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We are at an exciting confluence in timber construction. The need for sustainable, urban construction has 

never been higher. Concurrently, mass timber products such as cross-laminated timber have opened the 

door to many new opportunities for construction, one of which is tall wood. In January 2019, the 

International Code Council (ICC) approved a set of proposals to allow tall wood buildings of up to 18 stories 

as part of the 2021 International Building Code (IBC). This presentation will introduce the new tall wood code 

provisions in depth. Starting with a review of the technical research and testing that supported their 

adoption, it will then take a detailed look at the new code provisions and methods of addressing the new 

requirements. Topics will include fire-resistance ratings and allowances for exposed timber, penetrations, 

sprinklers, connections, exterior walls and much more. Designers can expect to take away the knowledge 

they need to start exploring tall wood designs on their projects.



1. Review the global history of tall wood construction and highlight the mass timber products used in 

these structures.

2. Explore the work and conclusions of the ICC Ad Hoc Committee on Tall Wood Buildings in establishing 

14 new code provisions for the 2021 IBC that address tall wood construction.

3. 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.

4. Review code requirements unique to tall wood buildings, focusing on items such as sprinklers, shaft 

construction and concealed spaces.



The What, Why and How 
of Tall Mass Timber

Photo: Michael Green Architecture



TALL MASS TIMBER
ASSESSING THE WHAT

Brock Commons, Vancouver, BC |  Architect: Acton Ostry|  Image Courtesy naturallywood
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H O H O,  AU STRI A

Photos: RLP Rüdiger Lainer + Partner, RWTplus
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Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman   |   Architect: PATH Architecture
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Photo: Harbor Bay Real Estate Advisors, Purple Film |   Architect: Hartshorne Plunkard Architecture

INTRO, CLEVELAND 9 Stories  |  115 ft
8 Timber Over 1 Podium

512,000 SF
297 Apartments,  Mixed-Use



Photo: Harbor Bay Real Estate Advisors, Image Fiction |   Architect: Hartshorne Plunkard Architecture

INTRO, CLEVELAND 9 Stories  |  115 ft
8 Timber Over 1 Podium

Type IV-B
Variance to expose ~50% ceilings



Photo: Korb & Associates Architects |   
Architect: Korb & Associates Architects

ASCENT, MILWAUKEE

493,000 SF
259 APARTMENTS, MIXED-USE



Photo: CD Smith Construction |   
Architect: Korb & Associates Architects

ASCENT, MILWAUKEE

Tallest Mass Timber Building in the World



Photo: Korb & Associates Architects |   Architect: Korb & Associates Architects

ASCENT, MILWAUKEE

25 STORIES
19 TIMBER OVER 6 PODIUM, 284 FT



Photo: Hickok Cole |   Architect: Hickok Cole

80 M ST, WASHINGTON, DC



Photo: WoodWorks |   Architect: Hickok Cole

80 M ST, WASHINGTON, DC

3 STORY VERTICAL ADDITION
7 STORY EXISTING BUILDING



Photo: Hickok Cole |   Architect: Hickok Cole

80 M ST, WASHINGTON, DC

100,000 SF
2 NEW LEVELS OF CLASS A OFFICE SPACE
OCCUPIED PENTHOUSE 
17’-0” CEILING HEIGHTS



Photo: WoodWorks |   Architect: William McDonough + Partners 

APEX PLAZA
CHARLOTTESVILLE, VA

187,000 SF



Photo: William McDonough + Partners |   Architect: William McDonough + Partners 

APEX PLAZA
CHARLOTTESVILLE, VA

8 STORIES
6 TIMBER OVER 2 PODIUM, 100 FT

PRIMARILY OFFICE SPACE



Credit: Monte French Design Studio

11 E LENOX, BOSTON, MA 7 STORIES
70 FT

Passive House
Multi-Family

Credit: H + O Structural Engineering



Credit: H + O Structural Engineering

11 E LENOX, BOSTON, MA



11 E LENOX, BOSTON, MA

Credit: H+O Structural Engineering



Photo: Hennebery Eddy Architects|   Architect: Hennebery Eddy Architects

NIR CENTER, PORTLAND, OR



Photo: Hennebery Eddy Architects|   Architect: Hennebery Eddy Architects

NIR CENTER, PORTLAND, OR

10 STORIES
Type IV-B Construction
Hybrid Mass Timber + Steel



Photo: Hennebery Eddy Architects|   Architect: Hennebery Eddy Architects

NIR CENTER, PORTLAND, OR

~400,000 SF
235,000 SF Laboratory Space
25,000 SF Office Space
Ground Floor Retail



Source: Generate Architecture

Tallhouse, Boston



Source: Generate Architecture

Tallhouse, Boston



Source: Generate Architecture

Tallhouse
Boston



Brock Commons, Vancouver, BC |  Architect: Acton Ostry|  Image Courtesy naturallywood

TALL MASS TIMBER
UNDERSTANDING THE WHY



Global Population Increase

2022 = 8.0 
billion people  

2050 = 11.2 
billion people

Source: https://ourworldindata.org/future-population-growth
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US URBAN POPULATION BOOM

