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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 (IBC) 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.



HEAVY TIMBER MASS TIMBER

Federal Center South, Seattle, WA Bullitt Center, Seattle, WA
Photo: Benjamin Benschneider Photo: John Stamets




Mass Timber Gravity Framing Systems
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Mass Timber Gravity Framing Systems




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

Beams & columns Solid sawn laminations SCL laminations (MPP)

Photo: Freres Lumber

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

Plank orientation

Photo: StructureCraft Photo: Think Wood



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
Beam & Column (Grid) Layout Connections
Exposed Timber (where & how much) Penetrations

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



Key Early Design Decisions

Significant emphasis is 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 installation




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 | *v
from the start




Key Early Design Decisions

One potential design route:

1. Building size & occupancy

N7 T
influences construction type & grid 55 . \fﬁmg @‘;
layout NI L’!__%

2. Construction type influences fire
resistance ratings

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

But these are not the only decisions
that have to be made...




Key Early Design Decisions

Other impactful decisions:

Acoustics can influence member sizes
(and vice versa)

Fire-resistance ratings influence
connections & penetrations

MEP layout influences the use of
concealed spaces

Miller Hull Partnership, photo: John Sta



Key Early Design Decisions

Other impactful decisions: | I "
« Grid layout influences efficient E%I.!Il--n-:

[ 1 1 1 | .

spans, MEP layout

 Manufacturer capabilities influences
member sizes, grid layout &
connections

« Lateral system choice influences
connections, construction
sequencing

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



Key Early Design Decisions

Where do we start?

TIME TO

START

1 DeHaro; Perkins & Will, photo Alex Nye



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/CBC Table 504.3)
A, B, R 270 180 85 85 85 85 70 60
Allowable Number of Stories above Grade Plane (IBC/CBC Table 505.4)
A-2, A-3, A4 18 12 6 4 4 3 3
B 18 12 9 6 6 4 4
R-2 18 12 8 5 5 5 4 3
Allowable Area Factor (A;) for SM, Feet? (IBC/CBC 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

2021 IBC




Key Early Design Decisions

Fire-Resistance Ratings (FRR)
* Driven primarily by construction type

 Rating achieved through timber alone or non-combustible
membrane protection (or both)?

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
I — TYPEI TYPE Il TYPE lli TYPE IV TYPEV
A B A B A B A B C HT A B
Primary structural frame’ (see Section 202) R b oL I L I L I L 0 3* 2 2 HT 1%« 0
Bearing walls
Exterior™* 3 2 1 0 2 2 3 2 2 2 0
Interior 3 » 1 0 1 0 3 2 2 I/HT® 1 0
Nonbea{ing walls and partitions See Table 705.5
Exterior
Nonbearing walls and partiti See
P oo oo o|o|o| o0/ sSetion|o0]o
2304.112
Floor construction and associated secondary
structural members (see Section 202) 2 2 1 0 1 0 2 2 2 HT 1 0
Roof construction and associated secondary 1,b b be . b 1 b
structural members (see Section 202) 1 1 0 1 0 | 14 1 1 HT 1 0

2021 1BC



Key Early Design Decisions

Flre-ReS|stance Ratings (FRR)

Thinner panels (i.e. 3-ply CLT) generally have difficulty achieving
a 1+ hour FRR

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

« Construction Type | FRR | Member Size | Grid Layout (each
impacts the other)

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




Construction Types

When does the code allow mass
timber to be used?

