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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
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Course Description

Traditionally, the role of the structural engineer on building projects has focused on structure-related
tasks — member sizing, connection detailing, general notes, and specifications for structural
components. Design criteria such as fire-resistance ratings, acoustics, and aesthetics have primarily
been the architect’s domain. However, when it comes to mass timber, especially tall timber buildings,
the structure often contributes to the building’s passive fire resistance while functioning as an exposed
finish. This combination of structure, finish, and fire resistance makes the mass timber design process a
necessarily collaborative effort between architect and engineer. This webinar will discuss how these
topics are interrelated and will provide examples of fire and structural designs that meet 1- and 2-hour

rating requirements of mid-rise and tall mass timber buildings within the IBC.



Learning Objectives

1. Explain the building code requirements for fire-resistance ratings of exposed mass timber structural
elements in mid-rise and tall structures.

2. Explore the options of structural char calculations vs. furnace fire testing in order to demonstrate
compliance with code-mandated hourly ratings of mass timber floor, roof and wall panels.

3. Highlight changes to the 2021 and 2024 IBC which permit taller mass timber buildings, with more
exposed timber surfaces.

4. Review the options of designing fire protected connections and penetrations in an exposed mass

timber building.



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

Beams & columns Solid sawn laminations SCL laminations

Photo: Freres Lumber
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Dowel-Laminated Timber (DLT) Nail-Laminated Timber (NLT) Glue-Laminated Timber (GLT)

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft
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Key Early Design Decisions

Construction Type — Primarily based on building size & occupancy

Construction Type (All Sprinklered Values)
IV-A IV-B IV-C IV-HT l-A I-B V-A V-B
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R 270 180 85 85 85 85 70 60
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A-4 18 12 6 4 4 3 3 2
B 18 12 9 6 6 4 4
R-2 18 12 8 5 5 5 4 3
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2, A-3, A-4 | 135,000 | 90,000 56,250 45,000 42,000 28,500 34,500 18,000
B 324,000 | 216,000 135,000 108,000 85,500 57,000 54,000 27,000
R-2 184,500 | 123,000 76,875 61,500 72,000 48,000 36,000 21,000
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For low- to mid-rise mass timber buildings, there may be
multiple options for construction type. There are pros and
cons of each don’t assume that one type is always best.

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

A-2, A-3, A-4 | 135,000 90,000 56,250 45,000 42,000 28,500 34,500 18,000
B 324,000 | 216,000 135,000 108,000 85,500 57,000 54,000 27,000
R-2 184,500 | 123,000 76,875 61,500 72,000 48,000 36,000 21,000




Key Early Design Decisions

Fire-Resistance Ratings
* Driven primarily by construction type
 Rating achieved through timber alone or non-com protection

required?
TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS [(HOURS)
BUILDING ELEMENT TYPEI TYPEI TYPE Il TYPE IV TYPE WV
A B A B A B A B C HT A B
Primary structural frame® (see Section 202) S b I L I L I S L 1 3 > 2 HT 1= | 0
Bearing walls
Exterior* 3 2 0 2 2 3 2 2 2 0
Interior ¥ » 0 1 0 3 2 2 1/HT® 0
Nnnbea:mg walls and parlitim:u; See Table 705.5
Exterior
Nonbearing walls and partiti See
pmtiie oo | o|of o|o0o| 0| 0| 0] Seton| 0|0
2304.112
Floor construction and associated secondary _
structural members (see Section 202) 2 2 1 0 1 0 2 2 2 HT 1 0
Roof construction and associated secondary 1,6 b b c b b
shructural bers (see Section 202) A | 1 0 1 0 1 1 1 HT 1 0




Key Early Design Decisions

Flre-ReS|stance Ratings (FRR)

Thinner panels (i.e. 3-ply) generally difficult to achieve a 1+ hour
FRR

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

« Construction Type | FRR | Member Size | Grid (or re-arrange that
process but follow how one impacts the others)

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







Construction Types

When does the code allow mass
timber to be used?

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

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

I BC‘.(
A Mambar of the Nermational Code Famdy

INTERNATIONAL
BUILDING CODE"




Construction Types

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

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

However, there are exceptions including several for mass timber



Construction Types

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

7 B
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Image: StructureCraft Builders



Construction Types

All wood framed building options:

Type llI
Exterior walls non-combustible (may be FRTW)

Interior elements any allowed by code, including mass timber

Type V
All building elements are any allowed by code, including mass timber

Types!lll and V are subdivided to A (protected) and B (unprotected)

Type IV (Heavy Timber)
Exterior walls non-combustible (may be.FRTW OR CLT)

Interior.elements qualify as Heavy Timber (min. sizes, no concealed
spaces except in 2021 IBC)




Construction Types

Where does the code allow MT to be

used?

* Type lll: Interior elements (floors,
roofs, partitions/shafts) and exterior
walls if FRT

ICE Block |, RMW Architecture & Interiors, Buehler Engineering,
Bernard André Photography



Construction Types

Where does the code allow MT to be used?

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

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

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

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

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

*3” nominal width allowed where sprinklered



Construction Types

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

Image: Christian Columbres Photography




Construction Types

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

Type V: 4 storles

Type IV: 6 stories



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

Office

fscambly o Hesned NFPA 13 Sprinkler
Office
— 180 ft
Mercantile Assembly < oy
(12 stories) — Residential —| g (12 stories)
Office 2
Mercantile (9 stories) —|
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C
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Type IV-B Protection vs. Exposed

Ceiling Exposed
(<20%)

Utllity
room

Closet

Wall Exposed
(<40%)

Credit: AWC

Kitch

Ceiling Exposed
(<20%)

Ceiling Exposed
(<20%)

o
3 Bathroom
o
Utllity
Hallway mhe
Closet
H Bedroom
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Key Early Design Decisions

Construction type influences FRR

TRDLE DUl

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS
TYPE IV
c

BUILDING ELEMENT
~i

Primary strmctural frame’ (see Section 202)

Bearing walls
Fxterior:? 3 2 1 i
Interior 3 iy | {
Nonbearing walls and partitions
Extenor
Nonbeanne walls and 1tons See
: s o |l o | ol o Saition
2304.11.2

Interior?

Floor construction and associated secondary
stiuctural members (see Section 202)

Roof construction and associated secondary )
structural members (see Section 202) '
Source: 2021 IBC




Key Early Design Decisions

Amorican Wood Councll

Construction type influences FRR

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

Method of demonstrating FRR (calculations or testing)
can impact member sizing

INTERNATIONAL

BUILDING CODE
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CLT structural capacity
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Original CLT depth

Credit: David Barber, ARUP



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing

« Tested Assemblies (IBC 703.2)

ASTM E119 Time Temperature Curve . Analytical Methods (IBC 703_3):

1800 1. Fire-resistance designs in
e “approved sources”
2 1200 2. Prescriptive assemblies in IBC 721
1000 3. Calculations per IBC 722
Q 800
5 600 4. Engineering analysis based on

;gg tested assemblies

0 5. Alternative methods per IBC 104.11
° S PR S 6. Fire-resistance design certified by

Time (min)

approved agency



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing

ASTM E119 Time Temperature Curve

0 30 60 90 120 150
Time (min)

180

« Tested Assemblies (IBC 703.2)

~Analytical Methods (IBC 703.3):

1. Fire-resistance designs in
“approved sources”

2. Prescriptive assemblies in IBC 721

3. Calculations per IBC 722

4. Engineering analysis based on
tested assemblies

5. Alternative methods per IBC 104.11

6. Fire-resistance design certified by
approved agency

Test reports from approved 39 party fire test labs



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing

WESTERN FIRE CENTER, INC.

2204 Parrott Way, Kelso, Washington 98626
Phone: 3604231400 | Fax: 3604235001

Owrc

Fire Resistance Testing of CLT Floor/C
Assemblies

Indicative testing conducted following the test methodology dd
ASTM E119: Standard test methods for fire tests of butldiy
construction materials

Conducted For:

Oregon State University

College of Forestry — Wood Science & Engineerin
106 Richardson Hall

Corvallis, OR 97331

WFCi Report #16046a

Test Date: October 26, 28, & November 1, 2016
Report Issued: December 2, 2016

TEST REPORT

Intertek

REPORT NUMBER: 1028912585AT-001
ORIGINAL ISSUE DATE: Febwuary 27, 2017
REVISED DATE: MiA

EVALUATION CENTER
18015 Shady Falls Road
Elmendod, TX TE112
Phone: (290) 635-8100
Fa: (2107 B35-8101
www_intorbok, com

RENDERED TO

Structurlam Products LP

2176 Government Street

Penticton, BC V2A 8B5
Canada

PRODUCT EVALUATED: Crosalam™ CLT Un-resirained Load-Bearing
Floon Coding Assembsty
EVALUATION PROPERTY: Fire Resstance

Repart of Testing a Cressbam” CLT Un-restrained Load-Bearing

SOUTHWEST RESEARCH INSTITUTE

€200 OAEEAA MOAD TAIISSWE  «  SAN ANTCHNO, TEXAS ¢ IV - DWNORO

CHENAETRY AND CHEMICAL ENGINEERNG

FRE TECHNOL O0Y JEPARTMENT
W T

FL R0
PAK (Y 8223377

©

FIRE PERFORMANCE EVALUATION OF AN
UNRESTRAINED LOAD-BEARING FLOOR ASSEMBLY
TESTED IN ACCORDANCE WITH ASTMELL9.20,
STANDARD TEST METHODS FOR FIRE TESIS OF
BUILDING CONSTRUCTION AND MATERIALS

FINAL REPORT
Consisting of 22 Pages

SwRI® Project No. 01.27009.01.407b
Test Date: Jamuary 31,2022
Report Date: March 2, 2022

Prepared for:
Structurlam Mass Timber U.S. Inc.