URBAN RURAL

2019      271.4 M          57.7 M

2030          301 M         53.7 M

2050       347.3 M         42.2 M



New Buildings & Greenhouse Gasses

Image: Architecture 2030

Buildings generate nearly 
40% of annual global 
greenhouse gas emissions 
(building operations + embodied 

energy)

Embodied Energy (11%): 
Concrete, iron + steel produce 
approximately 9% of this 
(Architecture 2030)

(Embodied Energy)



Climate Change – Impacts on Forests and Planet



Carbon Storage
Wood ≈ 50% Carbon (dry weight)

Image: Lever ArchitectureImage: Kaiser + Path



Biophilic Design, Connection to Forests

George Fox University – Canyon Commons
Hacker | Photo:  Jeremy Bittermann



Construction Impacts: Labor Availability

Photo: Lendlease



Construction Impacts: Schedule

Seattle Mass Timber Tower Study, Source: DLR Group | Fast + Epp | Swinerton Builders

5 Months



Tall Mass Timber: Structural Warmth is a Value-Add

TMBR (unbuilt) Minneapolis, MN  |  Images: D/O Architects



Brock Commons, Vancouver, BC |  Architect: Acton Ostry|  Image Courtesy naturallywood

TALL MASS TIMBER
DEMONSTRATING THE HOW



Glue Laminated Timber (Glulam)
Beams & columns

Cross-Laminated Timber (CLT)
Solid sawn laminations

Photo: StructureCraft Photo: LendLease
Photo: LEVER Architecture

Photo: Freres Lumber

Cross-Laminated Timber (CLT)
SCL laminations



Dowel-Laminated Timber (DLT) Glue-Laminated Timber (GLT)
Plank orientation

Photo: StructureCraft

Photo: StructureCraft

Nail-Laminated Timber (NLT)

Photo: Ema Peter

Photo: Think Wood

Glue Laminated Timber (GLT)
Plank orientation

Photo: Think Wood Photo: StructureCraft

Photo: Manasc Isaac 
Architects/Fast + Epp



Concealed Connectors Self Tapping Screws Photos: Rothoblaas

Mass Timber Connections



Photo: Structurlam

Beam to Column
Photo: StructureCraft

Mass Timber Connections



Brock Commons, Vancouver, BC |  Architect: Acton Ostry|  Image Courtesy naturallywood

Exterior Envelope Prefabrication



O V E R V I E W  |  S T R U C T U R A L  S O L U T I O N S

Photo: DR Johnson

E F F I C I E N C Y  F O U N D  I N  U N D E RSTA N D I N G  S U P P LY  C H A I N ,  
D ES I G N I N G  AC C O R D I N G  TO  I T S  C A PA B I L I T I ES

Know The Supply Chain



TALL WOOD IN THE CODE



2018 IBC and All Previous Editions:

» Prescriptive Code Limit - 6 stories (B occupancy) 
or 85 feet

» Over 6 Stories - Alternate Means and Methods 
Request (AMMR) through performance-based 
design

» Based on the 1910 Heights and Areas Act

Photo: Alex Schreyer



3 YEAR CODE CYCLE

Source: ICC



U.S. TALL WOOD
DEVELOPMENT AND CHANGES

Seen as the catalyst for the mass timber 
revolution,  CLT first recognized in US codes 
in the 2015 IBC 



U.S. TALL WOOD
DEVELOPMENT AND CHANGES

Interest in tall wood projects in the US was rapidly increasing. Some 
building officials were reluctant to approved proposed plans, 
primarily due to lack of code direction and precedent

Photo: Seagate Mass Timber Inc
Pollux Chang photographer



U.S. TALL WOOD
DEVELOPMENT AND CHANGES

In December 2015, the ICC Board established the ICC Ad Hoc 
Committee on Tall Wood Buildings. Objectives: 
1. Explore the building science of tall wood buildings 
2. Investigate the feasibility, and 
3. Take action on developing code changes for tall wood buildings. 



1. No collapse under reasonable scenarios of 
complete burn-out of fuel without automatic 
sprinkler protection being considered.

2. Highly reliable fire suppression systems to 
reduce the risk of failure during reasonably 
expected fire scenarios. The degree of 
reliability should be proportional to 
evacuation time (height) and the risk of 
collapse.

Taller wood buildings create new set of challenges to address:

AHC established 6 performance objectives:

Photo: LEVER Architecture



3. No unusually high radiation exposure from the subject 
building to adjoining properties to present a risk of ignition 
under reasonably severe fire scenarios. 

4. No unusual response from typical radiation exposure from 
adjacent properties to present a risk of ignition of the 
subject building under reasonably severe fire scenarios.

AHC established 6 performance objectives:



5. No unusual fire department 
access issues 

6. Egress systems designed to 
protect building occupants 
during the design escape time, 
plus a factor of safety.

AHC established 6 performance objectives:

Photo: Will Pryce



U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

Commissioned series of 5 full-scale tests 
on 2-story mass timber structure at ATF 
lab in MD, May-June 2017

Images: AWC



Photo: LendLease
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Photo: LendLease



Photo: LendLease



U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

Test Description Construction 
Type

Test 1 All mass timber surfaces protected with 2 layers of 5/8” 
Type X Gypsum. No Sprinklers.

IV-A

Test 2 30% of CLT ceiling area in living room and bedroom 
exposed. No Sprinklers.