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

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

IBC

INTERNATIONAL
BUILDING




Construction Types

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

Construction Types | & II:

All elements required to be non-combustible materials (with a few
exceptions)



Construction Types

All wood-framed building options:

Type lll
Exterior walls must be:non-combustible (may be FRTW)

Interior elements can be anything allowed by code, including'mass timber

Type V
All building elements can be anything allowed by code, including mass timber

Types lll and V are further subdivided into A (protected) and B (unprotected)

Type IV-HT (Heavy Timber)
Exterior walls must be non-combustible (may be FRTW or CLT)

Interior elements must qualify as Heavy Timber (min. prescriptive sizes, no
concealed spaces for 2018 IBC or earlier)




Construction Types

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

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

x| Columns| 8x8 62/4sx 8% 7x7%
o
w | Beams 6 x 10 5 x 10% 5% X 9%
« | Columns 6x8 5x 8% 5% x7%
o
o
© | Beams* 4x6 3X6'/s 3% X 5%

Minimum width by depth in inches
See IBC Sec. 602.4 & 2304.11 for details

*3” nominal width allowed where sprinklered



Construction Types
Type IV-HT concealed spaces

Prior to the 2021 IBC, Type IV-HT provisions prohibited concealed
spaces

1 3(F COMNCEA_ED FACE CONTCEALTD SPACE
TG (FLOOR) T&G FLANK FLODR CR ROOF

k FRAMED OR GLUZD-LAMINATEC MENBER DRYWALL Wl L BOARD, FTC DRYWALL OR SIMILAR SIDING
FLCCRS 6 x 1O (MM}
ROQFS § 13 MIN.: SHEET METAL DUCT

PROHIEI = NS AL M
PCRMITTCD INSTALLATICH

CONCEALE CC

FINIEH FLOORING

SUSEENDED CEILING COMNCEALERSRACE

Credit: IBC



Construction Types

Concealed Spaces Solutions Paper

Richard MclLain, PE, SE
Senvor Technicol Director - Talt Wood

WoodWorks ~ Wood Products Councll

Concealed Spaces in Mass Timber
and Heavy Timber Structures

Concealed spaces, such as those created by a dropped
celling in a foor/celing assembly or by a stud wad assembly,
have unique reguirements in the International Building
Code (1BC) 10 address the potential of fire spread in non-
visible areas of a bullding. Section 718 of the 2018 1BC
Includes prescriptive requirements for protection andlor
compartmentalization of concealed spaces through the use
of draft stopping, fire blocking, sprinklers and other means.
For information on these requirements, see the WoodWorks
QLA Are sprinkiers required in concealod spaces such os
Aoor ond roof covilies in mult-fomily wood-frame dulidings?'

For mass timber bullding elements, the choice of
construction type can have a significant impact on concealed
space requirements. Because mass timber products such as
cross-laminated timber (CLT) are prescriptively recognized
for Type IV construction, there is a common misperception
that exposed mass timber buliding elements cannot be used
or exposed in other construction types. This is not the case.

In addition to Type IV bulldings, structural mass timber
elements —inciuding CLT, glue-laminated timber (glutam),
nail-laminated timber (NLT), structural composite lumber (SCL),
and tongue-and-groove (TEG) decking—can be utilized and
exposed In the following construction types, whether or not

a fire-resistance rating Is required

+ Type Il - Flooes, roofs and imerior walls may be any material
permitted by code, including mass timber, exterior walls are

required 1o be noncombustible or fire retardant-treated wood,

« TypeV - Floors, roofs, Interior walls and exterior walls
(i.0.. the entire structure) may be constructed of mass timber,

.

Types | and Il - Mass timber may be used in select
clrcumstances such as roof construction —including the
primary frame In the 2021 1BC —in Types |-B, II-A or II-B;
exterior columns and arches when 20 feet or more of
horizontal separation is provided, and balconies, canopies
and similar projections.

INTRO, Cleveland | Cieveland, Qnilo
Harbor Bay Real Estate Advisors
HPA Archin

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

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

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

Concealed Spaces Timber Structures.pdf



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

Construction Types New Options in the 2021 IBC

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

Office —~2701t. ]
Assembly (18 stories) S p rl n kl e rS
Residential —
Office
Mercantile Assembly - 21820 sf:bries)
(12 stories) — Residential —
Office - —85ft.
Mercantile (9 stories) — | (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C |




Fire Design

Construction Type influences FRR requirements

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

Method of demonstrating FRR can impact member

sizing

..........