1800 Sturgis Road
Conway, AR T20M

Submutted by Apptoved by
M s 5 3 "
MCurtis R Matthew
2022 .
Roberds [::cn:s s 423(?3 S Blais

Digitally signed by
Matthew S Biais
Date 202203.03
102355 -6500




Demonstrating Fire Resistance Ratings

WoodWorks Inventory of Fire Tested MT Assemblies

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

WDOD PRODUCTS COUNCIL

H ~
& WOODWORKS

Fire
Mass Timber CLT Grade or Resistance
Manufacturer : Ceiling Protection Pancl Connection Floor Topping Load Ratin Source Testing Lab
Panel Timber Grade ” pping & Achieved s
(Hours)
Iplv CLT SPF 1650 Fb 1LAE MSR Reduced 1
LES N - | 2 hayers 127 e X yvpsun al-Ls None g NRC Fire Labosatory
(1 1 4mm £ 488 1) ordic x SPF #3 fayers | Type X iypsum Hall-Lap o 36% Moment Capascity l | dest 1) e Labemtory
Iply CLT - . . Reduced | -
‘ Structurfam SPF 21782 x SPF 21/82 1 layer 5/8" Type X gypsum Half-Lap None | NRC Fire Labocatory
(105mm 4.133 ) . weL s ' 5 e 75% Moment Capacity (Test 5) & eean
Sply CLT ) Laaded, NRC Fire Laboratory
3 N ] H| Notw b'S ] 2 staggered layers of 1/2" cement 2 2 =
(175mm 6.475%) ordic I 0tw Topside Splne staggered layers o ement boards Chd Mo March 2016
. 1 layer of 387 Type X gypsum undor Z .
Sply CLT g o e D Lasded. NRC Fire Lakx
. ply € RIS Noedic El chamnels med furnng strips with 3 38° Topside Spline 2 staggered layers of 1/2" cement hoards > adod 2 ) - F1ng Labryary
(175mm 6.875%) :3:-::3!;; bats X ' See Manufactarer Nov 2014
Soply CLT . X X4 in. peoprictary gyperete over Maxxon Reduced .
iy o ] : : Noue side Spline e . . 1.5 3 ul
(175mm 6.875%) Nordic = i b acoustical mat 30% Moment Capactiy 4
Saqply CLT U 5 4 in proprictary gyperete over Maxxon Reduced .
v ! 3 El 1 layer S8 | gyps Topside Sphng v I 2 2 4 Ul
(175mum 6,875%) Nordic b el oo Ao e peoustical mat or propoictary sound board 0% Moment Capactiy
. 1 Tayer 58" Type X gyp wader Reslien
Sply CLT S < - J na Loaded. Intertek
G ! v El Clianne under 7 7/87 I-Joists with 3 12" Half-Lap N 2 2
(175mum 6.875%) Nowdie umv;'hn’-:':; Wat 'w;::’::‘l: sk e See Manufacturer 8242012
S-ply CLT ) EIMS R 1-1/2" Maxxon Cyp-Girete 2000 aver Londed . B
Structurk: - 2 Nore T de Spline 3 A h 25 6 Intertek. 272272016
(175mm 6.875°) e MSR 2100 x SPF 2 o NpS Maxxon Reinforcing Mesh Sce Manufacrarce e
Seply CLT Half-Lap & Loaded. .
P DR Job Vi Nooe P 2* gypsum t > 7 SWRI (May 201
(175mm 6.875%) ~nn oS Topside Spline < Eypsum toppang See Manufactarer 2 SwRI (May 2016)
Lply CLY SPF 1930 Fb MSR Reduced l .
o N } e Notw Hall-Lap Noew . LS 0 NRC Fure Laboratory
(175mm 6.875%) i x SPF £3 s b s 59% Moment Capacity (Test 3) vt
A 2 o
Sply CLY s AvaS e 2 2y S g Unreduced o 1 :
Struc SPF 2 x SPF 2 ayer 5/8 X gvps alf 2 N ire L '
(17Smm 6.875%) Structuriam PF #1/¥2 x SPF #Li¥ | layer 5/8" Type X gypsum Half-lap None 101% Moment Capacity (Test 6) RC Fire Laborutory
Tply CLT - : Unreduced 1
_Tply CLT Structurfam SPE X142 x SPF ¥ Nooe Half-Lap None Unreduce 75 = NRC Fire Laboratary




Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing

ASTM E119 Time Temperature Curve

2000
1800
1600

» Pass / Fail Criteria for Selected Time
« |IBC 703.3 recognized routes to approval:
1. Fire-resistance designs in “approved
sources”

%1;82 2. Prescriptive assemblies in IBC 721

£ 1000 3. Calculations per IBC 722

g& 800 4. Engineering analysis based on tested
& 600 assemblies

AN
o
S
&)

. Alternative methods per IBC 104.11
. Fire-resistance design certified by

0 approved agenc
0 30 60 90 120 150 180 pp g y

Time (min)

N)
o
S

o

Calculation methods per NDS



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing

« Tested Assemblies (IBC 703.2)

ASTM E119 Time Temperature Curve . Analytical Methods (IBC 703_3):

1800 1. Fire-resistance designs in
e “approved sources”
2 1200 2. Prescriptive assemblies in IBC 721
81223 3. Calculations per IBC 722
5 600 4. Engineering analysis based on

;gg tested assemblies

0 5. Alternative methods per IBC 104.11
° S PR S 6. Fire-resistance design certified by

Time (min)

approved agency

Approved calculation methods per NDS



Code Path for Exposed Wood Fire-Resistance Calculations

Demonstration Fire Resistance Ratings IBC 703.3

Methods for determining fire resistance
¢ Prescriptive designs per IBC 721.1
Calculations in accordance with IBC 722

Calculated FRR of Exposed Timber: : o e i el s
I BC tO N DS COd e com pl |a nce path Alternate protection methods as allowed by 104.11

IBC 722
Calculated Fire Resistance

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

NDS

National Design Specification” for Wood Construction g NDS Chapter 16

';'015 EDITION
INTERNATIONAL Fire Design of Wood Members

BUILDING CODE" [ e )
¢ Limited to calculating fire resistance up to 2 hours

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

* TR 10 and NDS commentary are helpful in
implementing permitted calculations.

3)




NDS Chapter 16 Calculation Method

Table 16.2.1A Char Depth and Effective Char
Depth (for [» = 1.5 in./hr.)

Nominal char rate of 1.5”/hour is

recognized in NDS for solid sawn, Char Effective Char
- Required Fire Depth, Depth,
gluam, CLT, SC!_ and decking wood Resistance A A
products. Effective char depth (hr.) (in.) (in.)
. . : 1.5 1.8
calculated to account for fire duration. 1', /“J‘" , ,

>-Hour Z:l 2.5
2-Hour 2.6 3.2

Table 16.2.1B Effective Char Depths (for CLT
with $,=1.5in./hr.)

Required Effective Char Depths, a,.,
Fire (in.)
Endurance lamination thicknesses, hiw (in.)
(br.) 58 |34 | 7/8 | 1 |1-1/4| 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 (22| 21 |20]| 20 1.9 1.8 | 1.8 | 1.8
1%-Hour 34 32| 31 |30 29 | 28 | 28 | 28 | 26
2-Hour 44 (43| 41 (40| 39 | 38 | 36 | 36 | 36




NDS Chapter 16 Calculation Method

FIRE DESIGN
OF WOOD
MEMBERS

NDS

SUPPLEMENT

INATIONAL DESIGN SPECIFICATION
Design Values for Wood Construction

AMERICAN
WOOD
COUNCIL

NDS Chapter 16 includes
calculation of fire resistance of

NLT, CLT, Glulam, Solid Sawn
and SCL wood products

Table 16.2.1B Effective Char Depths (for CLT
with pr,=1.5in./hr.)