IV-B

Test 3 Two opposing CLT walls exposed – one in bedroom and 
one in living room. No Sprinklers.

IV-B

Test 4 All mass timber surfaces fully exposed in bedroom and 
living room. Sprinklered – normal activation

IV-C

Test 5 All mass timber surfaces fully exposed in bedroom and 
living room. Sprinklered – 20 minute delayed activation

IV-C



TEST 1

Source: AWC



TEST 2

Source: AWC



TEST 3

Source: AWC

Decay Phase Wall Wall



TEST 4

Source: AWC



TEST 5

Source: AWC



U.S. BUILDING CODES
Tall Wood Construction Types

Three Main Categories:
1. Noncombustible (Types I and II)
2. Light-Frame (Types III and V)
3. Heavy/Mass Timber (Type IV)

Although use of mass timber products in low- to mid-
rise in types III and V is very common



SO WHAT’S CHANGED??

Since its debut, IBC has contained 9 
construction type options

5 Main Types (I, II, III, IV, V) with all but 
IV having sub-types A and B



U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

2021 IBC Introduces 3 new tall wood 
construction types:

IV-A, IV-B, IV-C

Previous type IV renamed type IV-HT



New Building Types

Credit: Susan Jones, atelierjones



Type IV-C

Credit: Susan Jones, atelierjones
Photos: Baumberger Studio/PATH 

Architecture/Marcus Kauffman 



Occupancy # of 
Stories

Height Area per 
Story

Building 
Area

A-2 6 85 ft 56,250 SF 168,750 SF

B 9 85 ft 135,000 SF 405,000 SF

M 6 85 ft 76,875 SF 230,625 SF

R-2 8 85 ft 76,875 SF 230,625 SF

Type IV-C Height and Area Limits

In most cases, Type IV-C height allowances 
= Type IV-HT height allowances, but add’l
stories permitted due to enhanced FRR

Type IV-C area = 1.25 * Type IV-HT areaCredit: Susan Jones, atelierjones

Areas exclude potential frontage increase



Type IV-C Protection vs. Exposed

All Mass Timber surfaces may be 
exposed

Exceptions: Shafts, concealed spaces, outside face of 
exterior wallsCredit: Susan Jones, atelierjones
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Credit: WGI

IV-C

All timber surfaces may be exposed



Credit: WGI

IV-C



Credit: WGI

IV-C



Type IV-B

Credit: Susan Jones, atelierjones Credit: LEVER Architecture



Occupancy # of 
Stories

Height Area per 
Story

Building 
Area

A-2 12 180 ft 90,000 SF 270,000 SF

B 12 180 ft 216,000 SF 648,000 SF

M 8 180 ft 123,000 SF 369,000 SF

R-2 12 180 ft 123,000 SF 369,000 SF

Type IV-B Height and Area Limits

In most cases, Type IV-B height & story 
allowances = Type I-B height & story 
allowances

Type IV-B area = 2 * Type IV-HT areaCredit: Susan Jones, atelierjones

Areas exclude potential frontage increase



Type IV-B Protection vs. Exposed

NC protection on all surfaces of Mass 
Timber except limited exposed areas

~20% of Ceiling* or ~40% of Wall can be exposed, see 
code for requirements

*City of Dallas Ordinance 32198 allows 100% of CeilingCredit: Susan Jones, atelierjones
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Credit: WGI

IV-B

Some timber surfaces may be exposed



Credit: WGI

IV-B



Type IV-B Protection vs. Exposed
IV-B

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 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

• Combination of ceilings/beams and 
walls/columns, calculated as follows:

Credit: Kaiser+Path



Type IV-B Protection vs. Exposed
IV-B

Mixed unprotected areas, exposing both ceilings 
and walls:
• In each dwelling unit or fire area, max. 

unprotected area = 
(Utc/Uac) + (Utw/Uaw) ≤ 1.0

• Utc = Total unprotected MT ceiling areas
• Uac = Allowable unprotected MT ceiling areas
• Utw = Total unprotected MT wall areas
• Uaw = Allowable unprotected MT wall areas 

Credit: Kaiser+Path



Type IV-B Protection vs. Exposed
IV-B

Design Example: Mixing unprotected MT walls & ceilings

800 SF dwelling unit
• Uac = (800 SF)*(0.20) = 160 SF
• Uaw = (800 SF)*(0.40) = 320 SF
• Could expose 160 SF of MT ceiling, 

OR 320 SF of MT Wall, OR
• If desire to expose 100 SF of MT 

ceiling in Living Room, determine 
max. area of MT walls that can be 
exposed 

Credit: AWC



Type IV-B Protection vs. Exposed
IV-B

Design Example: Mixing unprotected MT walls & ceilings

(Utc/Uac) + (Utw/Uaw) ≤ 1.0
(100/160) + (Utw/320) ≤ 1.0
Utw = 120 SF
• Can expose 120 SF of MT walls in 

dwelling unit in combination 
with exposing 100 SF of MT 
ceiling

Credit: AWC



Type IV-B Protection vs. Exposed
IV-B

Credit: AWC

Ceiling Exposed 
(20% max)



Type IV-B Protection vs. Exposed
IV-B

Credit: AWC

Ceiling Exposed 
(<20%)