Towtong L

TEST REPORT

Amorican Wood Councll

]




Fire Design

What are the methods for demonstrating FRR of MT?

1. Calculations in accordance with IBC Sec. 703.2.2 & 722
=—»> NDS Chapter 16

2. Tests in accordance with ASTM E119

Unexposed surface

deff = 1-zachar
Solid wood with Char zone
full strength

Credit: Urban One

Fire exposed surface

-1 NA.



Fire Design (NDS Chapter 16)

ST

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,. =pt*%" Solid Sawn, Glulam, SCL

0.813

achar = nlam hl.';lm + Bt (t —(nlam tg| )) CLT

b ‘\ aeff - 1'2achar EffeCt|Ve Char Depth

Credit: Forest Products Laboratory




Fire Design (NDS Chapter 16)

AWC'’s TR 10 is a technical design guide, aids in the use of NDS
Chapter 16 char 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 qwe=80 psf and queas=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 + Qive) = (30 psf +80 psf)(1ft width) =110 plf/ft of width

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

Calculating the From PRG 320, select a 5-ply CLT floor panel made from 1-3/8 in x 3-1/2 in. lumber boards (CLT

Fire Resistance of thickness of 6-7/8 inches). For CLT grade V2, tabulated properties are:
P| Wood Memb.ers Bending moment, FuSeo = 4,675 ft-Ib/ft of width (PRG 320 Annex A, Table A2)
1 and Assemblies

Technical Report No. 10 Calculate the allowable design moment (assuming Cp=1.0: Cn=1.0: C=1.0: C.=1.0)
‘ Ms' = Fu(Serr)(Co)(Cm)(Ci)( Cu) = 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-1b/ft > 4,455 ft-b/ft v
AMERICAN (note: serviceability check is not performed to simplify the design example, but should be done in typical
WOOD structural design).
COUNCIL

Source: AWC’s TR 10



Fire Design (Tested Assemblies)

« Many successful Mass Timber ASTM E119 fire tests have been
completed by industry & manufacturers

Prepared by: oo -

Roviewsd by

L] Nex
[‘ ‘ Fire Testing =
3 Laboratory To:t;n:llj‘u:rl:m
NGC s
TEST REPORT Page 1 of 53

for
American Wood Council
222 Catoctin Circle SE, Sulte 201
Leesburg, VA 20175

Standard Methods of
Fire Tests of Bullding Construction and Materials

ASTME 119 -11a

Test Repon N WP 1050

Assgnment No
Sutject Material: Cross-Laminated Timber and Gypsum Board Wall Assembly (Load-Bearing
Test Date Oclober 4, 2012

Report Date October 15, 2012

Michas! J, Ridag”
Test Engineer

/// | V/ L e

Robekt J. Merchett
Divecior, Laborptory Facilties and Testing Services

BT epOAed N PNE J0CUTIT S5 T SRS LETGIeN BAITVIRG L Ve s wmerd

0 EPOrAAIDY I MAST ST Kn SRAIIACA f By TN Secwr

Tl (RGO Ty ek D GRS SRCHTE P NS wT s T wen sporoval of B letceony
The letoraiory's Wet sap0ort I8 MO wity CONEIRARS Or Engien prodiuct Cammication, approwal o
sndoraamant by va esonsory

TEST REPORT

Intertek

REPORT NUMBER: 102891256SAT-001
ORIGINAL ISSUE DATE: February 27, 2017
REVISED DATE: N'A

EVALUATION CENTER
16015 Shady Falls Road
Elmendor, TX 78112
Phone: (210) 635-8100
Fax: (210) 635-8101
www.intertek, com

RENDERED TO

Structurlam Products LP

2176 Government Street

Penticton, BC V2A 8B5S
Canada

PRODUCT EVALUATED: CrossLam™ CLT Un-restrained Load-Bearing
Floor/Ceding Assembly
EVALUATION PROPERTY: Fire Resistance

