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this presentation.



Course Description

Mass timber is often attached to the stigma of being more expensive than other building materials. Because of
this, some people assume it only makes sense for one-off projects where innovation is celebrated but
repeatability is not. Is this true, or do its other benefits result in overall cost efficiency? If it is true, how can we
expect to build the number of new housing units needed across our country in a sustainable and affordable
manner? Typical multi-family housing developments are in the range of 4-6 stories, often utilizing podium or
pedestal construction with 1-2 stories of steel and concrete topped with 3-5 stories of light wood framing.
Beyond these heights, building codes have historically required steel or concrete framing and, to justify the
added costs of these materials, projects often go much taller. This has created a critical gap in housing
developments in the range of 6-12 stories. Can mass timber multi-family projects make financial sense in the
4-6 story range, used in conjunction with light wood-frame systems? What new opportunities will the 2021
International Building Code create for mass timber housing in the 6-18 story range? This presentation will

answer these questions and much more.



Learning Objectives

1. Evaluate the code opportunities for mass timber structures in residential mid-rise projects.

2. Discuss code-compliant options for exposing mass timber, where up to 2-hour fire-
resistance ratings are required, and demonstrate design methodologies for achieving these

ratings.

3. Review code requirements unique to hybrid mass timber and light-frame housing projects,
and emphasize solutions for criteria such as construction type, fire-resistance ratings and

acoustics design.

4. Highlight the unigue benefits of using exposed mass timber in taller multi-family buildings.



OVERVIEW | TERMINOLOGY

Light-Frame Wood Heavy Timber Mass Timber
Photo: WoodWorks Photo: Benjamin Benschneider Photo: John Stamets



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

Beams & columns Solid sawn laminations SCL laminations

Photo: Freres Lumber

Photo: StructureCraft Photo: LendLease
Photo: LEVER Architecture



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

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft

Photo: Ema Peter
Photo: StructureCraft



Common CLT Layups

Most Designs 3-ply 3-layer
Least $/sf _J
5-ply 5-layer
7-ply 7-layer
9-ply 9-layer

6 7/8”
(common for
multi-family)

Max Length
24 to 64 feet*

Max Width
4 to 12 feet*

*All dimensions are approximate.
Consult with manufacturers.



Framing Options for Mass Timber Multi-Family

Mass Timber Floors & Roofs Mass Timber Floors & Roofs
on LWF Bearing Walls on Mass Timber Bearing Walls

Credit: KL&A Engineers & Builders Credit: Grey Organschi Architecture and Spiritos Properties



Framing Options for Mass Timber Multi-Family

Mass Timber Floors & Roofs Mass Timber Floors & Roofs
on Post & Beam Framing on Posts (Flat Plate)

Credit: ADX Creative and Engberg Anderson Credit: acton ostry architects






Mass Timber in the IBC: Cross-Laminated Timber (CLT)

» CLT was first recognized in the 2015 IBC

» CLT in the 2021 IBC:
» Chapter 2: Definitions

[BS] CROSS-LAMINATED TIMBER. A prefabricated engi-

neered wood product consisting of not less than three layers of
solid-sawn lumber or structural composite lumber where the
adjacent layers are cross oriented and bonded with structural
adhesive to form a solid wood element.

» Chapter 23: Wood

2303.1.4 Structural glued cross-laminated timber. Cross-
laminated timbers shall be manufactured and identified in
accordance with ANSI/APA PRG 320.




Construction Types — Allowable Materials

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

7-1,(000

RTW CLT (protected) EIETT\(AF/)F(;;XQ) Any wood

Exterior Wall  Non-
Material combugtible

Interior Non-
Elements combuktible

combustlble

Heavy
Timber

Non-
combustible

Any wood Heavy Timber Any wood




Construction Types I-B, 11-A, 11-B

Where does the code allow wood
to be used?

» Mass Timber Roof Construction

» |IBC/CBC Table 601, Footnote c:

» In all occupancies, heavy timber complying
with Section 2304.11 shall be allowed for
roof construction, including primary
structural frame members, where a 1-hour
or less fire-resistance rating is required.

Wellesley College, Wellesley, MA



Low and Mid-Rise Construction Types

Type I

» Exterior walls non-combustible
(may be light frame FRTW)
» Interior elements any allowed by code

Type V
» All building elements any allowed by code

Type IV-HT

_

Types Il and V can
be subdivided:

» A (protected)
» B (unprotected)

» Exterior walls non-combustible (may be FRTW OR CLT)

» Interior elements qualify as Heavy Timber

» All light-frame wall (even non-bearing) require 1-hour rating




Construction Types — Allowable Materials

Exterior Wall  Non- Non- FRTW (LF, MT),

Material combustible  combustible W CLT (protected) | o1 (yrotected) MY WOOO
Interior Non- Non- . Heavy

Elements combustible | combustible nYWeed  HeavyTimber o Any wood



Construction Types V-A, V-B

Star Lofts, Des Moines, |A
Type V Construction:

» Interior Elements (Floors, Roofs,
Partitions/Shafts, Etc.)

