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Course Description

We are at an exciting confluence in timber construction. The need for sustainable, urban construction has
never been higher. Concurrently, mass timber products such aslenossated 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 firesistance 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.



Learning Objectives

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 codeompliant options for exposing mass timber, where up 4oo2ir 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.



INTERNATIONAL
CODE

ammy COUNCIE

CONSTRUCTION TYPES REVEI

Since its debut, IBC has contained
9 Construction Type options

5 Main Types (I, I, 1lI, 1V, V) with all but
Type IV having subypes A and B

TYPE | TYPE |l TYPE 1l TYPE IV TYPEV

A B A B A B HT A




U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

2021 IBC Introduces

3 New Tall Wood Construction Types:
IV-A, B, IMC,
Previous Type IV Is renamed TypeHM

BUILDING TYPE IV
ELEMENT) A | B | A B |AalBfAajBlclHr|a]B



Tall Timber Construction Types

18 STORIES 12 STORIES

9 STORIES

BUILDING HEIGHT 270° BUILDING HEIGHT 180 FT BUILDING HEIGHT 85’

ALLOWABLE BUILDING AREA 972,000 SF ALLOWABLE BUILDING AREA 648,000 SF ALLOWABLE BUILDING AREA 405,000 SF

AVERAGE AREA PER STORY  54,000SF AVERAGE AREA PER STORY 54,000SF AVERAGE AREA PER STORY 45,000 SF
TYPE IV-A TYPE IV-B TYPE IV-C

IBC 2021

BUSINESS OCCUPANCY [GROUP B]

*BUILDING FLOOR-TO-FLOOR HEIGHTS ARE SHOWN AT 12’-0” FOR ALL EXAMPLES FOR CLARITY IN COMPARISON BETWEEN 2015 TO 2021 IBC CODES

Credit: Susan Jonegtelierjones

324,000 SF
ALLOWABLE BUILDING AREA

54,000 SF
AVERAGE AREA PER STORY

6 STORIES MAXIMUM
85'-0" MAXIMUM BUILDING HEIGHT
324,00 SF MAXIMUM AREA

TYPE IV- HT

IBC 2015




Tall Wood Building Size Limits

Construction Type (All Sprinklered Values)

I-A |-B IV-A 1IV-B IV-C IV-HT 11 -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, Unlimited 12 18 12 6 4 4
A-4
B Unlimited 12 18 12 9 6 6
R-2 Unlimited 12 18 12 8 5 5
Allowable Area Factor (At) for SM, Feet (IBC Table 506.2)
A-2, A-3, Unlimited | Unlimited | 135,000 90,000 56,250 45,000 42,000
AB4 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




Tall Wood Building Size Limits

Construction Type (Unsprinklered Values)
[-A |-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, A4 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, Feef (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 1-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

aoln-almost all-cases; icc e

A-2, A-3, A4 Unlimited - 1 L 3 ] 3 3
~ " sprinklers will be required
R-2 Unlimited 11 4 4 4 4
Allowable Area Factor (At) for SM, Feef (IBC Table 506.2)
A-2, A-3, A4 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)



Non-Tall Opportunitiesc Large Area

Construction Type (All Sprinklered Values)
I-A |-B 1IV-A 1IV-B IV-C IV-HT 11 -A
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A B R Unlimited 180 270 180 85 85 85
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A- | Unlimited 12 18 12 6 4 4
g Unlimited 12 18 12 9 6 6
imi : 5 S
Allowable Area Factor (At) for SM, Feet (IBC Tdble 506.2)
Unlimited | Unlimited 45,000 42,000
Unlimited | Unlimited 108,000 85,500
Unlimited | Unlimited 61,500 72,000
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Credit: Susan Jonestelierjones

270’

ALLOWABLE BUILDING AREA 972,000 SF

TYPE IV-

AVERAGE AREA PER STORY 54,000SF

18 STORIES
BUILDING HEIGHT
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18 STORIES
BUILDING HEIGHT -

ALLOWABLE BUILDING AREA 972,000 SF
AVERAGE AREA PER STORY 54,000SF

TYPE IV-A

Credit: Susan Jonegtelierjones

WVVoo

B 18
M 12
R2 18

270 ft

270 ft
270 ft
270 ft

Areas exclude potential frontage increase

Type IMA Height and Area Limits

Occupancy # of Height Area per |Building
Stories Story Area

135,000 SF 405,000 SF

324,000 SF 972,000 SF
184,500 SF 553,500 SF
184,500 SF 553,500 SF

In most cases, Type {X height & story
allowances = 1.5 * TypeB height &

story allowances

Type IVVA area = 3 * Type MAT area



Type VA Protection vs. Exposec

FTN N (Y 9
R | N
=

Credit: ActorOstryArchitects, Fast + Epp

18 STORIES
BUILDING HEIGHT 270

ARG AN PERSTORY  Sooot 100% NC protection on all surfaces of
TYPE IV-A Mass Timber