Required Effective Char Depths, a...,
Fire (in.)
Endurance lamination thicknesses, huw (in.)
(hr.) S5/8 | 3/4 | /8 1 |1-1/4| 1-3/8 |1-1/2|1-3/4| 2
1-Hour 22 122 21 |20 2.0 1.9 1.8 | 1.8 1.8
1%-Hour 34 |32 31 |30 29 2.8 28 | 28 | 26
2-Hour 44 143 41 40| 3.9 38 36 | 3.6 3.6




NDS Chapter 16 Calculation Method

Table 16.2.2 Adjustment Factors for Fire Design*

Structural capacity check

o o ASD
performed on remaining R |
section, with stress increases TR IERERE R

| o | - e &
Charci};erfbase Bending Strength Fy X 2.85 Ce C, G G
Pyrolysis zone Beam Buckling Strength | X 2.03 -
Pyrolysis zone base Tensile Strength F, X 285 G
Normal wood Compressive Strength s X 2.58 Cs Ce
Column Buckling Strength Fe X 2.03 -

d

=B, t75 Solid Sawn, Glulam, SCL

char

achar = nldm hlam T Bt (t ) (nldm tgi )

)0.813

CLT

a, =1.2a,, Effective Char Depth

Credit: Forest Products Laboratory



FRR Design of MT

Method of demonstrating FRR (calculations or testing) can impact
member sizing

Each has unique benefits:

* Testing:
« Can result in higher FRR for some assemblies when compared to
calculations (i.e. 2-hr FRR with 5-ply CLT panel).
 More universally understood and accepted

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



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing

« Tested Assemblies (IBC 703.2)

ASTM E119 Time Temperature Curve . Analytical Methods (IBC 703_3):

1800 1. Fire-resistance designs in
e “approved sources”
2 1200 2. Prescriptive assemblies in IBC 721
1000 3. Calculations per IBC 722
Q 800
5 600 4. Engineering analysis based on

;gg tested assemblies

0 5. Alternative methods per IBC 104.11
° S PR S 6. Fire-resistance design certified by

Time (min)

approved agency

For example, a “UL Listing”



1 Hour Fire Resistance Rated Mass Timber Floor?

But what about 1 hour rating without ceiling protection?

WOODWORKS"

WOOD PRODUCTS COUNCIL

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

Fire
Mass Timber CLT Grade or Resistance
Manufacturer = Ceiling Protection Panel Connection Floor Toppi Load Ratin Source Testing Lab
Pancl Timber Grade & e . Achieved &
{Hours)
J-ply CLT SPF 1630 Fb 1.5F MSR 2 Reduced | .
) Nordic 2 layers 12" Type X gyp L : . NRC Fire L oy
(1 14mm 4488 in) ardic x SPF #3 layers 127 Type X gypsum Half-Lap Noww 36% Moment Capacity I (Test 11 RC Fire Laborstory
J-ply CLT - . " . - Reduced I -
Structy SPF #1782 x § a2 | &% c) alf- Nope . :
(105 4.133 in) Structurlam SPF 81/82 x SPF al/a layer Type X gypsum Half-Lap None 75% Moment Capacity | (Test S) NRC Fire Labaratoey
Seply CLT . 3 2 ¢ Loaded, NRC Fire Laboratory
’ \ - g N » () > ] w 2 A O o i:' 0 - " S = 2 2 s
(175mm 6.875%) ordic E1 ane Tapside Spline staggered layers of 127 cement boards S Maacibacties March 2016
g 1 layer of 38" Type X gypsum under Z T :
5- AL
Sply (L X Nardic El channels and furring strips with § 87 Topside Spline 2 staggered layers of 1'2" cement boards . l,wd\"d. 2 5 s, Fige " aomsiney
{175min 6.8757) fiberghass hats - : See Manufacturer Nov 2014
Sply CLT ¢ , T 34 1. propoctary gyperete over Maxxoa Reduced
’ c E1 None Tapside Spline e o 1.5 3 UL
{175mun 6.8757) Nordic me Opyide Spta ncoustical mat 5026 Maoment Capactiy
S-ply CLT X : ~ s 34 n, proprctary gyperete aver Maxxon Raduced
’ . 3 ayer SR side S > ! ’ - . X 2 i I
(175mm 6.873%) Nordic L kiayee Al g TopnaR e acoustical mat or proprictary sound hoard 500% Moment Capactiy 4 o
1 layer S8 Type X gyp under Resilient
Soply CLT . X . % o i . Loaded, Intertek
y Fl Chansel wnder 7 73" Lok h3 12 Half-1. Nane 2 21
(175mm 6.8757) Nerdic R e i A - See Marufacturer 82472012
S-ply CLT ~ EIMS RPN 1-172° Maxxon Cyp-Grete 2000 over Loadad,
v Structurli Nane Topside Spline S . 2.5 6 Intertek, 2222016
(175mm 6.875") rusturiam MSR 2106 x SPF #2 ane apside Spline Maxxon Reinforcing Mesh See Manufacturer e
S.ply CLT ) Hall-Lap & . Loaded,
> ¢ vV None b ] p 7 SwRI (May 2016
(175mmn 6.8757) DR Jokmssm ' s Tapside Spline PRI PP See Manufacturer ORI My 206}
3-ply CLT Nordic SPF 1930 Fb MSR Nans Half-l %0 None Reduced 1.5 I NRC Fire Labaorstoey




Calculated Structural Fire Resistance Rating of CLT

NDS Ch 16 char model of 4 1/8” CLT with (3) 1-3/8” Layers with 1 Hour FRR

Table 16.2.1B Effective Char Depths (for CLT

«SCLY

with §»= 1.5in./hr.) 2.20
Required Effective Char Depths, a, V
Fire (in.) A
Resistance lamination thicknesses, hy,, (in.)
(hr.) — : . ; 1.93”
SR |34 78 1 |1-114 1-1/2)1-3/4 2
1-Hour 22 1221 21 |20] 20 1.9 1.8 1.8 1.8 N
1'5-Hour 34 1321 3.1 |30] 29 2.8 28 | 28 2.6
2-Hour 44 |43 41 |40] 39 38 36 | 36 36

deff = 1-Zachar
= 1.9 in. tabulated
= 1.93 in. calculated
achar = 1.61 in. calculated



Demonstrating Fire Resistance Ratings

NDS Ch 16 char model of 4 1/8” CLT with (3) 1-3/8” Layers with 1 Hour FRR

Topping layers —

—>
N\
Major direction layer > ,
—)

Minor direction layer

A V4
Tl )

Heat affected layer, 0.2 achar /

2.20”

1.93”

«SCLY

Predicted char layer, achar /

After 1-hour standard fire expose, typical exposed 3-ply CLT is structurally
1 layer of solid lumber in plank orientation spanning in major direction



Flatwise Flexural Strength Design

W =40 psf DL, 40 psf LL

Given:

. 12 foot, simple span floor A
o 40 psf live load, 40 psf total dead load ? |
+ Using V14 1/8” 3-Ply CLT  i2footspan
Gravity Checks:

. ASD applied D+L moment My, = wL?/8 = (80psf) (12ft)?/8 = 1440 lb-ft/ft

. ASD flexural strength: F,S. = 2090 lb-ft/ft, per PRG 320 Table Al

F S, = 2090 lb-ft/ft > M, = 1440 Ib-ft/ft, flexural strength OK.

. Need to also look at deflections, vibrations, etc

Strength under 1-hour fire?



Demonstrating Fire Resistance Ratings

NDS Ch 16 char model of 4 1/8” V1 CLT with (3) 1-3/8” Layers with 1 Hour FRR

S =12 in/ft (1.375in)? /6 = 3.78 in3/ft

F, = 900 psi PRG 320 Table A1 |
AR 2.20”
F,/=F, 2.85CzCs, NDS Table 16.2.20
et T e e \
For 2x6* DF #2 sized lamella: T
Cr=1.3 1.93”
Cfu =1.15 v

«SCLY

F,'= 900psi (2.85 )(1.3)(1.15) = 3845 psi

(F,S)' = 3845 psi (3.78 in?/ft)/ (12 in/ft) = 1208 Ib-ft/ft

Common lamella are based on 2x6 and 2x4 sizes lumber... Consult with
the selected manufacturer or specify acceptable sizes



Flatwise Flexural Strength Design
W =40 psf DL, 40 psf LL

Given: A
° 40 psf live load, 40 psf total dead load ? |

+  Using V14 1/8” 3-Ply CLT | |

12 foot span
. ASD flexural strength @ 1 hr FRR: (F,S)’ = 1208 Ib-ft/ft
Strength under 1-hour fire, 12-foot span
. ASD applied D+L moment M, = wL?/8 = (80psf) (12ft)?/8 = 1440 lb-ft/ft

Capacity (F,S)" = 1208 lb-ft/ft < My = 1440 Ib-ft/ft, flexural strength NOT OK.

Strength under 1-hour fire, 8-foot span
. ASD applied D+L moment M, = wL?/8 = (80psf) (9ft)2/8 = 810 Ib-ft/ft

Capacity (F,S)" = 1208 Ib-ft/ft > My = 810 lb-ft/ft, flexural strength OK.