Ceiling Exposed 
(<20%)
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Type IV-B Protection vs. Exposed
IV-B

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
IV-B

Credit: AWC

15’ min

15’ min



Credit: WGI

IV-B



Type IV-A

Credit: Susan Jones, atelierjones

Photos: Structurlam, naturally:wood, 
Fast + Epp, Urban One



Occupancy # of 
Stories

Height Area per 
Story

Building 
Area

A-2 18 270 ft 135,000 SF 405,000 SF

B 18 270 ft 324,000 SF 972,000 SF

M 12 270 ft 184,500 SF 553,500 SF

R-2 18 270 ft 184,500 SF 553,500 SF

Type IV-A Height and Area Limits

In most cases, Type IV-A height & story 
allowances = 1.5 * Type I-B height & 
story allowances

Type IV-A area = 3 * Type IV-HT area

Areas exclude potential frontage increase



Type IV-A Protection vs. Exposed

100% NC protection on all surfaces of 
Mass Timber

Credit: Susan Jones, atelierjones
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IV-A

No timber surfaces may be exposed



Credit: WGI

IV-A



Credit: WGI

IV-A



Credit: WGI

IV-AIV-BIV-C



WoodWorks Tall  Wood Design Resource
h t t p : / / w w w. w o o d w o r k s . o r g / w p - c o n t e n t / u p l o a d s / w o o d _ s o l u t i o n _ p a p e r - TA L L - W O O D . p d f

http://www.woodworks.org/wp-content/uploads/wood_solution_paper-TALL-WOOD.pdf


Tall Wood Building Size Limits

Construction Type (All Sprinklered Values)

I-A I-B IV-A IV-B IV-C IV-HT III-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-

4

Unlimited 12 18 12 6 4 4

B Unlimited 12 18 12 9 6 6

R-2 Unlimited 12 18 12 8 5 5

Allowable Area Factor (At) for SM, Feet2 (IBC Table 506.2)

A-2, A-3, A-

4

Unlimited Unlimited 135,000 90,000 56,250 45,000 42,000

B Unlimited Unlimited 324,000 216,000 135,000 108,000 85,500

R-2 Unlimited Unlimited 184,500 123,000 76,875 61,500 72,000



Even so, Sprinklers may be required by 903.2 (all occupancies) and definitely for residential (420.4)

Tall Wood Building Size Limits

Construction Type (Unsprinklered Values)

I-A I-B IV-A IV-B IV-C IV-HT

Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)

A, B, R Unlimited 160 65 65 65 65

Allowable Number of Stories above Grade Plane (IBC Table 505.4)

A-2, A-3, A-4 Unlimited 11 3 3 3 3

B Unlimited 11 5 5 5 5

R-2 Unlimited 11 4 4 4 4

Allowable Area Factor (At) for SM, Feet2 (IBC Table 506.2)

A-2, A-3, A-4 Unlimited Unlimited 45,000 30,000 18,750 15,000

B Unlimited Unlimited 108,000 72,000 45,000 36,000

R-2 Unlimited Unlimited 61,500 41,000 25,625 20,500



Even so, Sprinklers may be required by 903.2 (all occupancies) and definitely for residential (420.4)

Tall Wood Building Size Limits

Construction Type (Unsprinklered Values)
I-A I-B IV-A IV-B IV-C IV-HT

Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 160 65 65 65 65

Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A-4 Unlimited 11 3 3 3 3

B Unlimited 11 5 5 5 5
R-2 Unlimited 11 4 4 4 4

Allowable Area Factor (At) for SM, Feet2 (IBC Table 506.2)
A-2, A-3, A-4 Unlimited Unlimited 45,000 30,000 18,750 15,000

B Unlimited Unlimited 108,000 72,000 45,000 36,000

R-2 Unlimited Unlimited 61,500 41,000 25,625 20,500

Even so, Sprinklers may be required by 903.2 (all occupancies) and definitely for residential (420.4)

Construction Type (Unsprinklered Values)
I-A I-B IV-IV-IV A IV-IV-IV B IV-IV-IV C IV-IV-IV HT

Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 160 65 65 65 65

Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A-4 Unlimited 11 3 3 3 3

B Unlimited 11 5 5 5 5
R-2 Unlimited 11 4 4 4 4

Allowable Area Factor (At) for SM, Feet2 (IBC Table 506.2)
A-2, A-3, A-4 Unlimited Unlimited 45,000 30,000 18,750 15,000

B Unlimited Unlimited 108,000 72,000 45,000 36,000

R-2 Unlimited Unlimited 61,500 41,000 25,625 20,500

In almost all cases,
sprinklers will be required



Non-Tall Opportunities – Large Area

Construction Type (All Sprinklered Values)

I-A I-B IV-A IV-B IV-C IV-HT III-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-

4

Unlimited 12 18 12 6 4 4

B Unlimited 12 18 12 9 6 6

R-2 Unlimited 12 18 12 8 5 5

Allowable Area Factor (At) for SM, Feet2 (IBC Table 506.2)

A-2, A-3, A-

4

Unlimited Unlimited 135,000 90,000 56,250 45,000 42,000

B Unlimited Unlimited 324,000 216,000 135,000 108,000 85,500

R-2 Unlimited Unlimited 184,500 123,000 76,875 61,500 72,000



What’s the ‘Sweet Spot’ for Tall Mass Timber?