Report of Testing a CrossLam” CLT Un-restrained Load-Bearing
Floor/Ceiling A bly for plk with the applicable

qul ts of the following criteria: ASTM E119-16a, Standard
Test Methods for Fire Tests of Bullding Construction and

Mabncdade wwmd SAMANE S CIAd Coccdaved Moshode o8 Elae

FPInnovationsQ‘\)
Project No. 301006155
Final Report 201213

Preliminary CLT Fire Resistance Testing Report

by

Lindsay Osbome, M.A Sc.
Christian Dagenais, Eng., M.Sc
Scienists
Advanced Building Systems — Serviceability and Fire Group

and
Noureddine Bénichou, Ph.D

Sensor Rescarch Officer
National Rescarch Council of Canads - Fire Research Resource Centre

July 2012




Fire Design (Tested Assemblies)
Inventory of Fire Tested MT Assemblies

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

WOOD PRODUCTE COUNTIL

% :
4 WOODWORKS

Fire
Mass Timber CLYT Grade or Resistance
Manufacturer . Ceiling Protection Pasel Conncction Floor Topping Load Rating Source Testing Lab
Panct Timber Grade Achicved e
(Hours)
J-ply CLT SPF 1650 Fb 1.SE MSR Roduced | . -
) : B g : NRC
{114zmem 4,458 ) N L SPEW3 2yes 1" Type X gt o o 6% Moezent Capacity : (Text 1) T
3.y CLT - B 2 : Roduood 1 S
{105 smen 4,133 in) Structurken SPF 5182 x SPF ¥L'2 1 layer S8 Type X gypotsem Hall-Lap Noec 7% M 1 Capacity I (Toxt 5 NRC Fuc Laborastory
S.ply CLT : , = Leaded g 2 NRC Fire Laborstory
(17 Sezem 6.875") e = wE | Sec Marmsfactuarcr s : March 2016
A% Type X gypeam coner 2~ .
S-ply CLT ) e rincion 5 ) Loaded, NRC Fire Laborstiory
(17 Semem 6.8757) Noedic El chnnhaﬂ::::‘:udl.\l Topade Splisc 2 weggpered layes of 12" coment boands See MarmE 2 5 Nov 2014
S-ply CLT 14 in. proprictary gypercie over Maxum Roducad 2
A y c El Nene T LS i U
(17 Seeem 6.875%) Nordic e acoantical mat S0r% Moezenl Capacty -
S-ply CLY 5 ) . 34 in proprictary gypercic over Maxum Roducad .
{1750 6.875%) N = Ll SN | gypusm Tey pliae scoustical mul or proprictary soend board S0 Moezent Capuactry 2 s =
1 lyer &5 Type X gyp under Rowducre
Sy QX Noedic El Charmat ender 7 78" ket with 3 1/ Half-Lap Nase Louded, 2 21 Rtk
| 17 5emen 6.375%) Manerat ool bewees 3 Sec Mars factiurer £242012
S.ply CLT EIMS 1-1/2* Masxen Cyp-Grele 2000 over Londod, = : e
(17Seeem 6.875") Se—— MSR 2100 x SPF #2 Dot T T Maxsce Reisforcng Mok Sec Marfxcturey - ° S
S-ply CLT Halflsp & Loaded,
. DR Johizacn Vi Nene o 2 7 S M 16
(17Senem 6.875") Topede Splisc Epm ppeg Scc Marss facturcy Ay
S-py CLT SPF 1950 Fe MSR Roduced I Pl
: : < NRC Fure Laborstory
(17Senem 6.875") N « SPF A3 N i - SI% Moeent Capacity = (Text 3) o )
S-ply CLT ) . . LUsreduced I At S
(17 Sezem 6.875%) Structurken SPF 51La2 x SPF ¥L'2 1 layer S¥” Type X gypotsen Half-Lap Nose 101% M C y 2 (Tt 6) NRC Fuc Laborastory
=
T.ply CLT = -3 i Usraduced i 1 e
(248 9457 Structurken SPF 512 x SPF VL2 Neoe Half-Lap one 101% M p . 2.8 (Tet T RC Fuc Laborastory
LA MY | o N "m et B