» Any material permitted by code, including light
frame and mass timber

» Exterior Walls

» Non-combustible walls: light-gauge steel,
curtainwall systems

» Light-frame walls

» Mass Timber



Construction Types — Allowable Materials

, (000

Exterior Wall  Non- FRTW (LF, MT),

Material combustible combust|ble FRTW CLT (protected) | or (yrotected) MY WOOO
Interior Non- Non- . Heavy
Elements orbustile | sems || 0 eRel RS Any wood




Construction Types IlI-A, I1I-B

: The Canyons, Portland, OR
Type Ill Construction: y

» Interior Elements (Floors, Roofs,
Partitions/Shafts, Etc.)

» Any material permitted by code, including
light frame and mass timber

» Exterior Walls

» Non-combustible walls: light-gauge steel,
curtainwall systems

» FRTW light-frame walls



Construction Types — Allowable Materials

FRTW (LF),
CLT (protected)

Exterior Wall Non- Non-
Material combustible combustible

Heavy
Timber

Interior Non- Non-
Elements combustible  combustible

Any wood Heavy Timber



Construction Types IV-HT and IV-A, B, and C

7*9#(08: ; /(Construction:

»

»

Interior Elements

» Mass timber, non-combustible,
or 1-hour rated light-frame walls

Exterior Walls
» Non-combustible

» CLT covered at exterior face with
FRTW or noncombustible sheathing

» FRTW walls (light-frame)

The Soto, San Antonio, TX

The Soto, Hixon Properties, Lake|Flato, BOKA
Powell, StructureCraft, Photo Erika Brown Edwards



Tall Wood Code Provisions:
Construction Types IV-A, B, and C

7*9#(08:6 7*9#(08:<

g

2

o

a

S

[N

8

I

<

[a
18 STORIES 12 STORIES
BUILDING HEIGHT 270 BUILDING HEIGHT 180’
PER STORY AREA 324,000 SF PER STORY AREA 216,000 SF
BUILDING AREA 972,000 SF BUILDING AREA 648,000 SF

Photos: ©Prakash Patel
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9 STORIES
BUILDING HEIGHT
PER STORY AREA
BUILDING AREA

85’
135,000 SF
405,000 SF

Monte French Design Studio, Photos: Jane Messinger



Construction Type — Primarily based on building size & occupancy

Construction Type (All NFPA13 Sprinklered Values)
IV-A IV-B IV-C IV-HT l-A ll-B V-A V-B
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
R 270 180 85 85 75 70 60

Allowalgle Number of Stories above Grade Plane (IBC Taple 505.4)
R-2 18 12 5 5 5 4 3
Allgwable Area Factor (At) for SM, Feet? (IBC Table §06.2)

R-2 184,500 | 123,000 36,000 21,000




CALIFORNIA SPECIFIC: CBC Size Limits

CBC has historically not allowed “double-dipping” for sprinkler increases of building
area and height for occupancies A, E, H-4, H-5, |, R-1 and R-2

Also, for multi-story buildings that are occupancy group A, E, H, |, L or R, the total
building area is equal to the allowable floor area multiplied by the number of stories
not to exceed 2. In IBC, this value is not to exceed 3.

VS.

Larger Area Taller



CALIFORNIA SPECIFIC: CBC Size Limits

For example, if using sprinkler ="#=%?"#=3%#$, allowable height is @AB&(=%" (C(
$D"* (E#$S(8F=%(0<3(G=H([E>G$(for occupancies A, E, H-4, H-5, |, R-1 and R-2

TABLE 504.4—continued
ALLOWAEBELE NUMBER OF STORIES ABOVE GRADE PLANE>""
CCCUPANGY TYPE OF CONSTRUCTION
Type | Type if Type I Type iV Type V
CLASSIFICATION
See Footnotes A B A 2 A B A B c T A B
NS¢ 1L 11 4 3 2
4 4 4 4 4 4 4
RLgh SI3R 4 4 4 4 3
- S (with height increase)| UL 12 5 5 5 5 18 12 8 5 4_1 3
S (with area increase) UL 77 4 7 4 y 77 77 7 . \ 2
"\ Special V-A
allowance
NS N . .. . .
S uL | oL | 24.000 | 16.000 | 24,000 | 16,000 | 61500 | 41.000 | 25,625 | 20,500 | 12.000 | 7.000
R-2" S1 UL | UL | 96,000 | 64,000 | 96.000 | 64.000 | 246,000 | 164.000 | 102.500 | 82,000 | 48.000 | 28.000
SM (with area increase)s| UL | UL | 72,000 | 48,000 | 72,000 | 48.000 | 184,500 | 123,000 76,875 | 61,500 | 36.000 [21.000
SM (with height increase) | UL | UL | 24,000 | 16.000 | 24,000 | 16,000 | 61.500 | 41.000 | 25,625 | 20,500 | 12,000 | 7.000




Podium Provisions

Special provisions for podiums (IBC 510.2)
» Increases allowable stories.... not allowable building height

3-Hr

Type I-A

5 story Type Il Building 5 story Type Il Building
on Top of a Type I-A Podium



Fire Design of Mass Timber



Fire Design of Mass Timber

Mass Timber’s Fire-Resistive Performance is Well-
Tested, Documented and Recognized via Code
Acceptance

Source: AWC’s NDS

Source: AWC’'s TR 10



Fire Design of Mass Timber

Driven primarily by construction type.