Depends on many factors:

• Project Use

• Site Constraints

• Local Zoning & FAR Limitations

• Budget

• Client Objectives for Sustainability, Exposed Timber

• And More…

But Some General Trends Could Be: 80 M Street, SE, Washington, DC
Photo: Hickok Cole |   Architect: Hickok Cole



Type IV-C Tall Mass Timber

8 Stories
85 ft

76,875 SF 
max per floor

230,625 SF 
bldg.

(areas noted 
assume no frontage 

increase)

Not Likely to Utilize Podium Due to 
Overall Building Height Limit (85 ft) 
Relative to # of Timber Stories (8)

Same Overall Building Height Limit as 
IV-HT (85 ft) but higher Fire-Resistance 
Ratings Req’d

3 Additional Stories Permitted 
Compared to IV-HT

All Timber Exposed

Example R-2, Type IV-C Building



Type IV-B Tall Mass Timber

Timber, R-2:
12 Stories

123,000 SF 
max per floor

369,000 SF 
bldg.

(areas noted 
assume no frontage 

increase)

Example Mixed-Use, Type IV-B Building

Likely to Utilize Podium Due to Overall 
Building Height Limit (180 ft) Relative 
to # of Timber Stories (12)

Same Fire-Resistance Ratings Req’d as 
IV-C But Limitations on Timber Exposed

4 Additional Stories Permitted 
Compared to IV-C

Limited Timber Exposed

Multi-Story 
Type IA 
Podium
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Type IV-A Tall Mass Timber

Timber, R-2:
18 Stories

184,500 SF 
max per floor

553,500 SF 
bldg.

(areas noted 
assume no frontage 

increase)

Example Mixed-Use, Type IV-A Building

Likely to Utilize Podium Due to Overall 
Building Height Limit (270 ft) Relative 
to # of Timber Stories (18)

Higher Fire-Resistance Ratings Req’d
than IV-B For Primary Frame

6 Additional Stories Permitted 
Compared to IV-B

No Exposed Timber Permitted

Multi-Story 
Type IA 
Podium
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Materials Permitted



MT Type IV Minimum Sizes 

In addition to meeting FRR, all MT elements must also meet minimum sizes

These minimum sizes have been in 
place for old type IV (current type 
IV-HT) construction and the same 
minimums sizes also apply to MT 
used in new types IV-A, IV-B and 
IV-C

Contained in IBC 2304.11

Photo:: Ema Peter



Type IV Minimum Sizes - Framing

Framing Solid Sawn
(nominal)

Glulam
(actual)

SCL
(actual)

Fl
o

o
r Columns 8 x 8 63/4 x 8¼ 7 x 7½

Beams 6 x 10 5 x 10½ 5¼ x 9½

R
o

o
f Columns 6 x 8 5 x 8¼ 5¼ x 7½

Beams* 4 x 6 3 X 67/8 3½ X 5½

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

*3” nominal width allowed where sprinklered 

Photo: WoodWorks



Type IV Minimum Sizes – Floor/Roof Panels 

Floor Panels/Decking:
• 4” thick CLT (actual thickness)
• 4” NLT/DLT/GLT (nominal thickness)
• 3” thick (nominal) decking covered with: 

1” decking or 15/32” WSP or ½” 
particleboard

Roof Panels/Decking:
• 3” thick CLT (nominal thickness)
• 3” NLT/DLT/GLT (nominal thickness)
• 2” decking (nominal thickness)
• 1-1/8” WSP

Photo: StructureCraft

Photos: Aitor Sanchez/ Ewing Cole Photo: LEVER Architecture



MT Type IV Minimum Sizes – Walls

Exterior Walls for Type IV-A B C
• CLT or Non-combustible

Exterior Walls for Type IV-HT
• CLT or FRTW or Non-combustible
• IBC 2018 - 6” Thick Wall (FRTW or CLT)
• IBC 2021 - 4” Thick CLT



MT Type IV Minimum Sizes – Walls

MT Interior Walls in all Type IV:
• Laminated construction 4” thick
• Solid wood construction min. 2 layers of 

1” matched boards
Other Interior Walls in Type IV A,B,C
• Non-combustible (0 hr for nonbearing)
Other Interior Walls in Type IV HT
• Non-combustible (1 hr min)
• Wood stud wall (1 hr min) 

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



Interior Wall Construction Recap

3 Hr 2 Hr 2 Hr 1 Hr or HT*

Laminated construction 4” thick (CLT, NLT, etc)
Solid wood construction min. 2 layers of 1” matched boards

Per Interior Requirements No

0 Hr 1 Hr

No 1 Hr

Noncombustible non-bearing wall

Wood Stud Wall

Construction – MT

NC Protection

Fire Rating (bearing wall)