Credit: Susan Jonegtelierjones



Type VA Fire Resistance Ratings (F

€

Primary Frame FRR 3 HR (2 HR at Rod
Ext orInt Bearing WallFRR 3 HR
Floor Construction FRR 2 HR
1.5 HR

Roof Construction FRR




Type IVVA Fire Resistance Ratings (F

FRR Protection
Primary Frame FRR 3HR (2HR at 120 min (80 min
Roof) at Roof)
Ext oriInt Bearing WallFRR 3 HR 120 min
Floor Construction FRR 2 HR 80 min
Roof Construction FRR 1.5 HR 80 min

oyé C¢@&LIJS -25DR YJadzy [ DKY €



Noncombustible Protection (NC)

Where timber is required to be protected, NC must

contribute at least 2/3 FRR

Required Noncombustible Contribution to FRR

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

Source: 2021 IBC Section 722.7



Noncombustible Protection (NC)

¢CKS RSTAYAOUAZY 2F dab2\
t N2GSOGAZ2Y O6C2NJ al aa ¢«

.\w address the passive fire protection of mass
timber.

Mass timber is permitted to have isvn fire-
resistance rating (e.g., Mass Timber only) or have &
fire resistance rating based on the fire resistance
through acombinationof the mass timber fire
resistance plus protection by nesombustible L
materials as defined in Section 703.5 (e.g., addition®® &
materials that delay the combustion of mass timber,

such as gypsum board).




Prescriptive Noncombustible Contributions to FRR

o af [ T Contrlbut_mn per Layer
(minutes)
1/2" Type X gypsum board 25
5/8" Type X gypsum board 40

Source: 2021 IBC Section 722.7.1

Required Noncombustible Contribution to FRR

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

Source: 2021 IBC Section 722.7

Noncombustible Protection (NC)

1 layer 5/8 Type X
2 layers 5/8 Type X

3 layers 5/8 Type X



MT Fire Resistance Ratings (FRR)

IBC 722.7
The fire resistance rating of the mass timber elements

shall consist of the fire resistance of the unprotected
element (MT) added to the protection time of the
noncombustible (NC) protection.




MT Fire Resistance Ratings (FRR)

| 2 SOSNE Cww 52SayQi |t g
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 ormeither the
fire resistance rating of the
noncombustible protection,
the mass timberpor a
combination of both.




MT Type IV Minimum Sizes

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

These minimum sizes have been |
place for old type IV (current type
I\V-HT) construction and the same
minimums sizes also apply to MT
used in new types PMA, I\LB and

IV-C || R ] By 2
Contained in 2021 IBC 2304.11 & = =
(2015 IBC Chap 6 ) — = j ‘: =



Framing  SQESIMT Sy
= | Columns 8x8 6° 4 X 8/ 7 X 5
I% Beams|, 6x10 5 x 104 SYax 9/
“ Columns 6x8 5X &4 S5YaX %2
T Beams*| 4x6 3X6/g 3 X 5%

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

FOé Y2YAYL
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Type IV Minimum Sizes Floor/Roof Panels

Floor Panels/Decking: o e
Ané GKAOLl /[¢ 61 OG0 yC -
Ané b[CKS5[¢CkD[ ¢ Oy s
Aoé¢ GKAOL O0Y2YAYI //,/
MEé R SoOM p\/ &H fropé{ t 16 e |
particleboard

Roof Panels/Decking:
Aoé¢ GKAOYl /[¢ 6y2Y
A oé b[¢K5[¢KD[¢ 0)/2 ‘ -

A 1mky é 2 {1t guﬁ‘f, o )
y { — ai Ili lliﬂ'lﬁk” I .:4

f
Phoig |tor Aiz/ Ewing Co :



MT Type IV Minimum SizesWalls

Exterior Walls for Type MAB C
A CLT or Nostombustible

Exterior Walls for Type NAT

A CLT or FRTW or Naombustible

A IBC 2018c ¢ ¢Viall (BTW or CLT)
A IBC2021in ¢ ¢QLRA O}




MT Type IV Minimum SizesWalls

MT Interior Walls in all Type 1V:

A[FYAYIFGSR 02y ailNHzOU

A Solid wood construction min. 2 layers of
Mé YI UOKSR 062F NRa

Other Interior Walls in Type IV A,B,C

A Non-combustible (Ohr for nonbearing)

Other Interior Walls in Type IV HT

A Non-combustible (1hr min)

A Wood stud wall (1hr min)

Verify other code requirements for FRIR(.
Interior bearing wall; occupancy separation)




Type A Fire Resistance Ratings (FRM

FRR Examples:

Primary Structural Frame (Beam, Column, Bearing Wal

3 HR Required

NC protection = at least 120 min |

A'asS o flI&8SNBER 2F pkyé¢ (68 e
Mass Timber FRREB IFGRR; 2 HR =1 HR




Type IVVA Fire Resistance Ratings (F

FRR Examples:

Floor Panels:

2 HR Required

NC Protection = at least 80 min

A'aS u fF@8SNAR 2F pkyé (e
plus:
A Mass Timber FRREB I|FQRR; 1.33 HR = 40 min,

or
A'aS o ftlF@8SNAR 2F pkyé ¢é
andno FRR from MNB |j QR

f ‘Uran One



Type I\VVA Protection

)

Floor Surface Protection Min. 1 inch of NC protection
_ : alyo® H Il &SN&

Roof Construction Protection on inside face
_ aly®d® m fI&SNJ

Ext Wall Protection on outside face

aAyd® H I &SNE
on inside face (norbrng)
aAy®d® o Il &SNHA
on inside facelgrng)




Type IVVA Fire Resistance Ratings (Fl%

FRR & NC Floor Panel Example: 2 HR

(’

40 minutes _ H | @ éN.ﬁ-/p K YOR 0 8dJSt F @SNE p &
of MT FRR X gypsum X gypsum




Type VA Fire Resistance Ratings (F

Primary Frame (3 HR) + Floor Panel Example (2 HR):

aAyd® meg b/

] i i v v | 0 e eI e I e ) e e T e

Mas

S

Imber

Cloor Pane

' =/ o

40 minutes H fl &SN K

of MT FRR T X gypsum

Glulam Beam (Primarf>

Structural Frame)

X gypsum



MT Fire Resistance Ratings (FRR)

How do you determine FRR of MT?
2 Options:

1. Calculations in Accordance with IBC /22 NDS Chapter 1
2. Tests In Accordance with ASTM E119

Unexposed surface

- NA.

Solid wood with Char zone
full strength

Credit: Urban One



MT Fire Resistance Ratings (FRR)

MT FRR Calculations Method:

A IBC 703.3 allows several methods of determining FRR. One
calculations per 722.

A 722.1 refers to NDS Chapter 16 for exposed wood FRR

722.1 General. The provisions of this section contain proce-
703.3 Methods for determining fire resistance. The appli-  dures by which the fire resistance of specific materials or

cation of any of the methods listed in this section shall be combinations of materials is established by calculations.
based on the fire exposure and acceptance criteria specified in Ehese procedurdes }ilplllﬂy Onéy tohthe inforngionhcom?iﬁd ig

. _ _ this section and shall not be otherwise used. The calculate
ASTM E119 or UL 263. The required fire resistance of a

1 g , fire resistance of concrete, concrete masonry and clay
building element, component or assembly shall be permitted masonry assemblies shall be permitted in accordance with

to be established by any of the following methods or proce-  ACI 216.1/TMS 0216. The calculated fire resistance of steel

dures: assemblies shall be permitted in accordance with Chapter 5 of
. . . . ASCE 29. The calculated fire resistance of exposed wood
3. Calculations in accordance with Section 722. members and wood decking shall be permitted in accordance

with Chapter 16 of ANSI/AF&PA National Design Specifi-
cation for Wood Construction (NDS).



MT Fire Resistance Ratings (FRR)

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

FIRE DESIGN
OF WOoOD
MEMBERS

16.1 General

16.2 Design Procedures for Exposed
‘Wood Members

16.3 Wood Connections

Mational Design Spedification® for Wood Construction
2015 EDITION ‘

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

Required Effective Char Depths, a.,,
Fire (in.)

Endurance lamination thicknesses, huw (in.)
(hr.)

5@ |34 78 |1 |1-1/4] 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 |22 21 (20| 20| 19 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 | 3.6

Credit; E’E’?_['r‘mQVatig_;



MT Fire Resistance Ratings (FRR)

b2 VYA y‘ | f (") KI NJ NJ l‘j'l'able 16.2.1A g:ap::;p;hﬂ::dLE:I:?;:)cMr A 3
recognized in NDS. Effective char

Ch Effective Ch
depth calculated to account for Required Fire | Depth, | Depth,
duration, structural reduction in R i P

_ 1-Hour 1.5 1.8
heat-affected zone et ) o5
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, huw (in.)
(hr.)