Demonstrating Fire Resistance Ratings

Considerations when using 1-layer of CLT as lumber in plank orientation

A: Common solid-sawn lumber lamella in CLT are

planed 2x6 and 2x4 sizes lumber. If using size or \
flat-use increase factors per NDS, consult with

2.20”
the selected manufacturer as to what is used or
specify acceptable sizes. Y
N\
B: ASTM E119 for Fire Resistance Ratings does 1.93”

not have a deflection limit. However, designers

«SCLY

should consider impact of deflections on
structural stability. E.g. a 10-inch deflection in a
10-foot span may be deemed as not acceptable
by the engineer.




Fire Resistance of Connections




Fire Resistance of Connections — Protection Strategies

Concealed
connectors

Wood Gypsum
protection protection




Fire Resistance of Connections — Protection Strategies

Right-sized
EEIICIGER

Typical CBH2.37x7.5
Installation at Girder

Concealed

connectors




Fire Resistance of Connections — Protection Strategies

L =
e
= Gypsum
Example in AWC TR-10 \ protection

Discussion in AWC TR-10

Wood

protection




Demonstrating Fire Resistance Ratings

Fire Resistance Ratings of Connections

WoodWorks Inventory

 Tested Assemblies (IBC 703.2) —— .
° AnalytICal MethOdS (IBC 7033) Table 4: North American Fire Resistance Tests of Connections

. - - - ’ ) Connection qucay ’ . .
1. Fire-resistance desi gns In conmeton ] S — Comnecton Dot
Style
- 3
11 b2 Beam to Column Concealed CLT Floor over 8.758"x l'?«" (';Iul-.n.n E!cum '-nr.th concealed Ricon S'\.\' 290x80
V l I connector to 163" x 14.25" Glulam Column (Steel)
" " N N . > CLT Floor over 10.75"x24" Glulam Beam with concealed Double Ricon S VS 200xX0
Beam to Column Concealed » gk ~ X
rescrl p Ive assel I I IeS I I l conpector to 16.5" x 14.25" Glulam Column (Steel)
L ]
CLI Floor over 10.75"x24" Glulam Beam with concealed
Jed 0 Co ) ‘onceale degant 430 x 150 (¢
C | | . Beam to Column Concealed conpector to 16.5" x 14.25" Glulam Column Megant 430 x [50 (Aluminum)
3 ] a Cu a IOI lS pe r CLT Floor over 9.78" x 8" Glulam Beam wath [ concealed Stongle Stmpson Strong-Tie
2 ol e o0 A b ! Single § son Strong
RNRIo Lownh orgryer connector to 16" x 16" Glulam Column CBH2.37x9.97
4. Engin in nalysis b d on
. CLT Floor over 14.25" x 27" Glulam Beam with 4 concealed Four Simpson Strong-Tie
Beam to Col ’ Concealed 2 3 o
L] E g I ee rI g a a yS I S ase O DN e connectors to 16" x 16" Glulam Column CBH2.37x9.97
" CLT Floor over 6.75" x 14.25" Glulam Beam with | concealed Stogle Stmpson Strong-Te
m 3eam to Co Conceale ; o 2
te Sted a Sse b | I eS - i oficetied connector to 16" x 16" Glulam Column CBH2.37x9.97
- CLT Floorover 12.75" x 27" Glulam Beam with 4 concealed Four Simpson Strong-Tie
Jeam to Co Conceale , , . >
SemmjciCotuma: | =Comces - connectors to 16" x 16" Glulam Column CBH2.37x9.97

. Alternative methods per IBC 104.11

* ASTM ELTY does not explictily include provisions for testing of connections, however the standard time temperature curves were used

o) O1

. Fire-resistance design certified by
approved agency



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings of Connections
AWC Publications

« Tested Assemblies (IBC 703.2)
 Analytical Methods (IBC 703.3):
1. Fire-resistance designs in
“approved sources”

NDS

" g . . SUPPLEMENT
. Prescriptive assemblies in IBC 721 T SR

2
3. Calculations per IBC 722
4. Engineering analysis based on

~ Calculating the
Fire Resistance of

tested assemblies .
. Alternative methods per IBC 104.11 B
. Fire-resistance design certified by NDS

approved agency Wood Cover

o) O1

WOO
COUNCIL

TR-10
Wood & Gypsum Cover



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings of Connections

Tapes, Caulks and Sealants
Primarily for smoke, draft, and

flame block in gaps and

intersections
Credit Arup

« Tested Assemblies (IBC 703.2)
 Analytical Methods (IBC 703.3):
1. Fire-resistance designs in
“approved sources”
2. Prescriptive assemblies in IBC 721

3. Calculations per IBC 722 credits
4. Engineering analysis based on

tested assemblies
5. Alternative methods per IBC 104.11

6. Fire-resistance design certified by
approved agency

Credit Hilti



Penetrations & Firestopping

Beam penetrations:
« If FRR = 0-hr, analyze structural impact of hole diameter only

* If FRR > 0-hr, account for charred hole diameter or firestop penetration
= = Hole diameter —

|

|

=

P i I
v \
!
\ /
N P4




Penetrations & Firestopping

Document provides a method of
calculating the bending moment capacity,
bending stiffness, and shear capacity of a
glulam beam with large horizontal holes.

Based on a maximum hole diameter of:
» 2d/3 for glulam members up to 24” deep
e 16" for glulam members deeper than 24”

-

TECHNICAL NOTE

Effect of Large Diameter Horizontal Holes
on the Bending and Shear Properties
of Structural Glued Laminated Timber

Number V700E
May 2022

1. Introduction

Structural gled laminated timber (glulam) beams are highly enginecred components
manufactured from specially selected and positioned lumber laminations of varying strength

and stiffness. As most glulam beams are designed for and used in applications where they will be
highly stressed under design loads, drilling or notching of glulam shoukd be avolded and never
done without a thorough understanding of the effects on the structural integrity of a member. This
is specifically addressed in Section R502.8.2 of the 2021 International Restdential Code (IRC) as
follows (the same wording also appears in Section R802.7.2 of the 2021 IRC):

R3502.8.2 Enginccved wood products. Cuts, notches and holes bored in trusses, structural
composite lumber, structural glue-laminated members, cross-laminated timber members
or I-joists are prohibited except where permitted by the mamufacturer's recommendations
or where the effects of such alterations are specifically considered in the design of the
member by a registered design professional.

APA Technical Note, Fleld Notching and Drilling of Glued Laminated Timber Beams, Form S560,
provides guidance for notching and drilling on glulam when the end notching and drilling of
horizontal through-thickness holes cannot be avoided. For the latter, the guidelines are intended to
prescribe the size, number, and location of holes to alleviate the reduction in the structural capacities
of the glulam. Those prescriptive requirements are helpful for contractors and builders 1o minimize
the need to re-engineer the glulam structural members due 1o some small horizontal holes