IV-HTIV-A IV-B IV-C

*IBC 2021 requires at least 1 Hr FRR for HT walls supporting 2 levels



Exterior Wall Construction Recap

3 Hr 2 Hr 2 Hr 2 Hr 2Hr

Mass Timber/CLT 4” min thick CLT* 6” Wall*

40 Min NC &
No Exterior Combustible Coverings

FRT Sheathing, Gyp or other NC

Per Interior Requirements Not Required

No Yes* 6” Wall*

Interior NC Protection

IV-A

IV-B

IV-C

Light Frame FRTW

Mass Timber

Exterior NC Protection

*Changes in IBC 2015, 2018, and 2021 editions

Fire Rating (bearing wall)

IV-HT

IBC 2021 IBC 2018



Tall Wood Fire Resistance Ratings (FRR)



Noncombustible Protection (NC)

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

Mass timber is permitted to have
- Its own fire-resistance rating (Mass Timber only)
- Combination of mass timber fire-resistance plus 

protection by non-combustible materials
- Defined in Section 703.5 

Credit: Urban One



Noncombustible Protection (NC)

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



Noncombustible Protection (NC)

1 layer 5/8 Type X

2 layers 5/8 Type X

3 layers 5/8 Type X



Floor Surface Protection

Credit: Maxxon

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

Min. 1” NC

Mass Timber Floor Panel



Noncombustible Protection

60 min 40 min* Not Req. Not Req.

80 min 40 min* Not Req. Not Req.

120 min 80 min* Not Req. Not Req.

80 min 80 min* Not Req. Not Req.

1” Min NC 
Material

1” Min NC
Material 

Not Req. Not Req.

Below Mass Timber Floor

Above Mass Timber Floor

Primary Frame @ Roof

Primary Frame

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

Noncombustible Protection Required

Roof below Mass Timber

IV-A IV-B IV-C IV-HT



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. 

FRR

NCMT

Credit: Urban One



Type IV-A Fire Resistance Ratings (FRR)

Credit: Urban One

IV-A



Type IV-B Fire Resistance Ratings (FRR)

Credit: Urban One

IV-AIV-B



Type IV-B Fire Resistance Ratings (FRR)

Credit: Urban One

IV-AIV-B



Type IV-C Fire Resistance Ratings (FRR)

Credit: Urban One

IV-AIV-B



MT Fire Resistance Ratings (FRR)

How do you determine FRR of MT?
2 Options:
1. Calculations in Accordance with IBC 722       NDS Chapter 16
2. Tests in Accordance with ASTM E119

Credit: Urban One

aeff = 1.2achar



MT Fire Resistance Ratings (FRR)

MT FRR Calculations Method:
• IBC 703.3 allows several methods of determining FRR. One is 

calculations per 722.
• 722.1 refers to NDS Chpt 16 for exposed wood FRR



MT Fire Resistance Ratings (FRR)

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

Credit: FPInnovations



MT Fire Resistance Ratings (FRR)

Nominal char rate of 1.5”/HR is 
recognized in NDS. Effective char 
depth calculated to account for 
duration, structural reduction in 
heat-affected zone

Credit: ARUP



MT Fire Resistance Ratings (FRR)

Structural capacity check 
performed on remaining 
section, with stress increases

Solid Sawn, Glulam, SCL

CLT

Effective Char Depth
Credit: Forest Products Laboratory



MT Fire Resistance Ratings (FRR)

Tested Assemblies Method:
• Many successful Mass Timber ASTM E119 fire tests have 

been completed by industry & manufacturers

Contact WoodWorks for Inventory of Tests



MT Fire Resistance Ratings (FRR)

Mass Timber Fire Design Resource
• Code compliance options for 

demonstrating FRR
• Updated as new tests are 

completed
• Free download at woodworks.org



MT Fire Resistance Ratings (FRR)

Inventory of Fire Tested MT Assemblies



Tall  Timber Fire-Resistance Design



Concealed Spaces in Type IV

What if I have a dropped ceiling? Can I have a dropped ceiling?
• Impact on FRR, NC placement, sprinkler requirements



Concealed Spaces in Type IV

Previous Type IV (now IV-HT) provisions prohibited concealed spaces

Credit: IBC



Concealed Spaces in Type IV-HT – 2021 IBC



Concealed Spaces in Type IV-HT – 2021 IBC



Concealed Spaces in Type IV-HT – 2021 IBC



Concealed Spaces in Type IV-A, IV-B



Concealed Spaces in Type IV-C



Concealed Space Protection in Mass Timber



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: ARUPPhoto: Urban One



CLT Fire Performance – Fire Re-Growth

In tall buildings, preventing fire re-growth is key. 
Fire re-growth is a phenomenon in which the heat-release rate of a fire 
intensifies following a decay phase. Fire re-growth can be initiated when 
delamination occurs, as this exposes un-charred wood surfaces, thereby 
resulting in an influx of fuel available for consumption by the fire.

Photo: ARUPPhoto: Urban One



CLT Fire Performance – Char Fall Off

Facts about CLT char fall off:
• Only an item to consider in tall buildings. Important to avoid in high-rise 

construction where required performance is containment of fire within 
compartment of origin with no sprinkler or fire service suppression

• Not applicable when discussing mid-rise mass timber (or any building 
under types II, III, IV-HT or V)

Photo: FPInnovations

• Largely a function of adhesive 
performance under high temps

• Has been addressed in PRG 320-18 
(required for all CLT under 2021 IBC, 
not just tall wood)



CLT Fire Performance – PRG 320

2021 IBC Section 602.4 added:
Cross-laminated timber shall be labeled as conforming to PRG 
320 - 18 as referenced in Section 2303.1.4. 