Fire Design

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
 NDS Chapter 16 Calculations:
« Can provide more design flexibility
« Allows for project span and loading specific analysis



Fire Design

Rcraro McLan, PR SE

Scorx Qrecaean, P10, PE. S5

Fire Design of
Mass Timber Members

Code Applications, Construction Types and Fire Ratings
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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
head height

Building occupancy and configuration (i.e.
central core vs. double loaded corridor)
Grid layout and beam orientation

Need for future tenant reconfiguration
Impact on fire & structural design:
concealed spaces, penetrations




MEP Layout & Integration

Dropped below MT framing

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

Credit: Alex Schreyer



MEP Layout & Integration

Penetrations through beams
* Requires more coordination (penetrations)

« Bigger impact on structural capacity of penetrated members
* Minimal impact on head height

- > - T ~ - .
- - - — e T -
e - -
S > — - -

- |
- __.-l_.,
|




MEP Layout & Integration

Raised access floor (RAF) above MT

* Aesthetics (minimal exposed MEP)

* More efficient MEP system

* Impact on head height

« Concealed space code provisions apply

e

e
r: —

| | = :i-”
; Ll JIUH TS
i . - "“'ﬁ_. Ll

Credit: BOKA Powell : Credit; Global IFS






Structural Grid

Column & Beam
Layout

 Consider Efficient
Layouts

* Repetition & Scale

 Manufacturer Panel
Width, Length &
Thickness
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Structural Grid
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 (Consider Efficient

Layouts
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Structural Grid

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

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

Platte Fifteen, Denver, CO
30x30 Grid, 2 purlins per bay
3-ply CLT

Image: JC Buck




Structural Grid

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

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
30x30 Grid, 1 purlin per bay
2x6 NLT

Image: Mackenzie




Structural Grid

Why so much focus on panel thickness?

-
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Structural Grid

Cost breakdown
of a Turnkey Mass
Timber Package

= Project Overhead

m Equipment

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



Structural Grid

Construction Type Early Decision Example g ‘

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 IlIA

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



Structural Grid

Construction Type Early Decision Example

........ o T

3-story building on college campus

Cost Impact of Assembly Occupancy Placement:

Location of Event Space mm

Construction Type [I-A 11I-B
Assembly Group A-3 A-3

Fire Resistive Rating 1-Hr O-Hr
Connections Concealed Exposed
CLT Panel Thickness 9-Ply 3-Ply

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

Source: PCL Construction



Connections

Connection design
considerations:

« Structural capacity
« Shrinkage

« Constructability

* Aesthetics

« Cost




Connections

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

\

L
Photo: Alex Schreyer Ph’oto: Structdifiay Photo: Christian Columbres



Connections

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




Connections

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

temperature exposure




Connections

S KL&A

Engineers & Builders

ARCHITECTURE

WoodWorks Index of
Mass Timber Connections

URBANDESIGN  SWINERTON X%
INTERIOR DESIGN MASS TIMBER "y

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. |
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Penetrations & Firestobping