I

S



Dwelling Unit Separation Requirements

0<3(TAJKL(MICC(BD"(FD">ND%&=E(=$$#G ) E*("#O3$P((
Fire-resistance = 1 hour
except = 0.5 hour in IIB, IlIB and VB




Fire Design of Mass Timber

» Demonstrating fire resistance rating (FRR) of mass timber:
» 1. Calculations in accordance with IBC/CBC 722 (NDS Chapter 16)
» 2. Tests in accordance with ASTM E119

= R(CKO@=pp=



Fire Design of Mass Timber

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

™~



Fire Design of Mass Timber

» https://www.woodworks.org/mass-timber-fire-acoustic-database/




Fire Design of Mass Timber

» Fire Resistance Ratings (FRR)
» Thinner panels (i.e. 3-ply) can be difficult to achieve 1+ hour FRR
» 5-ply CLT panels can usually achieve 1- or 2-hour FRR
» Construction Type -> FRR -> Member size -> Grid (order as needed)

Service Condition Fire Condition

—>
$ crsT

UKIIVT

5 ply (after 1-hour rating)



Acoustical Design

Code requirements only address residential occupancies:

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

W%K(/ 7 3(DB(VAMXV(B(B>HE ™ (8464 ™ PO
* Walls, Partitions, and Floor/Ceiling Assemblies

WH%K(003(DB(VA(MXV (PB(B>HE ™ (64$é# " P(BD"(
* Floor/Ceiling Assemblies



Acoustical Design




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



Acoustics & Sound Control



Acoustical Design

» https://www.woodworks.org/mass-timber-fire-acoustic-database/

7 cLT so7

] CLT (5CL) 86
TINLT 72
ot 2
TIGLT 4
CITaG 15

] Other 3

Number of Layers
J13m

4.5 367

675

8¢

KDl Thickness

Mass Timber Panel

Sdayer 6.89° CLT

S-layer 689" CLT

Sdayer 6.89° CLT

S-layer 689" CLT

Slayer 6.89° CLT

Acoustical Product Between MT Panel and
Topping

Sam-N75 Supreme, 23/32°
Sam-N7S Supreme, 23/32°
Sam-N75 Supreme, 23/32°
Sam-N75 Supreme, 23/32°

Sam-N75 Supreme, 23/32°

Topping

2" Levelrock® Brand 2500

2" Lavelrock® Brand 2500

2" Lovelrock® Brand 2500

2" Lavelrock® Brand 2500

2" Levelrock® Brand 2500

Bare Gypsum

2mm, LVT

2mm, LVT with
2mm Topical
Mat

2mm, IVT with
Lem Topical
Mat

44mm, VT
with Integraled
Pad

Sound Rating

60STC @

59STC O

59STC ©

59S1C O

58STC ©

solIC o

520C @

S3IC @

551C @

53IC @

Method of Compliance

RS00B.01 113.11.R0
O i o -
11 an

USG / Imestek Report #
4 ~ 1

USG / Intertok Report & RS008.02 -113-11-80
Contact Product Manudacturer for Additional
Information
USG / Intertek Report ¥ RS008.03.113.11.R0
C . " wifae v (or o

Information

USG { intartek Report # RE008.04-113-11-R0
Contact Prodguct Manudacturer for Additional
Information

USG / Intertek Report # R5008.07 113.11.R0
o roduc wilac v {or i
matio



Considerations for Lateral Systems
1"4#$2"590Y#(3D " #(3DG 9B=0 74

Concrete Shear Walls

Steel Braced Frames

Light Frame Wood Shear Walls (65 ft max*)
Cold-Formed Steel Shear Walls (65 ft max*)

CLT Platform Shear Walls (65 ft max*)<” 2021 sppws, ASCE 7-22

CLT ROCking Walls Currently in development! h

*in high seismic zones




Considerations for Lateral Systems

Connections to concrete core
- Tolerances & adjustability
- Drag/collector forces



Considerations for Lateral Systems

Connections to steel frame
- Tolerances & adjustability
- Ease of installation



Tolerance Solutions



Considerations for Lateral Systems

Wood-frame Shearwalls:

* Code compliant seismic system

e Standard of construction practice well known

 Limited to 65 ft shearwall height (can be on top of a podium)



Lateral System Options - CLT Rocking Shear Walls

Source: S. PEI et al. http://nheritallwood.mines.edu/




MEP Systems, Routing and Integration

INTEGRATED SYSTEMS

Credit: John Klein, Generate Architecture




CC(,(Z,24[\<4/742\(W6 1(/7450,/
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Credit: H+O Structural Engineering
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Insurance and Mass Timber



Insurance Challenges

What is causing the challenges with insurance for
mass timber projects?