Photo: ARUP



CLT Fire Performance – PRG 320
PRG 320 is manufacturing & performance 
standard for CLT.
2018 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

When designing tall wood – specify CLT per 
PRG 320-18 (req’d in IBC 2021 for all CLT)



Mid-Rise vs. High-Rise



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

Photo: Michael Green Architecture



LATERAL SYSTEMS IN TALL WOOD



INTRO, CLEVELAND
Concrete Core Shearwalls

Photo: Panzica Construction



CARBON12, PORTLAND

Buckling-Restrained Braced Frame

Photos: Marcus Kauffmann, ODF



ASCENT, MILWAUKEE

Concrete Core Shearwalls

Photos: Korb + Associates, Thornton Tomasetti



BROCK COMMONS, VANCOUVER

Concrete Core Shearwalls

Photos: Acton Ostry Architects



FUTURE POTENTIAL LATERAL 
SYSTEM FOR TALL WOOD

Image: KPFF

Mass Timber 
Rocking Shearwalls

Photo: WoodWorks



CONSIDERATIONS FOR LATERAL SYSTEMS

Prescriptive Code Compliance
Concrete Shearwalls
Steel Braced Frames

CLT Shearwalls (65 ft max)
CLT Rocking Walls

Photo: WoodWorks

2021 SDPWS
ASCE 7-22



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

Photos: Marcus Kauffmann, ODF



CONSIDERATIONS FOR LATERAL SYSTEMS
Connections to steel frame
- Tolerances & adjustability
- Ease of installation



Shaft Enclosures in
Tall Timber…

Image: Generate Architecture and Technologies + MIT – John Klein

• When can shaft enclosures be MT?
• What FRR requirements exist?
• If shaft enclosure is MT, is NC req’d?



Tall Wood Shaft Enclosures

Up to 12 Stories or 180 
ft:  MT protected with 2 
layers 5/8” type X gyp 

(if 2 HR req’d) or 3 
layers 5/8” type X gyp 

(if 3 HR req’d) both 
sides

Above 12 Stories or 180 
ft: Noncombustible 

shafts (IBC 2021 602.4)

NC or MT protected 
with 2 layers 5/8” 

type X gyp (IBC 
2021 602.4.2.6) 

both sides

NC or MT protected 
with 1 layer 5/8” type X 
gyp (IBC 602.4.3.6) both 

sides

2 HR (not less than FRR of floor assembly penetrated, IBC 713.4)

Exit & Hoistway Enclosures

E&H Enclosures FRR

IV-A IV-B IV-C



Shaft Enclosure Design in Tall  Timber



CONNECTIONS IN TALL WOOD
Photo: Structurlam



Connection Fire Protection
In Construction Types IV-A, IV-B & IV-C, building elements are 
required to be FRR as specified in IBC Tables 601 and 602.
Connections between these building elements must be able to 
maintain FRR no less than that required of the connected 
members.

Photo: MyTiCon

Source: NDS



Connection Fire Protection

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



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 
250o F (139o C), and a maximum temperature rise of 325o F (181o 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

Photo: Josh Partee Photo: Christian ColumbresPhoto: John Stamets Photo: Blaine Brownell

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



Connection Fire Protection

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

Photo: ARUP/SLB



Connection Fire Protection

Fire Test Results



Connection Fire Protection

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

content/uploads/2018/01/reThink Wood

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


Tall Mass Timber Inspections

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 requirements 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

Wood Connection Coverings for Fire-Resistance



Tall Mass Timber Special Inspections

Source: International Building Code Table is only required for Type IV-A, IV-B, and IV-C



PENETRATIONS IN TALL WOOD
Photo: Alex Schreyer



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

Photos: AWC/FPInnovations



Penetration Fire Protection

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

Photos: AWC/FPInnovations/Hilti



Penetration Fire Protection

Firestop systems tests on Mass Timber 
Contact WoodWorks for information



Penetration Fire Protection

Inventory of Fire Tested Penetrations in MT Assemblies



SEALANTS AT MT PANEL EDGES

Photos: ARUP



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. 

Photo: Charles Judd Photo: ARUPPhoto: NRCAN



Sealants at MT Panel Edges

Several MT fire tested assemblies have successfully been completed w/o 
adhesives/sealants at abutting panel edges

2021 IBC will require periodic special inspections of adhesive/sealant 
installation (when required to be installed)

Photo: Fast + Epp Photo: ARUPPhoto: NRCAN



Joints & Intersecting Elements

Joint?
No (if wall 
is bearing)

SECTION 202
DEFINITIONS

Joint. The opening in or between
adjacent assemblies that is created
due to building tolerances, or is
designed to allow independent
movement of the building in any plane
caused by thermal, seismic, wind or
any other loading.