T




Penetrations & Firestopping

Option 1: Mass timber penetration firestopping via tested products




Penetrations & Firestopping

Inventory of Fire Tested Penetrations in MT Assemblies

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

TOP VIEW SECTION A-A
——, L oh L Lol

CLT-0-0

CROSS-SECIIONAL VIEW

: I T
R | ‘ CK [ \U \J
TN
/AN
l g \ 7+ luniuumn
Z AT n 1 _‘- |
i = %

l LR EIA RN R Y / AL
\ PLLIRLLLIRELLY - ak

VA — — — e gt

", —t ot et

1

1.3-PLY CROSS LAMINATED TIMBER FLOOR ASSEMBLY (MINIMUM 3" THICK) (1-HR. FIRE-RATING). %

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

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 (M|N|MUM 12" THlCK) (1-HR. OR 2-HR. F|RE-RAT|NG).
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 (M|N. 4 PCF DENS'TY) 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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Acoustics & Sound Control

|

1 | |
Air-Borne Sound: Airbormia
Sound Transmission Class (STC) Soime ' e —
) . S~ ransmiss
 Measures how effectively an assembly isolates » through wall
air-borne sound and reduces the level that
passes from one side to the other
« Applies to walls and floor/ceiling assemblies - \\

Separating assembly

Structure-borne sound: ; :
Impact Insulation Class (lIC) . e
« Evaluates how effectively an assembly blocks

impact sound from passing through it
*  Only applies to floor/ceiling assemblies S




Acoustics & Sound Control

Code requirements only address residential occupancies:

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

Min. STC of 50 (45 if field tested):

BUILDING
CODE

« Walls, Partitions, and Floor/Ceiling Assemblies ST

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

AN
ARN
-l




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
6
SIS 4-1/4" with 3/4" plywood 29 with 3/4" plywood N/A
5-1/2" bare NLT 22 bare NLT
6
DO N el 6-1/4" with 3/4" plywood 31 with 3/4" plywood A
2x6 NLT floor + 1/2" plywood? 6" with 1/2" plywood 34 33

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



Acoustics & Sound Control

Concrete Slab: CLT Slab:

6" Thick 6-7/8" Thick



Acoustics & Sound Control

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

— 1 Add mMass
2. Add noise barriers
— 3. Add decouplers

Finish Floor if Applicable

Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling




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

Inventory of Acoustically Tested MT Assemblies

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

¢

Finkkh Floor if Applcable

Concrete/Gypsum Topping .. feaen
Acoustical Mat Product T 11 131 3 23 L 1 SN T P P I I 71 38 °°F P 11 11 117 T 13 53
| 1 3 U= |
y 2l | | | | | | |
CLT Parwd
No direct applied or hung celling = l I l ] l l l
CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floor sTCt nct Source
Topping
Oi;;,‘;" 3" concrete Maxxon Acousti-Mat® 3/4 None 53 ASTC 45° Fuc 72
None 54 44 89
LVT on GenleMat RSTOS 53 48 90
2" concrete Pliteq GenleMat™ FF25 Eng Wood on GenleMat 53 46 01
RSTOS
Carpet Tlle 52 50 92
None 57 45 103
LVT - 58 104
2 layers of X" USG
Plhanomadl s Wit o - er e TS




Key Early Design Decisions

Early Design Decision Example

7-story, 84 ft tall multi-family building

Parking & Retail on 15t floor, residential units on floors 2-7
NFPA 13 sprinklers throughout
Floor plate = 16,800 SF

Total Building Area = 117,600 SF

NERAEONTTIRETTH
I\ I &
A

' A

“Credit: Monte French Design Studio



Key Early Design Decisions

Early Design Decision Example

7-story, multi-family building, typ. floor plan:

|
. : #
e | 1
f
- — ——

240°

<€ >

30°
«—>

«— 30x32 typ. unit

Corridor




Key Early Design Decisions .,
Early Design Decision Example

MT Construction Type Options: e be ST
« 7 stories of IV-C
« 5 stories of IlIA over 2 stories of IA podium
« 5 stories of IV-HT over 2 stories of I1A podium




Key Early Design Decisions

Early Design Decision Example

P Ay )
. - - S =5 C : ':’3:)5 , R
MT Construction Type Options: - ~ *’Cﬁaaﬁ:“Mo_nl'e’F‘reﬁéﬁ"D
e [ 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

Materials are mass timber or non-combustible (no light-frame wood
permitted!)