ISO Types 1-6: Construction Code Descriptions

» Insurance industry volatility & hard market O s P T crefer 1o

Wood frame walls, floors, and roof deck
Brick Veneer, wood/hardiplank siding, stucco cladding
Wood frame roof with wood decking and typical roof covers below:

)) La C k Of I O SS d ata :gg;?clizcrete tiles

*BUR (built up roof with gravel or modified bitumen)
*Single-ply membrane
o ° L ol ° L3 ol *Less Likely metal sheathing covering
» 1SO building classifications (none specific to ot 250 Tt ot of eometes
oof anchorage
*Toe nailed
. *Clips

I I | ' I I *Single Wraps

a SS t I b e r) *Double Wraps
BExamples: Primarily Habitational, max 3-4 stories

. . . ISO 2 - Joisted Masonry (JM) (noncombustible masonry walls with wood frame roof)
» Variation of mass timber knowledge among Typicaly VS G2 e
s y, or reinforced masonry load bearing exterior walls
*if reported as CB walls only, verify if wood frame (ISO 2) or steel/noncombustible frame roof (ISO 4)

. . *verify if wood frame walls (Frame ISO 1) or wood framing in roof only (JM ISO 2)
I n S u ra n C e I n u St ry Stucco, brick veneer, painted CB, or EIFS exterior cladding
Floors in multi-story buildings are wood framed/wood deck or can be concrete on wood or steel deck.

Wood frame roof with wood decking and typical roof covers below:

*Shingles

*Clay/concrete tiles

*BUR (built up roof with gravel or modified bitumen)

*Single-ply membrane

*Less Likely metal sheathing covering

*May be gable, hip, flat or combination of geometries
Roof anchorage

*Toe nailed

*Clips

*Single Wraps

*Double Wraps
BExamples: Primarily Habitational, small office/retail, max 3-4 stories
If “tunnel form” construction meaning there is a concrete deck above the top floor ceiling with wood frame roof
over the top concrete deck, this will react to wind forces much the same way as typical JM construction. Itis
slightly better from a fire rating standpoint and from a wind standpoint in terms of potential damage if the wood
frame is damaged. Please provide comments in the construction details of SOV for this type of construction.




Insurance Perspective on Mass Timber

How do we address the perceived unknowns?

»

»

»

»

»

Demonstrate extensive testing, research and use

Provide clarification on commonly misunderstood topics

Highlight building code recognition and approvals

Reference product reports, evaluations and 3rd party verifications
1#%#"'=84#(9"D #?28:$9#DB?(G6> =& D%($8"=6# >#$

Photo Credit: US Forest Products Laboratory



Mass Timber Testing and Research

» Mass timber has undergone extensive fire testing and evaluation. Elements,
assemblies, connections, penetrations, compartments & more

Photo: AWC/FPInnovations Photo: LendLease

Credit: ARUP Photo: SLB/ARUP



Mass Timber Project Risk Mitigation

» Each project should evaluate its specific conditions and constraints and
create a project-specific risk mitigation plan that addresses items such as:

» Construction phase moisture protection
» Long term moisture protection
» Construction site fire safety & other safety measures

» Construction schedule impacts




Mass Timber Project Risk Mitigation

» Long term moisture protection achieved through good building
enclosure assemblies and details

» Enclosure installation as soon as possible also aids in construction phase
moisture protection of interior elements

Photos: RDH Building Science



Mass Timber Project Risk Mitigation

» Other moisture protection strategies can be employed for areas more
susceptabe to moisture infiltration, i.e. in bathrooms & kitchens

» Floor drains, curbs, standoff bases

Credit: WoodWorks



Mass Timber Project Risk Mitigation

» Compressed construction schedule impacts

Source: Mass Timber Cost & Design Optimization, WoodWorks



Safety

Shorter On-Site Schedule
Fewer On-Site Material Stockpiles



Mass Timber Project Risk Mitigation

» Post-fire repair strategies, depends on extent of damage, fire-resistance
requirements

https://cdn-web.iccsafe.org/wp-content/uploads/Post-fire-restoration-of-CLT.pdf



Mass Timber Insurance

»

»

»

»

Engage with brokers early — provide
project specific risk mitigation
strategies

Utilize WoodWorks free resources:

https://www.woodworks.org/learn/m

ass-timber-clt/mass-timber-building-

insurance/

https://www.woodworks.org/resource
s/mass-timber-project-questionnaire-
for-builders-risk-insurance/




Low- and Mid-Rise Multi-Family

Credit: ADX Creative and Engberg Anderson



Light-Frame Wood Shear Walls
permitted up to 65 feet in height

HYBRID LIGHT-FRAME + MASS TIMBER
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362-42/\(1457762 \(45

Credit: Jeremy Bittermann & Kaiser + Path



Mass Timber Business Case Studies: Value Creation Analysis

- HYHIDOGHW(AYH"Y>HD(
* Property Information
* Product Strategy

* |nvestment Highlights

CN=DE=0Y#( - >$?7°$$D%
* Challenges

* Lessons Learned

* Successes

C=0b=Y#(AY#"V>#b
* Development Timeline
* (Costs

* Rents

* Lease up

3DGO="=Y#(5#&"%(6%=E*$$

W="0d#§ 1"D(]D"G= S5#=DN#"
Yield on cost 6.25% 7.00% 7.35%
Cap rate 4.75% 4.50% TBD
Value/rentable SF S550/ RSF S717/ RSF TBD (S800+/ RSF)
Leverage 65% 65% N/A