Considerations:
• Is wall, beam and slab rated? 
• Required to prevent smoke passage?
• Not a tall timber specific item, applicable 

to all mass timber construction



Joints & Intersecting Elements

Source: Hilti

Joint?
Yes (if wall 
is non-brng) Source: International Building Code

Not a tall timber specific item, applicable 
to all mass timber construction



Joints & Intersecting Elements

Source: International Building Code

SECTION 715
JOINTS AND VOIDS

715.3 Fire-resistance-rated assembly intersections.
Joints installed in or between fire-resistance-rated walls, floors or floor/ceiling assemblies 
and roofs or roof/ceiling assemblies shall be protected by an approved fire-resistant joint 
system designed to resist the passage of fire for a time period not less than the required fire-
resistance rating of the wall, floor or roof in or between which the system is installed.

715.3.1 Fire test criteria.
Fire-resistant joint systems shall be tested in accordance with the requirements of either 
ASTM E1966 or UL 2079.

Not a tall timber specific item, applicable to all mass timber construction. Firestop 
manufacturers should be consulted for specific solutions.



Fire Safety During Construction

3308.4 Fire safety requirements for buildings of 
Types IV-A, IV-B, and IV-C construction. 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 3313. 
2. A water supply for fire department operations, 

as approved by the fire chief. 

New code provisions in International Fire Code (IFC) address construction fire 
safety of tall wood buildings

Photo: Structurlam



Fire Safety During Construction

IFC 3313 Standpipe Requirements

Credit: IFC



Fire Safety During Construction
IFC 3308.4 Cont’d
3. Where building construction exceeds six stories above 

grade plane, at least one layer of noncombustible 
protection where required by Section 602.4 of the 
International Building Code 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. 

Exception: Shafts and vertical exit enclosures

Photo: Urban One



Fire Safety During Construction

Credit: ICC



Acoustical Design



Acoustical Design

Air-Borne Sound:
Sound Transmission Class (STC)
• Measures how effectively an assembly isolates air-borne sound and 

reduces the level that passes from one side to the other 

• Applies to walls and floor/ceiling assemblies



Acoustical Design

Structure-borne sound:
Impact Insulation Class (IIC)
• Evaluates how effectively an assembly blocks impact sound from 

passing through it
• Only applies to floor/ceiling assemblies



Acoustical Design

Code requirements only address residential occupancies:

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

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

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



Acoustical Design



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

Tall Timber: Structure Often is Finish



But by Itself, Not Adequate for Acoustics



Mass Timber Acoustics



Acoustical Detailing

Regardless of the structural materials used in a wall or floor 
ceiling assembly, there are 3 effective methods of improving 
acoustical performance:

1. Add Mass
2. Add noise barriers
3. Add decouplers

Image credit: Christian Columbres



Acoustical Detailing

What does this look like in typical wood-frame construction:

1. Add Mass
2. Add noise barriers
3. Add decouplers



Acoustical Detailing

What does this look like in typical wood-frame construction:

1. Add Mass
2. Add noise barriers
3. Add decouplers



Acoustical Detailing

What does this look like in typical wood-frame construction:

1. Add Mass
2. Add noise barriers
3. Add decouplers



Acoustical Detailing

What does this look like in typical wood-frame construction:

1. Add Mass
2. Add noise barriers
3. Add decouplers



Mass Timber Acoustics

Mass timber has relatively low “mass”
Recall the three ways to increase acoustical performance:

1. Add Mass
2. Add noise barriers
3. Add decouplers

Image credit: Christian Columbres



Mass Timber Acoustics

Concrete Slab:
6” Thick
80 PSF
STC 53

CLT Slab:
6-7/8” Thick
18 PSF
STC 41



Mass Timber Acoustics



Mass Timber Acoustics

Acoustical Mat:
• Typically roll out or board 

products
• Thicknesses vary: Usually ¼” 

to 1”+ 

Image credit: Maxxon



Mass Timber Acoustics



Mass Timber Acoustics

Common mass timber floor 
assembly:
• Finish floor (if applicable)

• Underlayment (if finish floor)

• 1.5” to 4” thick 
concrete/gypcrete topping

• Acoustical mat

• Mass timber floor panels

Image credit: AcoustiTECH



Mass Timber Acoustics



Mass Timber Acoustics

http://www.woodworks.org/wp-content/uploads/wood_solution_paper-
MASS-TIMBER-ACOUSTICS.pdf

Solutions Paper

http://www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf
http://www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf


Mass Timber Acoustics

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

Inventory of Tested Assemblies

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




TALL TIMBER CODE ADOPTION



Credit: State of Oregon



Credit: State of Washington



Credit: City of Denver, Mile High CRE



Credit: State of Utah



Source: Softwood Lumber Board

On August 13, 2020 the California Building 
Standards Commission grouped the tall wood code 
change proposals into one agenda item and 
passed them unanimously.

The changes will be published as an amendment 
to the 2019 CBC on January 1, 2021 and will 
become effective on July 1, 2021



Credit: State of Georgia

Early adoption review underway, 
final decision by July 2021





IBC 2021 Adoption in Texas

• Dallas 
• Includes upcoming IBC 2024 allowance for 100% mass timber ceiling exposure 

in Type IV-B construction

• Austin

• Fort Worth

• Bryan

• Plano

• Allen

• Carrollton

• Grand Prairie



Questions? Ask us anything. 

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

Mark Bartlett, PE
Regional Director | TX
(214) 679-1874
mark.bartlett@woodworks.org

mailto:mark.bartlett@woodworks.org
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