Penetrations & Firestopping

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

WOODWORKS

WOOD PRODUCTS COUNCQIL

upening

Expesed Side | Penetrating | Penetrant Centered Test
T Pa ires ing S ipti ¢ Rai 1 f So Tusti h
CLT Panel Protection Ttem or Offset in Hole Firestopping System Description F Rating | T Rating cal uree Tosting La
oy 2° romimal 4.21 in dseneter hole. The voal betwain the CLT and pipe st the top was fillal with Roxs! Safe mineal wool kanvang s 12 @ desp void 3t the 1op QAI Labonutories
(i “n;:r'. %759 None chomical meeiad | 05" offset trom ceuter [of the assembly. Huln FS-Ome Max Bumescent Firesiop Sealant was applied 10 a depth of 172 i on @e wop of the assembly betweent the CLT a0d 1.5 howss | 1.5 hours | ASTM ES14 25 Sanuary ,'4“ " l‘"
e et mbing (EMT) pipe. Pipe msulated with Roxul ProRox for 24* beyond mon-exposed face gt
S-ply None 3"PVCpipe | Not nosed in test repont [4.5 In dameter hole. Flrestopping installasson and peodocts based on UL System C-AJ-2228 2 hours 2howrs | ASTM EXLS 37 WECH
(175mm 6.375%) E ¥ ) ) 3 U - - . B September 6.8 2017
iy 4% Aquatherm WECI
> an None Green Pipe | Not nosed in test report |6 m dumeter hoke. Firesioppang msialution sad products based on UL Swsiem CaAJ 1551, 1 bour Thour | ASTM ES|S 37 . P
(173mm 6.875%) (SDR7 41 September 6.8, 2017
- ——
S-ply * a e 437 . Fi 4 nrod o0 3 . . 3 5 N1L 1 WECI
(175mm 6875% None 47 cast iron pipe | Not nosed o test report | £.375 in dismeter Role. Firestopping irsmllation and products based on UL System C-AJ- 1427 Zhours | 05 hour | ASTM ENIS L Septomber 6.8, 2017
s.aly 4% Aquatherm WECH
" FSn:r;ipt;lf'i'i None (:::::T,t Not nosed in test repont | 3.5 in dameter hole. Firesopping installzeon and peodects based on UL Syssem C-AJ. 2228, 2hours | 2hours | ASTM ENIS 3T Septomber 68, 2017
1-33° Theeacded
5. g . . :_( o x . . 9 :._( . S Y () s - VRO
. ply i Nope stecd rod (4722 | Not nosed in test report J.l n.dfmwm Role. Theeaded Tod insered o 2.5 m diameser steel sheve (Sch 30). Furesioppieg istallation and produces besed oa UL System Yhours | 2hours | ASTM ES14 1 , WECH _—
(175mm 6 375%) GR 150 C-AJ-1558 Septomber 6-%, 2017
s TC
Sply ‘ 3* PVC pi e 4.3 in dammeter hobe. Fi ; g L Swstemn C.AS.222 ? a STM 314 11 WFCI
(175mm 6875 None 3" PVCpipe | Not nosed in test report [4.5 in dameter hole. Firessopping mstallamion and peoducts based on UL Systemn C.A2.2228. Zhours | 2 hours | ASTM ES] ] Septomber 6-8, 2017
Sply 47 Aquatherm WECH
e { H 5 ’ od ¥ ¢ s Fi . ot ’ 4 & A 55 Y 3 AS B 17
(175mm 6.875% None ((J:;;'(:‘Tf Not nosed in test report |6 in dameter hoke, Firestoppeng mstalition mnd produocts based on UL Systemn C.AJ 1551, 2hours | 2hours | ASTMESIS September 6-8, 2017
Soply . o > i ¢ 5376 ; e : o A < SR WECI
e s ¢ e %5 solc. Fi y and om C-AJ- 1427 2 S ] 17
(175mm 6875 None 4" cast iron pipe | Not nosed in test report | 5.375 in dizmeter bole. Farestopping installation and products based on UL System C-AJ- |42 2 hours hour | ASTM EXI4 Septimier 6-8, 2017
5.ply 4% Aquatherm WECi
3 Jone 0 P 1.5 in deyme! i i o 1. Syssern C-AJ-222 1 2 I R4 17
(175mm 6875%) Nome (‘,:.;;! l-‘p'( Not nosed in test report | 1.5 in dermeter hole. Firestopping nstallation and peoducts based on UL Sysem C-AJ-222K Thours | 2 howrs | ASTM ESI Septembyr -8, 2017
133" 1hrended T - = - - - -
A 2 erk de 28 or stoel sheeve (Sca. 40) : : L System : <
i Sophy . None siecd rod (4722 | Not noed in tost ros J‘.I-. ©n d!nnrm kole. Theeaded rod inserted mto 2.5 m diameser steel sheeve (Sch. 40). Firestoppeg instalkstion and produces based ou UL Systom Yhours | 1.5 hours | ASTM E814 17 ] jMLl )
(175mm & 3875%) GR 150) C-AJ-155) September 6-8 2017
Muy be cemered oo
S.ol Mesulic pipe ";fw:e(';.:;:;: M 6 in Somecter hode. Fill saaular spoce with nun. S o thick layer of nuneral wool insslotioa. For wall applicoticas, apply 374 i thick layer of tertek
+PY % Nome with insakytion or ST | Hiki FS-ONE MAX firesiop intumescent sealant an both sides of the wall assembly. For floor appbcations, apphy 34 in thick biver of il FS-ONE | 2 hours  [0.25 Bours| ASTM ES14 iR .
{175mm & 875% riege Fom 12 o wo 2- % & , Oclober 26, 2021
cable 916 in MAX flecstop indemescent seakint on the top side of the Moo ceiling iescnmibly
Max. 4 n
dismcter cable
May be comered o . . N
b = 5 as 6 In & 2 . S 100, il . y 34 {
5.0k bundle weh “r;w' OfTset My Max 6 in Gameter hole. Fill annular spoce with nun. S & thick layer of nuneral wool inselonion. For wall applicatioas, apply 32 in thick layer of Intertok
(175 % p(; 375% Nong nomimal 44%, 5 (,;,. : 1 :‘ 'm'l.‘: | Hiki FS-ONE MAX firesiop miumescent salant on both sdes of the wall sssembly, For foor appheations, apphy 34 m thick biyer of 5 FS-ONE | 2 houme [0.25 Bours| ASTM E514 39 O 1’: 2031
ezt visml ot | ™ Xu‘n =T IMAX teestop tossnscscent sealunt oa the tap sde of the floar/esiling asscrmivly. o fodicke
cables withn




FRR Design of MT

gl WoodWorks®

WOOD PRODUCTS COUNCIL

Fire-Resistive Design

of Mass Timber Members

Code Applications, Construction Types and Fire Ratings

R MLan PE. SE » Se00r TectniCe D0RCEr « VodVions
SCONBNORINT PO, PE SE o Ser TROIricH DI o WEOAWeS

For marny yoars, axpoead heavy timbar framing elemants
have been peemitted n U.S. buiidings cue to thelr inherent
fire-resistance properties. The pradictatiity of wood's char
rato has boen well-ostablished for docades and has long been
recogned in bullding codes and standards.

Todsy, one of the exciting trands in building design is the
growing use of mass timber—i.0., kg sokd wood panel
products such as cross-laminated timbor (CLT) and nail-
laminated timbes INLT)—for floor, wall and roof construction
Lika heavy timbar, mass timber products have inherent
fire resistance that alows them to be %t exposed and stil
achave a fire-resistance rating. Because of thakr strangth
and dmansiona! stabiity. thess products also offar 3 low-
carbon aROMative 10 $10¢l, concrote, and masonry for many
8. It is this cor of exposed structure and
strangth that davelopers and designers across the country

g

Carboni2 | Porfand, Oregon
Katsar Gaoup | Path Archs

M.rinng

210 KVeraging 10 Croate NNoVative dosigns with a wam
yet modern aasthetic. often for projects that go bayond
tradtional norms of wood design.

This paper has boen written % suppert architects and
anginoers exploring the use of mass tmber for commarcial
and multi-famiy constructon It focuses on how to meet
firo-rosistance requiremants in the Interrationa Buikding
Code (IBC), ncluding calcuiation and testing based methods.
Unless otherwise noted, references refer to the 2018 IBC.

Mass Timber & Construction Type

Bafore demonstrating fire-resistance ratings of axposed
mass timber slemants, it's important to understand under
what circumstances tha code currently alows the usa of
mass timber in commarcal and multi-family construction.

A buliling’s assigned constructon type Is

the main indicator of whees and when 2l
wood systame can be used. |BC Section 602
cofines ive man options (Type | through V)
with all but Type IV having subcategorias A
and B, Typos 11l and V permit the use of wood
framing throughout much of the structure and
both are used extensively for modem mass
timbar buildings

Type IN1{IBC 602.3) - Timbar aloments can
ba used in floors, roofs and ntenor walls.
Fire-ratardart-reated wood (FRTW) framing
is perrnitted in extonor walls with 3 firg-
resistance rating of 2 hours or less.

Type V (IBC 602.5) - Timber alements can
b0 used throughout the structure, including
foors, roofs and both intenor and extanor
walls,

Type IV OBC 602 4) - Cormnmanly raferrad to
28 "Hoavy Timber’ constructon, this option

Mass Timber Fire Design Resource

Code compliance options for
demonstrating FRR
Free download at woodworks.org



INTRO

- 20 in-des gn

Cleveland i
Cleveland, OH Il wood pro
9 stories — nstruc H"l

8 mass timber

1

Heartwood

Seattle, WA
8 stories mass timber

11 E Lenox

Boston, MA
7 stories mass timber

Carbon 12

Portland, OR
8 stories mass timber

Ascent

" Milwaukee, WI
25 stories —
19 mass timber

80 M Street £=all,

Washington DC ot 2288

10 stories — 3-story

mass timber

(v (e  Vertical addition
®

l Minnesota °

Places @ i Sl
Portland, OR O B ot
8 stories - 7 mass timber 0) Apex Plaza
Charlottesville, VA T
WoodWorks is supporting 189 tall wood projects 8 stories— 1 i
Minnesota Places, rendering Wright Architecture; Carbon 12, Kaiser+Path, photo Andrew Pogue; Heartwood, rendering Atelier Jones; INTRO Cleveland, 6 mass timber

Harbor Bay Real Estate Advisors, HPA Architecture; Ascent, Korb + Associates Architects, Thornton Tomasetti; 11 E Lenox, rendering Monte French Design
Studio; 80 M Street, Hickok Cole Architects, Columbia Property Trust; Apex Plaza, rendering William McDonough + Partners
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Photos: Baumberger Studio/PATH Architecture
PRECEDENT PROJECTS | CARBON 12 | PORTLAND, OR
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ASCENT, MILWAUKEE
Building in the World

Tallest Mass Tim
Nl

N \
LNCE N

Photo: CD Smith Construction |
Architect: Korb & Associates Architects
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HEARTWOOD, SEATTLE 8 STORIES

Workforce Housing

Type IV-C 66,000 SF

Photo: Atelier Jones |
Architect: Atelier Jones



MINNESOTA PLACES, PORTLAND 8 STORIES
Affrdable Housing

rhoto: Wright Architecrel — Type IV-C - 72 Units 7 Stories of Timber over Podium

Architect: Wright Architecture



INTERNATIONAL

CODE 3 YEAR CODE CYCLE
COUNCIL®

INTERNATIONAL

BUILDING
CODE

e IR TR International
INTERNATIONAL Building

Bunomne :
e > Code

2000

Source: ICC



Fire Safe Implementation of
Mass Timber In Tall
Buildings

Research of the fire performance of CLT and Glued
Laminated Timber buildings, with visible wood surfaces.