Multifamily | Office | Industrial | Student Housing



Initial Findings: Residential

SH$> " #GS("H#$9D% " (AD(eEDD(F(BHHH#Ee

* Aesthetics seem to be broadly appealing; wider
target markets = better market demand

* Robust pre-leasing = lower costs & risks

0 More income sooner = lowers operating &
interest budgets

O Faster to stabilization = faster to refinance
* Tangible distinction = mitigates future supply risk

* Tangible realization of desired brand identities

Mass Timber Business Case Studies
December 2022



The Canyons

Quantitative Overview
5t 1#'8D" G=3i2#{|=S{DH( 4D ) (BAGCP

Total project cost $32,000,000 Wi#">? W="d#& 1"D(]D"G= SH=bN# "
$457,143 / unit ’ _ o o Lower
Yield on cost — untrended 5.5% 5.7% (COVID impact on retail)
Land: $3,660,000 @ appraised value : : :
Cap rate (mkt vs. appraisal subject conclusion) 4.5% 4.5% Not yet known
W="d#8(/6=%"="" 1"D(ID"G= S#=pN\#"
L= 9 a Value per unit $435,000 $500,000 Not yet known
Construction costs (normalized wo/COVID) ~ $186 (light-frame) $192/GSF $186/ GSF Leverage 60% 60% Equal
DGHDYH
69="8G#tk W="d# SH=DN#" , Y% . =h# 3D%8#HE3DG GHté
Rental rates (avg. of renovation + new addition) Date of conception (first dollar spent) January 2018
Studio $1,500 $1,722 15% higher Date underwriting finalized (go/no-go decision) December 2018 Equal
1-BR $2,000 $2,924 46% higher Date equity capital secured October 2018 Equal
2-BR $2,500 $3,473 39% higher Permitting duration 11 months Equal
. Normal COVID GMP in place January 2019
Occupancy after 13 months (stabilized) 80% 85% lease-up
Construction start February 27,2019
Duration of construction (anticipated without COVID) 11 months 10% faster than normal
I="cb” YA W="d# "D(D"G= SH=DN#* Duration of construction (realized w/COVID) 12 months COVID slowed 1 month
In addition to lease $125 $130 $135 Construction completed September 2020
Date stabilized Not yet stabilized COVID impacted leasin
S#4=% W="d#& 1"D(]D"G= SH=bN#" (80% occupancy, NOI, or at pro forma or refinanced) (as of October 2021) P &
Retail rental rates $32 / RSF/YR $32/ RSF/YR S0/ COVID
Rent type (e.g., NNN) NNN NNN N/A
Tenant improvement allowance $30/SF $30/SF N/A

Premium rents, market rate costs, and

Interview with listing retail broker confirmed substantial pre-leasing occurred (60% of space).
COVID 19 pandemic wiped out retail market in latter half of 2020 & all of 2021, forced all retail leased to abandon.

Recent activity is positive with five local, design-oriented tenants proceeding to take majority of space. fa S te I“ C O n S tru Cti O n (b a I“ I“ i n g C OVi d)

*Market standard costs refer to normal cost to build for subject’s use, irrespective of structural approach

Disclaimer: Information herein was provided by the developer and verified for reasonableness by a third-party expert. Market data

and figures have been reviewed by an independent third party utilizing industry standard resources. For additional sources and MaSS Tlmber BUS|neSS Case StUdy

disclaimers, see the Basis of Information page for this case study and the Disclosures, Disclaimers and Confidentiality page at the end
of this case study package.



75, i+ \B/702\(7]

Credit: WGI
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Credit: Gurnet Point



Hotel Magdalena

Austin, TX

Building Facts

Developer
Architect
Engineer

General Contractor

100,000 sf

3 buildings: 5, 4, and 3 stories
Type V-A for MT structures
Hotel

Completed 2020

Bunkhouse Group
Lake | Flato
StructureCraft
MYCON



» First Mass Timber boutique hotel in North America

Hotel Magdalena

Austin, TX

» Exposed wood structure extends to the exterior

Photos: Casey Dunn



Timber Lofts

Milwaukee, WI

68,400 sf, 4 stories
Type llI-B
Multi-Family
Completed 2020



» 24,000 sf, 6 stories

Timber House

Brooklyn, NY

» Type IlI-A

Photos: Travis Mark



Fast construction

Aesthetic Value (Leasing velocity/ premiums)
Healthy Building / Biophilia

Lightweight structure

Labor shortage solution
- small crews
- entry level workers

Just-in-time delivery (ideal for dense urban sites)

Environmentally friendly (low carbon footprint)

Healthy forests/ wildfire resiliency & support rural economies



NIR Center | Photo: Hennebery Eddy Architects | Archiiec':,‘tf' Hennebery Eddy Architects
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New Tall Wood Code
Provisions: Advanced Fire
Design for Exposed Timber

Kate Carrigg, PE
WoodWorks Regional Director



“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
AIA 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

The 2021 International Building Code (IBC) includes a series of changes that significantly expand the
opportunities for tall timber structures. Three new construction types—Type IV-A, IV-B and IV-C—will allow
the use of mass timber or noncombustible materials in buildings up to 18 stories tall. These new types are
based on the previous Heavy Timber construction type (renamed Type IV-HT) but with additional fire-
resistance ratings and levels of required noncombustible protection. This presentation will take a detailed
look at the new code provisions and methods of addressing requirements for fire resistance and exposed

timber. Topics will include allowable building sizes, methods of demonstrating fire-resistance ratings,
allowances for exposed timber, and more.



