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Course Description

The introduction of three new construction types in the 2021 International Building Code has
created exciting possibilities for tall mass timber buildings. However, to effectively and
efficiently implement the new code provisions for construction types IV-A, IV-B and IV-C, it is
necessary to thoroughly understand the allowances and required design methodologies. This
presentation will take a detailed look at a number of critical design and construction topics
for tall timber buildings, including high-rise and sprinkler requirements, options for lateral
force-resisting systems, fire design for penetrations, connections and abutting panels, shaft
wall considerations, acoustics performance, and construction fire safety practices.



Learning Objectives

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

2. Highlight design options for addressing topics such as fire stops at
penetrations through mass timber assemblies and fire resistance of exterior
walls in tall timber structures.

3. Discuss the acoustical performance of mass timber assemblies and highlight
successful acoustical design approaches.

4. Demonstrate examples of lateral force-resisting systems in tall mass timber
buildings and discuss differences in code compliance and material tolerances.



Tall Timber Construction Types

Credit: Susan Jones, atelierjones



DOES TALL WOOD = HIGH RISE?



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



LATERAL SYSTEMS IN TALL WOOD









ASCENT, MILWAUKEE
Concrete Core Shearwalls

Photos: Korb + Associates, Thornton Tomasetti



Photos: Acton Ostry Architects



FUTURE POTENTIAL LATERAL
SYSTEM FOR TALL WOOD

Image: KPFF

Mass Timber
Rocking Shearwalls



CONSIDERATIONS FOR LATERAL SYSTEMS

Prescriptive Code Compliance
Concrete Shearwalls
Steel Braced Frames
CLT Shearwalls (65 ft max)  “Laccrpy
CLT Rocking Walls X




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



SHAFT ENCLOSURES



Shaft Enclosures in
Tall Timber...

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

Image: Generate Architecture and Technologies + MIT — John Klein



Tall Wood Shaft Enclosures

Exit & Hoistway Enclosures

E&H Enclosures FRR

IV-A

\VV-B

V-C

Up to 12 Stories or 180 ft:

MT protected with 2
layers 5/8” type X gyp (if
2 HRreq’'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)




Shaft Enclosure Design in Tall Timber
| |



CONNECTIONS IN TALL WOOD



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. 16.3 Wood Connections

Wood connections, including connectors, fasteners,
and portions of wood members included in the connec-
tion design, shall be protected from fire exposure for
the required fire resistance time. Protection shall be
provided by wood, fire-rated gypsum board, other ap-
proved materials, or a combination thereof. 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.  source: awcs TR 10

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.



Connection Fire Protection

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



Connection Fire Protection

Fire Test Results



Connection Fire Protection

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

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 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



Tall Mass Timber Special Inspections

TABLE 1705.5.3
REQUIRED SPECIAL INSPECTIONS OF MASS TIMBER CONSTRUCTION

Continuous Special Periodic Special

Type
Inspection Inspection

1. Inspection of anchorage and connections of mass timber construction to timber dee
foundation systems.
2. Inspect erection of mass timber construction

3. Inspection of connections where installation methods are required to meet design loads
3.1. Threaded fasteners

X

<

3.1.1. Verify use of proper installation equipment.

3.1.2. Verify use of pre-drilled holes where required.
3.1.3. Inspect screws, including diameter, length, head type, spacing, installation angle,
and depth.

3.2. Adhesive anchors installed in horizontal or upwardly inclined orientation to resist
sustained tension loads

< | <

<

[><

3.3. Adhesive anchors not defined in 3.2.

33

3.4. Bolted connections

< [ 1<

3.5. Concealed connections

source: International Builing code ~~ 1@DN@ 1S Only required for Type IV-A, IV-B, and IV-C
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NEW MASS TIMBER CONNECTIONS INDEX

ARCHITECTURE
URBAN DESIGN
INTERIOR DESIGN

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



NEW MASS TIMBER FLOOR VIBRATION DESIGN GUIDE

Worked office, lab and
residential Examples

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




PENETRATIONS IN TALL WOOD



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



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



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

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)



Occupancy Separation

Protection of MT used for occupancy separation

Addition to IBC 508.4.4.1 requires:

Mass timber elements serving as fire barriers or
horizontal assemblies to separate occupancies in
Type IV-B or IV-C construction shall be separated
from the interior of the building with a minimum
of 4" gypsum board or a noncombustible
equivalent.

Photo: MIT | John Klein



FIRE SAFETY DURING CONSTRUCTION



Fire Safety During Construction

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

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.



Fire Safety During Construction

IFC 3313 Standpipe Requirements

SECTION 3313
STANDPIPES

3313.1 Where required.

In buildings required to have standpipes by Section 905.3.1, not less than one standpipe shall be provided for use during construction. Such standpipes shall be installed prior to
construction exceeding 40 feet (12 192 mm) in height above the lowest level of fire department vehicle access. Such standpipe shall be provided with fire department hose connections at
accessible locations adjacent to usable stairways. Such standpipes shall be extended as construction progresses to within one floor of the highest point of construction having secured
decking or flooring.

3313.2 Buildings being demolished.

Where a building is being demolished and a standpipe is existing within such a building, such standpipe shall be maintained in an operable condition so as to be available for use by the
fire department. Such standpipe shall be demolished with the building but shall not be demolished more than one floor below the floor being demolished.