The main aim of this
research project
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



WHY ANOTHER ROUND OF COMPARTMENT FIRE TESTING?

USDA

Je—cm’
S ied States Department of Agriculture

Conservatism: ATF lab tests Compartment Fire Testing of a
) Two-Story Mass Timber Building
based on older generation CLT —
adhesives o

2018 ATF tests were initiated
before the 2018 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



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: Urban One Photo: ARUP




CLT Fire Performance — PRG 320

PRG 320 is manufacturing & performance

standard forCLT = e
Standard for Performance-Rated

Cross-Laminated Timber
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

ANNEX B. PRACTICE FOR EVALUATING ELEVATED TEMPERATURE
PERFORMANCE OF ADHESIVES USED IN CROSS-LAMINATED TIMBER
(MANDATORY)




RISE Tests, 2020
Photo: RISE




G147-21 Change to 2024 IBC: IV-B Ceiling Exposure

IBC: 602.4.2.2.2,602.4.2.2.4

Proponents: Susan Jones, atelierjones, lic, representing atelierjones, llc (susan@atelierjones.com); Stephen DiGiovanni, representing Self (sdigiovanni@clarkcountynv.gov); Carl
Baldassarra, Wiss Janney Elstner Associates, representing Self (cbaldassarra@wje.com)

2021 International Building Code

602.4.2.2 Interior protection. Interior faces of all mass timber elements, including the inside face of exterior mass timber walls and mass timber roofs, shall be protected, ag required by
this section, with materials complying with Section 703.3.

602.4.2.2.1 Protection time. Noncombustible protection shall contribute a time equal to or greater than times assigned in Table 722.7.1(1), but not less than 80 minutes.
materials and their respective protection contributions specified in Table 722.7.1(2) shall be permitted to be used for compliance with Section 722.7.1.

Revise as follows:

602.4.2.2.2 Protected area. Interior faces of mass timber elements, including the inside face of exterior mass timber walls and mass timber roofs, shall be protected igfaccordance with

Section 602.4.2.2.1.

Exceptions: Unprotected portions of mass timberceilings and walls complying with Section 602.4.2.2.4 and the following:

1. Unprotected portions of mass timber ceilings and walls complying with one of the following:

1.1. Unprotected portions of mass timber ceilings, including attached beams, shall be permitted and shall be limited to an arep less than or equal to 28- 100 percent pf the
floor area in any dwelling unit or fire area.

1.2. Unprotected portions of mass timber walls, including attached columns, shall be permitted and shall be limited to an area less than or equal to 40 percent of the floor
area in any dwelling unit or fire area.

1.3. Unprotected portions of both walls and ceilings of mass timber, including attached columns and beams, in any dwelling unit or fire area shall be permitted in accordance
with Section 602.4.2.2.3.

2. Mass timber columns and beams that are not an integral portion of walls or ceilings, respectively, shall be permitted to be unprotected without restriction of either aggregate
area or separation from one another.



Change to 2024 IBC: IV-B Exposure Separation

Revise as follows:

602.4.2.2.4 Separation distance between unprotected mass timber elements. In each dwelling unit or fire area, ungpotected portions of mass

timber wallsl aﬂd-eeihngs- ghall be not less than 15 feet (4572 mm) from unprotected portions of other walls

easured horizontally along the floor.

AREe e R g ReASHEEReHE e Ry ReRg




Type IV-B Protection vs. Exposed

Ceiling Exposed

Utllity
room

Closet

(<40%)

o
S
Wall Exposed

Min. 15 ft
Separation

Credit: AWC

| Ceiling Exposed
(<20%)

Ceiling Exposed
(<20%)

Bathroom

Utllity
room

Closet

—

Min. 15 ft
Separation

Bedroom




Type IV-B Protection vs. Exposed

2024 IBC Allowances

n e T e

Bathroom

Utllity
room

Ceiling Exposed

Ceiling Exposed (100%)

(<100%)

Wall Exposed

Uw o

No separation req’d between wall & ceiling

Credit: AWC



Floor Surface Protection

Min. 1”7 NC

D= R = N Em E EE EEEHIEIEIEI O E S E SR E R = N E S|

Wtass Timber Floor Panel

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




Floor Surface Protection

F174-21

IFC: 3303.5
Proponents: David Tyree, representing AWC (dtyree@awc.org); Raymond O'Brocki, AWC, representing AWC (robrocki@awc.org)

2021 International Fire Code

Revise as follows:

3303.5 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 abovegrade plane shall comply with the following requirements during construction unless otherwise
approved by the fire code officiat

1. Standpipes shall be provided in accordance with Section 3313.
2. Awater supply for fire department operations, as approved by the fire code official and the fire chief.

3. Where building construction exceeds six stories above grade plane and noncombustible protection is required by Section 602.4 of the
International Building Code, at least one layer of noncombustible protection shall be installed on all building elements on floor levels, including
mezzanines, more than four levels below active mass timber construction before additional floor levels can be erected.

Exeception- Exceptions:

1. Shafts and vertical exit enclosures shall not be considered part of the active mass timber construction.
2. Noncombustible material on the top of mass timber floor assemblies shall not be required before erecting additional floor levels.

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

Exception: Shafts and vertical exit enclosures shall not be considered part of the active mass timber construction.

Credit: ICC



Tall Mass Timber Code Adoptions
Learn Tools Events A Award Gallery Why Wood? About

Status as of July 2022 v/

The 2021 International Building Code (IBC) has been published and is available for purchase
through the International Code Council. This version of the code includes three new construction
types—IV-A, IV-B and IV-C—that allow the use of mass timber or noncombustible materials in
buildings up to 18, 12 and nine stories (respectively). Additionally, Group A changes to be
incorporated in the 2024 IBC have been voted on and results ratified by ICC. One significant
change relative to construction type IV-B is the allowance for exposure of mass timber ceilings
and integral beams. The 2021 IBC permitted these areas to have 20% exposure while the 2024
IBC will permit 100% exposure. See the full code change language, which was approved as
submitted, here.

The following jurisdictions have adopted the tall mass timber provisions in the 2021 and/or 2024
IBC, either whole or with local amendments.

Oregon — Appendix P Tall Wood Buildings within the 2019 Oregon Structural Specialty Code

Washington — Washington State Building Code

City of Denver, Colorado — Appendix U Tall Wood Buildings (page 187) within the 2019 Denver Building Code
Utah — Chapter 2a: Tall Wood Buildings of Mass Timber Construction, incorporated as part of the State Construction Code
California — Supplement to the 2019 California Building Code

Virginia — Supplement 2021 IBC Mass Timber Provisions within the 2018 state building code

Maine — Emergency Rule 3, amendments to the Maine Uniform Building and Energy Code (Section 5, item 25)
Georgia — Appendix P to the 2018 IBC

Idaho — Amendments to the Idaho Building Code

Howard County, Maryland — adoption of the 2021 IBC

Texas Jurisdictions:

e City of Dallas — Ordinance 32198 which incorporates some 2021 and 2024 IBC allowances for tall mass timber
City of Austin — adoption of the 2021 IBC

City of Bryan — adoption of the 2021 IBC

City of Carrollton — adoption of the 2021 1BC

City of Plano — adoption of the 2021 IBC

City of Grand Prairie — adoption of the 2021 1BC

City of Fort Worth — adoption of the 2021 IBC




MASS TIMBER FIRE RESISTANCE DESIGN

Credit: FPInnovations



2 Hour FRR for Mass Timber

FRR Requirements for Tall Mass Timber Structures (hours)

Building Element IV-A IV-B IV-C
Primary Frame 3 2 2
Exterior Bearing Walls 3 2 2
Interior Bearing Walls 3 2 2
Roof Construction 1.5 1 1
Primary Frame at Roof 2 1 1
Floor Construction 2 2 2

Source: 2021 IBC Table 601

Floor panels for all, primary frame for most, bearing walls for most



Noncombustible Protection

Noncombustible Protection Required

Roof below Mass Timber 60 min 40 min* Not Reg. Not Reg.

