP Layout & Integration

In gaps between MT panels = _ 1 """ f'-:' 2=
« Greater flexibility in MEP layout B e e N —

k
e I - A s it ] B
. il
- J sdetall]
—_ —p —
b —— R —_ —
IEETLLLE IR
sy, T A
19
T s oy (el |
s Y
Fi 8% i, B
Pl AT T
R

Credit: PAE Consulting Engineers

Credit: WoodWorks



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)

NON RAF



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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Lateral System Choices
Concrete Shearwalls
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Credit: Hacker Architects




Lateral System Choices
Steel Braced Frame
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Lateral System Choices
MT Shearwalls
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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

2021 SDPWS
ASCE 7-22

Minimum Deslgn Loads and

Aszociated Criteria hor
Bulldings and Other Structures

Photo: WoodWorks




Acoustics & Sound Control




Acoustics & Sound Control

Finish Floor if Applicable
Concrete/Gypsum Topping

Acoustical Mat Product -

CLT Panel

Mo direct applied or hung ceiling
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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

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): NTERNATIONA
« Walls, Partitions, and Floor/Ceiling Assemblies

LD E

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

oy



Acoustics & Sound Control o
MT: Structure Often is Finish

Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman | Architect: Kaiser + PATH



Acoustics & Sound Control

But by Itself, Not Adequate for Acoustics




Acoustics & Sound Control

Solutions Paper

) WoodWorks

W FRCDUCT S COuNn

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

Acoustics & Sound Control

T R COR L CAMR DS

REPORT TO RESEARCH CONSORTIUM
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MID-RISE BUILDMINGS

Acountic Tesling af CLT and
A e e

— =g = mema

\

-
L NRETH . YRR AL T RN R
WETHL = R RNTY
Beadind
PRATHG

vyt | e et Pl iy en Py e Mae™
e e e L e

[ T o el o |7 s

1emall b S by L o Y LY

Summary =
plation in Mid-rise Wood Buil

AT

1L -

Lo -
[ FEET A PO e
Finr Tomang (07 o7 1 g oy B Mawny
T T e — rerE—
T
S | g 1| < 1 | i b b 1
M e W B 0. 0 s T Py stk 1 T
[ e N i b L L L T T TR B
Wiy chredd by b ek A1 B P
m e Tl P 1 e

e

KINETICS NOISE
CONTROL, INC.

oy [
i e i A ey e il s, b | (i ]

T T O ey e g
L ]

Bad g Tt LU —

ST T
A - e A

L
— gt

N RATT WD ST
(RS h ) e

SR TN [
i

[ R
=

EOTURENT (TR
Lol o g
Lad -0 Lt ]
TN




Acoustics & Sound Control

Inventory of Tested Assemblies

b= e isiaasas

Designing a wood building? % WoodWorks
Ask us anything. e

FREE PROJECT SUPPORT | EDUCATION RESOURCES

Acoustically-Tested Mass Timber Assemblies

Following i a st of mass imber assemblies that hane been acoustically tested as of lanuary 23, 2019. Sources are noted at the end of this
dacument. For free technlcal sistante an any questions related 1o the acoustical design of mass timber assemblies, or free technical
assistance related to any aspect of the design, engineering of construction of a commercial ar multi-family wood bullding in the LS., emall
bl piwedadwor ks org oF contact the WoodWorks Begional Derector nearest you! hittp: fanera wondworks, or g foroject- et sl ante

Cantents:

Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Skde EXPEEEE ..o e mimis i s s ss e sma s e i i i
Tabbe 2: CLT Floar Assemiplies without Concrete/Gypsum Topping, Coiling Side Expisetd..........immmmimii i simsssomsimssssos i
Table 3: CLT Fhaar Acsemblies withowt Concrete/Gypium Topping, with Wadd Slespers, Criling Side Expaied .o mmimnmnmnmenmana 3
Table 4: MLT, GLT & T&G Decking Floor Asserbies, Ceiling Shde EXposed. ..o i i s s b bt s st et s 11
Tabbe 5; Mazs Timber Floor Assemblies wilh Ceiling S ConemBled . .. .o oo cesse sttt kbt e btk sttt 14
TAEHE i SINEIE MILT WA 0y rnimsimm rms s om0 i £ et 00 0 0 00 0 00 £ 5 1 1 0 0 S0 1 0 ST 0 B U G R ]
Tobhe B2 DauB e LLY T .o i i e v s s s o s i w3 e o i 4 1 i 29

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



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™

inish Floar if Applicabie
oncrete/ Gy psurn Toppdng

coustical Mat Produsct e B o Bl 5 Bl o B O o e e e S R S e H S R ek ek Sk B e

CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floor sTC! lc: Source
Topping
None 47 ASTC 47 AlIC
T - 49 AlIC
Carpet + Pad - 75 AllC
Maxsan Acousti-Mat® 3/4 o Apoisti-Top® : 522 AliC
1-1/2" Gyp-Crete® Eng Wood on Acousti- , 1
- 51* AlIC
Top® '
MNone 49 ASTC 45 AlIC
Maxxon Acousti-Mat® 3% Premium VT - 472 AlIC
LVT on Acousti-Top® : 497 AlIC
MNone 455 396 15
VT 48° 475 16
T LVT Plus 48° 495 58
{E.E?SE'T SRERIM S e | Eng Wood 47° 47" 59
Carpet + Pad 45" 67" 60
Ceramic Tile 50° 46" 61
None 458 428 15
1.1 9% | aralemel® AT e AAE T




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 FRODUCTS COUNTIL

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

Mass Timber Cost and
Design Optimization Checklists

WoodWoaorks has developod the following checkilsts to assist
in ther design and cost eptimization of mass timber projects.
Tha gesgn opnmaanon checldsis are intended for building
detghers [Eehnncts and angersseds), BUT iy of 1R et
shouid plsn be distussed with the tabncatons end bulders. The
Whead Toam Paskinad
SO apiemranon chackiats will haln puites ConTnNason DeTvwiman Ciaet Lisin
designacs: and Duilders {pansdil cCONERSINNE, CORSIMICHGN MANMQEIES,
ostimators, tabricabrs, instaflocs, oic) as they ane estimating and

Ak GOS8 -nitaied OeCISI0nSE ONn 8 Mass bmDar piopacL

hlas] fisdurces hibed v s
papar can ba found on the
WroodVioks wedsie Ploase

dae 1he and rotes S LIRLS



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 Capabllities
Understand Supply Chain
Optimize Grid
Take Advantage of Prefabrication & Coordination
Expose the Timber
Discuss-Early with AHJ
Work with Experienced People
Let WoodWorks Help for Free
Create Your Market Distinction




Questions? Ask us anything.

Momo Sun, PE, PEng
Regional Director | NY, NJ, PA

(857) 242-8975

momo.sun@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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