Learning Objectives

1. Explore the three new tall wood construction types and discuss related code provisions such as

allowable heights and fire-resistance ratings.

2. Discuss code-compliant options for exposing mass timber, where up to 2-hour fire-resistance ratings

are required, and demonstrate design methodologies for achieving these ratings.

3. Review timber exposure strategies for IV-B construction, emphasizing code compliance topics such as

horizontal separation and exposure area limits.

4. Highlight resources available to designers for fire-resistance design in tall timber structures,
emphasizing tested assemblies, allowances for concealed spaces and contributions of

noncombustible protection layers.



Outline

> Tall Wood Introduction



What is Tall Mass Timber?

Projects which exceed the height and/or story limits of the 2018 IBC

(or previous versions)

Photo: WoodWorks
Architect/Developer: oWOW



Tall Mass Timber

2021 IBC Introduces 3 new tall wood construction types:
» IV-A

» IV-B

» V-C

» Previous type IV renamed type IV-HT

BUILDING TYPE IV
ELEMENT] A | B | AalBfAa]BlAafjBlclHT]A]B



Tall Mass Timber

2021 IBC: 3 New Tall Mass Timber
Construction Types



2015-2018: Building a Code Roadmap

Photos: ICC






2015-2018: Building a Code Roadmap

Source: AWC






ICC TWB AHC Proposals

 |BC Table 1705.5.3 Special Inspections (S100-19)

e |BC Section 110.3.5 Connection Protection
Inspection (ADM35-19)

e |BC Section 2304.10.1 Connection Fire Resistance
Rating (S170-19)



Tall Wood Buildings in
the 2021 IBC

Free Resource:
www.woodworks.org



http://www.woodworks.org/

Materials Permitted



Fire Resistance Ratings

Driven primarily by construction type.









Ascent
Milwaukee, WI



Ascent
Milwaukee, WI

493,000 sf, 25 stories total (19 mass
timber)

Type IV-HT with code modifications
Multi-Family

Completed 2022
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2 Non-Combustible Protection and Timber Exposure Allowances



Noncombustible Protection (NC)

The definition of “Noncombustible Protection
(For Mass Timber)” was created to address
the passive fire protection of mass timber.




IV-A IV-B IV-C

Credit: WGI

—



Type IV-A Exposure Limits

100% NC protection on all surfaces of Mass Timber

Photo: Flor Projects



1510 Webster

Oakland, CA

Building Facts

Developer
Architect
Engineer

General Contractor

193,290 sf, 18 stories

16 stories Mass Timber
Type IV-A

Mixed Use

Expected Completion 2024

oWow
oWow
DCI Engineers

oWow






Type IV-C Exposure Limits

All Mass Timber surfaces may be exposed

* Exceptions: Shafts, concealed spaces, outside face of exterior walls

Monte French Design Studio
Photo: Jane Messinger






Timberview
Portland, OR



TIMBERVIEW

PORTLAND, OR

» 8 Stories
» Type IV-C
» 105 Affordable Housing Units

Access Architecture
DCI Engineers
Photo Access Architecture




Heartwood

Seattle, WA




Heartwood

Seattle, WA

66,000 sf, 8 stories

Type IV-C

Workforce Housing

MT / CLT

Wood construction: 1 day per floor
Completed 2023




[V-A vs. IV-C Construction



Example R-2, Type IV-C Building

8 Stories
85 ft
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Fire Rating - Driven by Construction Type

Residential (R-2) Occupancy
with NFPA 13 sprinklers

Area per story (ft?)
Max stories
Max height (ft)

Primary structural frame
Exterior bearing walls
Interior bearing walls

Nonbearing exterior walls
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Type IV-B Exposure Limits

Limited Timber Exposure Allowed

Photo: Nick Johnson, Tour D Space



Example Mixed-Use, Type IV-B Building
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Timber, R-2:
12 Stories

Multi-Story
Type IA

Podium
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Type IV-B Protection vs. Exposed (2021 IBC)

Limited Exposed MT allowed in Type IV-B for:

» MT beams and columns which are not integral part of
walls or ceilings - no area limitation applies

» MT ceilings and integral beams - up to 20% of floor
area in dwelling unit or fire area, or

» MT walls and columns - up to 40% of floor area in
dwelling unit or fire area, or

Credit: Kaiser+Path



Type IV-B Protection vs. Exposed

Mixed unprotected areas, exposing both ceilings and
walls:

» In each dwelling unit or fire area, max. unprotected
area =

(U./U.)+(U,/U,,) £1.0

» U, = Total unprotected MT ceiling areas
» U,. = Allowable unprotected MT ceiling areas
» U, = Total unprotected MT wall areas

» U,, = Allowable unprotected MT wall areas

Credit: Kaiser+Path



Type IV-B Protection vs. Exposed

Horizontal separation of unprotected areas:

» Unprotected portions of mass timber walls and ceilings
shall be not less than 15 feet from unprotected portions
of other walls and ceilings, measured horizontally along
the ceiling and from other unprotected portions of walls
measured horizontally along the floor.