Primary Frame @ Roof 80 min 40 min* Not Req. Not Req.

Primary Frame 120 min 80 min* Not Req. Not Req.

Below Mass Timber Floor 80 min 80 min* Not Req. Not Req.
, 1” Min NC 1” Min NC

Above Mass Timber Floor Material Material Not Req. Not Req.

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



MT Fire Resistance Ratings (FRR)
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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 Fire Resistance Ratings (FRR)

However, FRR Doesn’t always need to be from a
combination of MT + NC. In some cases, just NC can
be used, in other cases, just MT can be used:

IBC 602.4

Mass timber elements shall
meet the fire resistance
rating requirements of this
section based on either the
fire resistance rating of the
noncombustible protection,
the mass timber, or a
combination of both.




Type IV-A Fire Resistance Ratings (FRR)

Primary Frame (3-hr) + Floor Panel Example (2-hr):

Minimum 1" noncombustible material

Mass timber floor panel
40 minutes of MT FRR

Two layers 5/8" Type X gypsum
Glulam beam (primary structural frame)

60 minutes of MT FRR

Three layers 5/8" Type X gypsum




Type IV-B Fire Resistance Ratings (FRR)

Primary Frame (2-hr) + Floor Panel (2-hr)

Minimum 1" noncombustible material

Mass timber floor panel
40 minutes of MT FRR

2 layers 5/8" Type X gypsum

Glulam beam (primary structural frame)

40 minutes of MT FRR

Two layers 5/8" Type X gypsum




Type IV-B Fire Resistance Ratings (FRR)

Primary Frame (2-hr) + Floor Panel Example (2-hr)

Minimum 1" noncombustible material

Mass timber floor panel

2-hr of MT FRR;
noncombustible material not required

Glulam beam (primary structural frame)

2-hr of MT FRR;

Noncombustible material not required




Type IV-C Fire Resistance Ratings (FRR)

Primary Frame (2-hr) + Floor Panel Example (2-hr)

Noncombustible material not required

Mass timber floor panel

2-hr of MT FRR;

noncombustible material not required

Glulam beam (primary structural frame)

2-hr of MT FRR;

Noncombustible material not required




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

Unexposed surface

Solid wood with Char zone
full strength

Credit: Urban One

Fire exposed surface

-} NA



MT Fire Resistance Ratings (FRR)

CLT fire design:
N AN * Lam thickness affects
| char depth
"l * Partially charred cross
layers are typically
o aths neglected for structural
checks




MT Fire Resistance Ratings (FRR)

CLT fire design example:

 2-hour rating req’d

* Try5-ply, 6-7/8”, V1

 Span =15 ft, DL =55 psf,
LL = 40 psf




MT Fire Resistance Ratings (FRR)

CLT fire design example:
e 2-hr with 1-3/8” laminations
 Total char depth = 3.8”

Table 16.2.1B Effective Char Depths (for CLT

with »=1.5in./hr.)
Required Effective Char Depths, a,.,
Fire (in.)
Endurance lamination thicknesses h;.. (in.)

(hr.) 58 |34 7/8 | 1 |1-1/4||1-3/8]|1-1/2|1-3/4| 2
1-Hour 22 | 22] 21 (2020 |19 ) 18 |18 | 18
1%5-Hour 34 |32) 31 [(30] 29 || 28 || 28 | 28 | 26

2-Hour 44 |43 | 41 (40| 39 || 38 || 36 | 3.6 | 36




MT Fire Resistance Ratings (FRR)

Option 1: neglect minor axis layer and partial major axis layer. Assess as single layer

S e = =1
6.875” - | ' ' 1.375”
3.8” char
Option 2: account for partial major axis layer and minor axis layer. Assess using
shear analogy method
= | E =SS = I

6.875” | ' ' ' . "
l 3.8” char 3.075”




MT Fire Resistance Ratings (FRR)

Option 1: neglect minor axis layer and partial major axis layer. Assess as single layer

6.875” - ' ' ' 1.375”
3.8” char

S =bd?/6 = (12)(1.375)%/6 =3.78in® C;=1.3 (assume 2x6 lamella) C;,=1.15
M., = F,'S.¢ = (900 psi)(3.78 in3)(1.3)(1.15)(2.85) = 1208 Ib-ft/ft
M, .., =W L2/ 8 =(55+40psf) (15 ft)2 / 8 = 2672 |b-ft/ft

M,.., > M., therefore panel is inadequate for 2-hour fire design using option 1

Common lamella are based on 2x6 and 2x4 sizes lumber... Consult with
the selected manufacturer or specify acceptable sizes



MT Fire Resistance Ratings (FRR)

Option 2: account for partial major axis layer and minor axis layer. Assess using
shear analogy method

! EEEEEESEE==S= Bl I
6.875" . = : | = e e |
l 3.8” char 3.075”




MT Fire Resistance Ratings (FRR)

Option 2: account for partial major axis layer and minor axis layer. Assess using
shear analogy method

APPENDIX X3. Engineering Model Used in the Development
of Design Values in Annex A (Non-Mandatory)

X3.1 General

This appendix provides engineering formulas for the determination of CLT design
values published in Annex A based on the shear-analogy model and CSA O86. This
methodology has been recognized by the consensus-based canvas committee that

developed this standard.

X3.2 Flatwise Bending Moment
FS)a1o™ ( ) 085F, [X3-1 ASD]

b mapor f#r [0

UsS)egis0= 085 fimager Setigo [X3-1 LsD]

PRG 320-2019 175 P ( ';I_z ) Fy e Suggo0 [X3-2 ASD]



MT Fire Resistance Ratings (FRR)

Option 2: account for partial major axis layer and minor axis layer. Assess using
shear analogy method

8.5.3 Fire Resistance of CLT — Structural Requirement

The procedure set forth in CAN/ULC 5101 1s applicable to floor and roof assemblies and requires
fire exposure to the underside of the specimen being tested. When wall assemblies are evaluated,
the specimen is exposed to fire from one side only. This structural requirement is essential in
imiting the nsk of structural failure or collapse of physical elements due to the effects of a fire.

Step 3: Finding the location of the neutral axis and section properties of the effective
reduced cross-section

7 = 2iVihiEj
2iNE;

2019 CA CLT Handbook
Helpful for CLT with asymmetric layups



MT Fire Resistance Ratings (FRR)

Option 2: account for partial major axis layer and minor axis layer. Assess using
shear analogy method

1 S S R = ]
6.875’I i . : . |
l 3.8” char 3.075"

Shear Analogy Check Results:

$=9.8in3

M., = F, S = (628 Ib-ft/ft)(2.85) = 1790 Ib-ft/ft

M, .., =W L2/ 8=(55+40psf) (15 ft)? / 8 = 2672 Ib-ft/ft

M., > M,, therefore panel is inadequate for 2-hour fire design using shear analogy




MT Fire Resistance Ratings (FRR)

NDS Chapter 16 Char Calculations vs. ASTM E119 Tested Assembly

 NDS Chpt 16 calcs check structural

integrit
g y Restricted Load Condition - 50% maximum allowable bending moment from manufacturers published load tables
developed in accordance with the NDS-2012 and CLT Handbook, US Edition.

() E 1 19 C h ec ks St ru Ct u ra I i nteg rity’ h ose * Indicates such products shall b:::tt‘::.l:t,:r(:l‘:thC::tgc::‘i’:r;iMr:;::ga;i'::'i;dicﬁons employing the UL or cUL
stream and unexposed surface
temperature 7

* TR 10 provide thermal checks N  ‘\ !

Unrestrained Assembly Rating - 1-1/2 Hr.