Key Early Design Decisions

Early Design Decision Example

Type IV-C Grid Options = e

° Opt|on 1 240; == 48 _C_I;é-dlt MoneFrench De3|n Studlo
30’°
<>

<—7 Beams at 15’ o.c. (align w/ unit
demising wall)

+«—— Shallower beams at corridor

MT floor panel span
+«— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

Type IV-C Grid Options = e

° Opt|on 1 240; == 48 _C_I;é-dlt Monte French De3|n Studlo

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

«——— Shallower beams at corridor
[ | [ |

] MT floor panel span

+«— Typ. MT Panel




Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options
* Option 1 240’

+«— Typ. MT Panel

Main MEP lines in corridor below
shallower beams

«—— MEP branches in each unit

:
T !

, &
"~ Credit: Monte Frenc

h

'*J‘ i-L.

- -

Design Studio



Key Early Design Decisions

Early Design Decision Example

Type IV-C Grid Options || ”

By D
° Opt|on 1 ) 240; . = _Cr’(-?dlt Monte French De3|n Studlo

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

Type IV-C Grid Options
e QOption 2 240’

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

panel span

No beam at corridor

MT floor

+«— Typ. MT Panel

i g

redlt Monte French DeS|n Studlo



1

Key Early Design Decisions

Early Design Decision Example

Type IV-C Grid Options LR

° Opt|on 2 240; -4 4 _Cr—eEht m?lrench Desfn_;t_uaf)
30’°
<>

MEP branches in each unit
Beam penetrations at all beam lines

/ Main MEP lines in corridor

+«— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

-

MT Construction Type Options: V I mo—ngreaéﬁ’é

« 5 stories of IlIA over 2 stories of IA podium

Implications of Type IllIA:

1-hr FRR

5-ply CLT, maybe thinner

2-story Type |A podium required

Can use light-frame wood for interior walls (FRT light-frame wood for
exterior walls)

If wood portion is <65 feet, light frame wood shear walls are an option



Key Early Design Decisions

Early Design Decision Example

Type llIA Grid Options R

e Can use beams or bearing walls — . Cradit MoneFrench DeS|n Studlo
for gravity support

Beams or bearing walls at 15" o.c.
; (align w/ unit demising wall)

MT floor panel span

+«— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

MT Construction Type Options: —— aw}—eamo—nrgreaéﬁ%esinéijdio

« S stories of IV-HT over 2 stories of IA podium

Type IV-HT in Group R Occupancy:

« Separation walls (fire partitions) and horizontal separation (horizontal
assemblies) between dwelling units require a 1-hour rating.

* Floor panels require a 1-hour rating in addition to minimum sizes

« Essentially the same panel and grid options as |lIA

Ref. IBC 420.2, 420.3, 708.3, 711.2.4.3



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-

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

Mass Timber Cost and
Design Optimization Checklists

WoodWorks has developed the following checklists to assist
in the design and cost optimization of mass timber projects.
The design optimization checklists are intended for building
designers (architects and engineers), but many of the topics
should also be discussed with the fabricators and builders. The
cost optimization checklists will help guide coordination between ?{;-;-Iz:j;dml
designers and builders (general contractors, construction managers,

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

making cost-related decisions on a mass timber project.

Most resources listed in this
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
https://www.woodworks.org/wp-content/uploads/wood_solution_paper-Mass-Timber-Design-Cost-Optimization-Checklists.pdf

R

Keys to Mass Timber Success:
Know Your WHY
Design it as Mass_Jimber From the Start
Leverage Manufacturer Capabilities
Understand Supply Chain
Optimize Grid
Take Advantage of Prefabrication & Coordination
Expose the Timber
Discuss Early with AHJ
Work with-Experienced People
Let WoodWorks Help for Free




WOODWORKS
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Mike RomanowskKi,

Regional Director | CA-South, AZ, NM

619.206.6632

._l.

mike.romanowski@woodworks.org
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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 2023

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.