Credit: Kaiser+Path



Type IV-B Protection vs. Exposed

2021 IBC Allowances

i Ceiling Exposed

Ceiling (<20%)
©
Exposed § . Min. 15 ft
0 g X Separation
(<20%) 3 %’ Ceiling Exposed P
= = (<20%)
=
Min. 15 ft
Separation

— Credit: AWC



CLT Fire Performance - Char Fall Off

CLT char fall off or heat induced delamination occurs when laminations (or
pieces thereof) fall off the underside of a CLT panel under extended fire
conditions.

Photo: ARUP



CLT Fire Performance - Char Fall Off

Facts about CLT char fall off:
» Only an item to consider in tall buildings.

» Not applicable when discussing mid-rise mass timber (or any building
under types I, Ill, IV-HT or V)

» Largely a function of adhesive performance under high temps

» Has already been addressed in PRG 320-19



CLT Fire Performance - PRG 320-19

2019 edition (referenced in 2021 IBC) added new
elevated temperature adhesive performance
requirements validated by full-scale and medium-
scale qualification testing to ensure CLT does not
exhibit fire re-growth

CLT per PRG 320-19is req’d in IBC 2021 for all CLT.



2019-2022: Refining the Code Roadmap

Conservatism: ATF lab tests
based on older generation CLT
adhesives

<+— 72018 ATF tests were initiated
before the 2019 version of
ANSI/APA PRG 320 was
published and the tested CLT
was not compliant with the new
product standard.

Source: RISE, USDA FS FPL & AWC



2019-2022: Refining the Code Roadmap

The main aim was
to identify safe
limits of exposed
mass timber surface
areas that
correspond with
performance criteria

used for previous
U.S. Building Code
Changes.

Source: RISE



Type IV-B Protection vs. Exposed

2024 IBC Allowances

No separation req’d
between wall & ceiling

/

Credit: AWC



MT Fire Resistance Ratings (FRR)

IBC 722.7
The fire resistance rating of the mass timber elements shall consist of the
fire resistance of the unprotected element (MT) added to the protection

time of the noncombustible (NC) protection.

MT NC
" = FRR

Credit: Urban One



Where timber is required to be protected, NC must contribute at least 2/3

of the Fire Resistance Rating

Noncombustible Protection (NC)

Required Noncombustible Contribution to FRR

FRR of Minimum from
Building Element Noncombustible Protection
(hours) (minutes)
1 40
2 80
3 or more 120

Source: 2021 IBC Section 722.7



Calculated Fire Resistance of Wood

For Exposed Wood Members: IBC 722.1 References AWC’s NDS Chapter 16
(AWC’s TR 10 is a design aid to NDS Chapter 16)




Noncombustible Protection (NC)

Prescriptive Noncombustible Contributions to FRR

Type of Protection Contrlbut_lon per Layer
(minutes)
1/2" Type X gypsum board 25
5/8" Type X gypsum board 40

Source: 2021 IBC Section 722.7.1

Required Noncombustible Contribution to FRR

FRR of Minimum from
Building Element Noncombustible Protection
(hours) (minutes)
1 40
2 80
3 or more 120

Source: 2021 IBC Section 722.7



Noncombustible Protection

Noncombustible Protection Required

! A \
| WA | VB | IVC _
Below Mass Timber Roof 60 min 40 min* Not Req.
Primary Frame @ Roof 80 min 40 min* Not Req.
Primary Frame 120 min 80 min* Not Req.
Below Mass Timber Floor 80 min 80 min* Not Req.

Requirements Per new 602.4. * Some MT permitted to be exposed.



Floor Surface Protection

Min. 1” thick NC protection required on mass timber floors in IV-A and IV-
B. Not required in IV-C

Min. 1”7 NC

Mass Timber Floor Panel

Credit: Maxxon



With Dropped Ceiling

Noncombustible material not required

Concealed Spaces in Type IV-C

I TT T TT TT 71T TT7 77 P17 T 7 TT TT TT TT TT TT TT TT TT TT

Mass timber floor panel

One layer 5/8" Type X gypsum covering all
mass timber surfaces within concealed space

Dropped ceiling

e o




Concealed Spaces in Type IV-A and IV-B

With Dropped Ceiling
Minimum 1" noncombustible material

Mass timber floor panel

I TT T TT T T 71 T T 77T TT 77 TT TT TT TT TT TT TT TT TT T

Two layers 5/8" Type X gypsum

|

Dropped ceiling

| |




Exterior Wall Construction

IV-A, IV-B, IV-C

Fire Rating (bearing wall) 3 Hr 2 Hr 2 Hr

Mass Timber Mass Timber / CLT

40 Min of NC Protection Required & No

Exterior NC Protection Exterior Combustible Coverings Allowed

Interior NC Protection Per Interior Requirements

Light-Frame FRTW No



Fire Design for Tall
Mass Timber

Free Resources:
www.woodworks.org



http://www.woodworks.org/
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» Fire Safety During Construction



Fire Safety During Construction (2021 IFC)

3303.5 Fire safety requirements for buildings of Types
IV-A, IV-B, and IV-C construction.

...designed to be greater than six stories above grade
plane shall meet the following requirements during
construction unless otherwise approved by the fire code
official.