N)




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 ]

Unexposed surface

-} NA

Solid wood with Char zone
full strength

Credit: Urban One

Fire exposed surface



Inventory of Fire Tested MT Assemblies

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

MT Fire Resistance Ratings (FRR)

£y WoodWorks

WOOD PRODUCTS COUNCIL

P e )

Cone Vit

CLT Grade Pancl Connection in Fire Resistan oe
CLY Pand Manu factu rer Cdling Protection Floor T " Load Ratin Source Teting Lab
or Major x Minor Grade Test opping % Achieved (Hours) s
Jply CLY SPF 1650 P | SEMSR Reduced
; N 2 layers 172" Type ) . fone ; i NRC F ’
(114mm 4 485 in) i x SPF #3 Spas 1727 T X pypesm Hall-Lap None 36% Mossant Capacity | | (Test 1) NRC Fire Laboratory
3 o & cod -
plyCLY Strecrurlam SPF o102 x SPF #1902 1 layer S/8” Type Xgypsum Half-Lap Noae sy ! | (Ton 5) NRC Fire Laboratory
(10Snmd 133 ) 75% Moment Capacity o
Sply CLY Loaded, NRC Fire Laboratory
’ e Nord i< £l None Topside Spline 2 staggeved layers of 1 /2% cement boands 2 2 .
(175mmé 575%) Se Manufacterer March 2016
'S . prp—
Sply CLT il . 1 layerof $% ]yF\F)l-uluM:il; . — . I— i Loaded . s NRC Fire Laboratory
(17 Smmé 575 ord i< ‘hnn-'l-an;l:uvnlny ‘lrup-u||h s opside Spline < staggoved layers o 2% cement boards See Manufacterer a 3 Nov 2014
g =
SelyCLY = : : 3 din proprictary gypeste over Maxxon Roduced 2
S ' k1 None T de Splmne o 1.5 L] J
(175mmé £75%) Nordic 25 ooy oy acoust ical ma S0% Momont Capactiy UL
S59lyCLY o 3 din proprctay gypente over Maxxon Raducwd '
7 p k1 11 S/’% al 1 de Spline 2 Kl UL
(175mmé £75%) Nordic - TR ATR—. ESadpine aoustical mat or proprictary sound board S0% Moment Cspactiy !
: 1 hyer S5 Type X Gyp wnder Resilicnt Chamel )
$plyCLy Nordic El mnder 775" | Joists with 1 127 Mineral Wool Half-Lap Vi Loaded 3 21 Intertek
(17 5mm6 275%) Sowoin Iata Sov Manufacterer 8242012
Soly (LY EIMS 1-172* Maxxon Cyp-Gret ¢ 2000 ov or Maxxon Loaded
| Structurl None Topside Spline 2 25 o 212212
(17 Smmé £75%) - MSR 2100 x SPF#2 it peineping Reinforcing Mesh Soe Manufacturer Intertek, o016
SelyCLY Haltly & Loaded
e DR nso \ “one 2° 2 ? S y 2
(17$mm6 575 Johnson 1 Nane Topside Spline gypsumtopping e Mo fhictamne SwRI (May 2016)
Soly OUT SPF 1950 Fb MSR Reducaed
»ly I 2
(175mmé 575" Newdic x SPF a3 Noue Hell-Lap e $ 9% Moment Capacity 13 I Tewt3) NRC Fire Laborstory
Soly LT . - - Unrodu ced 5 -
S SH 28 2 $/K b - None 2
(17 $mm 6 575%) trecturlam PF o182 xSPFaL® | layer Type Xgypsam Hall-Lap one 101% Momsent Capacity 1 (Test 6) NRC Fire Laboratory
°
Toly OLY . i . Uneoduood . =
. : lone $ 7 P '
Q4Smm 9557 Structurlam SPF =1 22 x SPF 2192 None Half-Lap None 101% Moment Capacity 2.8 1 (Tet 7) NRC Fire Laboratory
SelyCLY Sl SL.Va N it ol 13°81 Jwith S nail Loaded, X 12Tt & Western Fire Center
(17 5mmé £75%) ———— - dadu e s i = Pl ace miciac Sov Manufact et - AN 1002622016
ply CLY Suanl e Vi None Half-Lap sominal 172° plywood with $4 nails Laaded, 3 12(Test $) Western Fire Center
(175mmé 575%) So Manufacterct 107282016
Sply CLY - Loaded, . " Western Fire Center
(17 Smm& $75%) DR Johnson Vi None Hall-Lap sonenal 1.2% plywood with Kd nails Sos Maiatiatmes 2 12(Tes1 6) 11/012016
SelyC 3 ] Sw
lyCL KLH ovimi None Haltlp & Nooe Lasded, 1 T oo Sl




MT Fire Resistance Ratings (FRR)

Inventory of Fire Tested MT Assemblies

2-Hour Floor Panel Options with Ceiling Side Exposed:

Fire
. . . . . Resistance
Mass Timber Panel Ceiling Protection Panel Connection Floor Topping Applied Load Span o
ev
(Hours)

5-ply CLT . " : - '

(175mm 6.875") None Topside Spline None 10,800 Ib (60 psf) 12 2
5-ply CLT Half-Lap & G ; g :

(175mm 6.875") None Topside Spline 2" gypsum topping 70 psf 12ft - support widths 2
5-ply CLT 4 T 2 1-1/2" Maxxon Cyp-Grete 2000 over 75 psf (3.6 kPA) supplemental. 90psfincluding Gyp

(175mm 6.875") i Hipsissgsme Maxxon Reinforcing Mesh Crete + self weight e i

5-ply CLT (6.3") None S:::z'cl‘s’zlic None 17,800 1b (~ 108 psf) 12' 2
S-ply CLT 2 :

$ ,00 sf 2'

(180mm 7.09") None Topside Spline None 18,000 1b (185 psf) 1 2

5-ply CLT A p .
Hal f- /2" 3 : : 4 ps nin

(175mm 6.875") None Half-Lap 1/2" plywood with 8d nails 95.2 psflive, 113.4 psftotal 13" 5" clear 2
S5-ply CLT g po \ g s T

(175mm 6.875") None Half-Lap 1/2" plywood with 8d nails. 95.2 psflive, 115.6 psftotal 13" 5" clear 2
5-ply CLT A . . s i

(175mm 6.875") None Half-Lap 1/2" plywood with 8d nails. 95.2 psflive, 116.3 psftotal 13' 5" clear 2
Sply CLY None Topside Spline 2 staggered layers of 1/2" cement boards 440 kN/m2 or 91.8 psf 15107 <supporth (233 57 or 2

(175mm 6.875")

89mm)




MT Fire Resistance Ratings (FRR)

Extrapolating tested loading & span results:

*Need to also look at deflections, vibrations, etc

R Fi::n Moment resulting Allowable total Allowable total Allowable total Allowable total
Applied Load Span A‘f:iev: from tested load and | load (psf) at 14 ft | load (psf) at 15 ft | load (psf) at 16 ft | load (psf) at 17 ft
span (Ib*ft span span span span
(Hours) N 4 a . u 2 ! a 5 ’

10,800 1b (60 psf) 12 2 1080 44 38 34 30

70 psf 12ft - support widths 2 1260 51 45 39 35

75 psf (3.6 kPA) supplemental. ?Opst including Gyp/ 12 f 25 1620 66 58 51 45
Crete + self weight

17,800 1b (~ 108 psf) 12 2 1944 79 69 61 54

18,000 1b (185 psf) 12 2 3330 136 118 104 92

95.2 psflive, 113 .4 psftotal 13'5" clear 2 2552 104 91 80 71

95.2 psflive, 115.6 psftotal 13' 5" clear 2 2601 106 92 81 72

95.2 psflive, 116.3 psftotal 13'5" clear 2 2617 107 93 82 72

4.40 kKN/m2 or 91.8 psf LA SUpPOHs 2R3\ 2 2877 117 102 90 80

89mm)




WoodWorks"
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TECHNICAL BRIEF

Demonstrating Fire-Resistance Ratings for
Mass Timber Elements in Tall Wood Structures

Richard MclLain, PE, SE  Senior Technical Director - Tall Wood, WoodWorks

Changes 1o the 2021 International Building Code (IBC) have
created opportunities for wood buildings that are much larger
and taller than prescriptively allowed in past versions of the
code. Occupant safety, and the need to ensure fire performance
n particular, was a fundamental consideration as the changes
were developed and approved. The result is three new
construction types—Type IV-A, IV-B and IV-C—which are based
on the previous Heavy Timber construction type (renamed

Type IV-HT), but with additional fire protection requirements.

One of the main ways to demonstrate that a building will

meet the requrred level of passive fire protection, regardiess

of structural materials, is through hourly fire-resistance ratings
(FRRs) of its elements and assembbes, The I1BC defines an
FRR as the period of time a bulding element, component or
assembly maintains the abibty to confine a fire, continues to
perform a given structural function, or both, as determined by the
tests, or the methods based on tests, prescribed in Section 703,

FRRs for the new construction types are similar to those
required for Type | construction, which is primarily steel and
concrete (See Table 1.) They are found in 1BC Table 601,
which includes FRR requirements for all construction types
and building elements; however, other code sections should be
checked for overriding provisions (e.g., occupancy separation,
shaft enclosures, etc.) that may alter the requirement.

TABLE 1:

FRR Requirements (Hours) for Tall Mass Timber Construction Types and Existing Type |

| | 1A VA | -8 Iv-B | w-c |
Buildine Element e Stoes. T 1| e 10 srecow 1 IS (S aomee | [N e anrve: o da

Tall Timber Fire-Resistance Design

| 1 INTErIOr Baanng vvass | 3 | 3 | z | Z | Z I |
| 1] 1

> 1

S L 1 e 1 3



Questions? IM

WOODWORKS

Jessica Scarlett, EIT

Jessica.scarlett@woodworks.org
(803)616-6231

Scott Breneman, PhD, PE, SE
Scott.breneman@woodworks.org
(530)723-6230
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Ricky McLain
Ricky.mclain@woodworks.org
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901 East Sixth, Thoughtbarn-Delineate Studio,
Leap!Structures, photo Casey Dunn
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