3313.3 Detailed requirements.
Standpipes shall be installed in accordance with the provisions of Section 905.

Exception: Standpipes shall be either temporary or permanent in nature, and with or without a water supply, provided that such standpipes comply with the requirements of Section
905 as to capacity, outlets and materials.

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



Fire Safety During Construction

|
|
;|
|

Prior to placement of mass timber floor panels all building |-1.4. i .I ......
elementsmorethan4 floor levelsbelow the level of active

masstimber construction shall be protected as required
bythis section.

Floor level of active mass timber construction.

Noncombustible floor covering required at this level
and all lower floor levels

Heavy bold lines indicate elements one layer of
noncombustible protection on building elements of
masstimber when required by Section 604.2

Shading indicates where exterior wallcovering isrequired
\'I—L |

Examples of Protection During Construction
For Mass Timber Buildings Greater Than
6 Stories Above Grade Plane

w

2 1 |

Figure 2

| Grade Plane

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 (lIC)

* 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

25| Nomalspeech canbe uncersood e casly and dsincly trovghwal

m Onset of "privacy"

m Loud speech audible as a murmur

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

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

Superior soundproofing; most sounds inaudible




Tall Timber: Structure Often is Finish

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



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




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:

3. Add decouplers



Acoustical Detailing

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

1. Aad 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




Mass Timber Acoustics

Concrete Slab: CLT Slab:

6” Thick 6-7/8” Thick
SOPSF oo o 18 PSF

sT¢c 53 +——— STC41




Mass Timber Acoustics



Mass Timber Acoustics

—

Acoustical Mat:

e Typically roll out or board
products

* Thicknesses vary: Usually 72"
to1”+



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
WSP (if applicable)
Mass timber floor panels

Image credit: AcoustiTECH



Mass Timber Acoustics

Where can you find acoustically tested assemblies?

CLT Floors in CLT Handbook

1 = Carpet, or floating flooring about 2/5”
on 1/8” resilient underlayment of 0.16 to
0.37 Ib./ft.2

2 =At least 5.12 |b./ft.2 dry topping, e.g. ~45 ~45
0.8-1” gypsum board, cement fibreboard

3 = Resilient underlayment, e.g. 2/5”
rubber mat of 0.84 Ib./ft.2 , %4 texture felt
of 0.27 Ib./ft.2, 72" low density wood
fibreboard of 0.73Ib./ft.2

4 = 5-layer CLT of 6-7/8”

- Replace the dry topping by wet topping,
e.g. 1.5” concrete of at least 15.6 Ib./ft.2 ~50 ~50




Mass Timber Acoustics




Mass Timber Acoustics

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

Inventory of Tested Assemblies

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



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




Tall Mass Timber Acoustics

Table 2: Impact of Direct Applied Ceiling Gypsum and Dropped Ceiling on Mass Timber Floor Panels’

Base Assembly (top to bottom)

Base assembly plus 2 layers direct
applied 5/8” gyp on underside of

Base assembly plus 2 layers
direct applied gyp plus dropped

mass timber ceiling
1” poured gypsum, STC 50 STC 52 STC 63
acoustical mat, 5-ply CLT | IIC 40 I1C 46 IIC 60
LVT, 1” poured gypsum, | STC 51 STC 52 STC 63
acoustical mat, 5-ply CLT | IIC 43 I1C 48 IIC 63
2” concrete, acoustical STC 52 STC 59 Not tested
mat, S-ply CLT I1C 46 [1C 52
LVT, 2” concrete, STC 53 STC 58 Not tested
acoustical mat, 5-ply CLT | IIC 52 IIC 55
Base Assembly With Direct Applied With Direct Applied
Exposed Timber Ceiling Gyp Ceiling Gyp &

Dropped Ceiling




NEW MASS TIMBER DESIGN MANUAL

80+ pages of mass timber
technical resources, case studies
and more. Links directly to many
additional resources.

Jointly Produced By:

https://info.thinkwood.com/masstimberdesignmanual



https://info.thinkwood.com/masstimberdesignmanual

NEW MASS TIMBER BUSINESS CASE STUDIES

Download online at
www.woodworks.org/mass-

timber-business-case-studies

Includes financial return
performance data on mass
timber projects

Developers share lessons
learned, challenges and
successes


https://www.woodworks.org/mass-timber-business-case-studies/

MASS TIMBER CONSTRUCTION MANAGEMENT
RESOURCES

In Progress/Development

Stay up to date with training for construction
@ managers, GC’s, and installers at our website:

MASS TIMBER VIRTUAL OR IN-PERSON

CONSTRUCTION WORKSHOPS https://www.woodworks.org/mass-timber-

MANUAL INSTALLER TRAINING

construction-management-program

In Planning

A Brandon Brooks
ﬁ Construction Management Program Manager
p: (760) 271-3722

ENGAGE WITH COMMUNITY COLLEGES PARTNER WITH

e: brandon.brooks@woodworks.org
GENERAL CONSTRUCTION

CONTRACTORS ASSOCIATIONS



https://www.woodworks.org/mass-timber-construction-management-program/

Q U E S TI O N S ? This concludes The American Institute

of Architects Continuing Education
Systems Course

Anthony Harvey, PE
Regional Director

anthony.harvey@woodworks.org
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