1. Standpipes shall be provided in accordance with
Section 3314.

2. A water supply for fire department operations, as
approved by the fire chief.

Photo: Structurlam



Fire Safety During Construction (2021 IFC)

3314.1 Where required.

i hutldinae reattived 1o have standnines by Secdion 905 23 1. not lees than one standnine

Credit: IFC



Sprinklers in High Rises

Two Water Mains Required if:
» Building Height Exceeds 420 ft, or

» Type IV-A and IV-B buildings that exceed 120
ft in height




Fire Safety During Construction

2021 IFC Section 3303.5

3. Where building construction exceeds six stories above
grade plane, at least one layer of noncombustible
protection where required by Section 602.4...shall be
installed on all building elements more than 4 floor
levels, including mezzanines, below active mass timber
construction before erecting additional floor levels.

4. Where building construction exceeds six stories above
grade plane required exterior wall coverings shall be
installed on all floor levels more than 4 floor levels,
including mezzanines, below active mass timber
construction before erecting additional floor level.

Photo: Structurlam

Exception: Shafts and vertical exit enclosures



Fire Safety During Construction

Credit: ICC



2019-2022: Refining the Code Roadmap

Change to 2024 IBC:
Sequencing of NC
topping install

Credit: ICC
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> Panel Joints, Connections, and Penetrations



Sealants at MT Panel Edges

703.9 Sealing of adjacent mass timber elements.
In buildings of Type IVA, IVB, and IVC construction,
sealant or adhesive shall be provided to resist the
passage of air in the following locations:

1. At abutting edges and intersections of mass
timber building elements required to be fire
resistance-rated

2. At abutting intersections of mass timber
building elements and building elements of
other materials where both are required to be
fire resistance-rated.



Sealants at MT Panel Edges

Sealants shall meet the requirements of ASTM C920 (elastomeric joint sealants).

Adhesives shall meet the requirements of ASTM D3498 (gap filling construction
adhesives, i.e. not fire caulk).

Exception: Sealants or adhesives need not be provided where they are not a required
component of a fire resistance- rated assembly.




Sealants at MT Panel Edges

2021 IBC requires periodic special inspections of adhesive/sealant
installation

(when required to be installed)



Connection Fire Protection

Building elements are required to be FRR as specified in IBC Table 601

Connections between these building elements must be able to maintain
FRR no less than that required of the connected members.

Source: NDS



Fire Resistance of Connections

2304.10.1 Connection fire resistance rating. Fire resistance ratings

in Type IV-A, IV-B, or IV-C construction shall be determined by one
of the following:

1. Testing in accordance with Section 703.2 where 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.

Source: AWC’s TR 10



Connection Fire Protection

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

Photo: ARUP/SLB



Connections

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



Tall Mass Timber Inspections

Wood Connection Coverings for Fire-Resistance

110.3.5 Type IV-A, IV-B, and IV-C connection protection
inspection. In buildings of Type IV-A, IV-B, and IV-C
Construction, where connection fire resistance ratings
are provided by wood cover calculated to meet the
reqguirements of Section 2304.10.1, inspection of the
wood cover shall be made after the cover is installed, but
before any other coverings or finishes are installed.

Inspection of Wood Coverings



Penetration Fire Protection

Although not a new code requirement or specific to tall wood, more
testing & information is becoming available on firestopping of penetrations
through MT assemblies
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» Allowable Areas



Tall Wood Building Size Limits

Construction Type (All Sprinklered Values)

I-A I-B IV-A 1V-B IV-C IV-HT I1-A
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 180 270 180 85 85 85
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A- | Unlimited 12 18 12 6 - 4
g Unlimited 12 18 12 9 6 6
R-2 Unlimited 12 18 12 8 5 5
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2,A-3, A- | Unlimited | Unlimited § 135,000 56,250 45,000 42,000
]i Unlimited | Unlimited | 324.000 135,000 108,000 85,500
R-2 Unlimited | Unlimited | 184,500 76,875 61,500 72,000




Fire Walls — IBC 706

Each portion of a building separated by
one or more fire walls shall be
considered a separate building.

Fire Wall per
IBC 706




Questions? Ask us anything.

Kate Carrigg, PE Chelsea Drenick, SE

Regional Director | OR, ID-South, HI Regional Director | CA-North, NV, UT
(303) 902-3151 (303) 588-1300
kate.carrigg@woodworks.org chelsea.drenick@woodworks.org

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


mailto:chelsea.drenick@woodworks.org
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© The Wood Products Council 2025

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.