58 | 34| 78 | 1 |1-1/4]| 1-3/8 [1-1/2|1-3/4| 2
1-Hour 22 122 21 |20 20 1.9 18 | 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




MT Fire Resistance Ratings (FRR)

Structural capacity check
performed on remaining
section, with stress increases

Char layer
Char base

Pyrolysis zone
Pyrolysis zone base
Normal wood

Nt Y ot

Credit: Forest Products Laboratory

Table 16.2.2 Adjustment Factors for Fire Design!

ASD

58.| £ 3 3 3. | 8

Qs - o = ]
Bending Strength Fy X 2.85 Cy Cy Cp Cp
Beam Buckling Strength Foe X 2.03 - -
Tensile Strength F, X 2.85 Ce
Compressive Strength F. X 2.58 Ce Cp
Column Buckling Strength F.e X 2.03 -

8,4, =Pt Solid Sawn, Glulam, SCL
char t y y

achar = nlam hlarn T BI_ (t - (nlam tgn )]D‘EE C LT
A =1.28,,, Effective Char Depth



MT Fire Resistance Ratings (FRR)

Tested Assemblies Method:
A Many successful Mass Timber ASTM E119 fire tests have
been completed by industry & manufacturers

;:ﬂ\\
L ng
L : ACCREDITE
NG C aporaiory Testing Laboratory
) L4 O TL-216

TEST REPORT Page 1 of 53

for
American Wood Council

222 Catoctin Circle SE, Suite 201
Leesburg, VA 20175

Standard Methods of
Fire Tests of Building Construction and Materials

ASTM E 119 -11a

Test Report No: WP-1950

Assignment No:  K-1089

Subject Material: Cross-Laminated Timber and Gypsum Board Wall Assembly (Load-Bearing)
Test Date October 4, 2012

Report Date October 15, 2012

Prepared by: _C S~ S e
7
Michael J. Ridzg”
Test Engineer

’ Y & / A
//f/ S B e SRS

Robeft J. Menchetti
Director, Laboratory Facilities and Testing Services

Reviewed by:

TEST REPORT

Intertek

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

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

RENDERED TO

Structurlam Products LP

2176 Government Street

Penticton, BC V2A 8B5
Canada

ContactWoodWor
|

®
FPInnovations
Project No. 301006155

Final Report 2012/13

Preliminary CLT Fire Resistance Testing Report

by

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

Ksfor Inventory of Tests




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

CLT Pand s mu fachurer - Lh;": ;:’:::Gm " Cailing Protection Pancl C::“‘“ in Floor Topping Losd Rating Aﬁ'_:::‘i;'{:i' Source Testing Lab
" 43:-:};:;: . Nondic SPE "'i"s,?; l: EMSR 2 layers 112" Type X gypsum Half-Lap None . Mﬁ‘:‘imi“ 1 1 {Test 1) NRC Fire Laboratory
{ m:,Ii”f,L; . Structurlam SPF #1 /82 x SPF #1852 1 layer /8" Type Xaypsum Half-Lap None ou Mﬁ.:'im_hy 1 1 {Test 5) NRC Fire Laboratory
m:ﬁ:ﬂ . Noedic El None Topaide Spline 2 sisggered layers of 1 2° cement boards . h’:’ﬁi“ s 2 2 NRCJ:;;‘:}T:MW
‘11!;3: ';:5-5 Nasd ie El 1:.:11: i..;l‘f.?n?f{%::ﬂ:f;f Topside Spline 2 siaggered layers of 1 /2% cement boards . h‘:ﬁi“m! 5 P NRC ii:}ill-za‘;:r;awry
i : - ) :
:11!;2.: lﬂsw Nordic H ! layerS/8" nomal gypsum Tageide fyline i: :::m“.;u::::::::;’.‘; :: bosd sm..uﬁ:jimm : ! UL
Sply CLT MNordic El ]::r ﬁ?ﬁ:.ﬂi:ﬁ:::ﬁ:? Half-Lsp None  Loaded, 2 21 Interik
{17 Smmé K75%) R See Manufsct urer B/24/2012
:1155-:;]; ﬁc:-‘;l 5%) Stmction MSE zﬂrjwa 2 Nose Topside Spline o Lh;;c:ll::::::‘-:::: o e See ntﬁ: urer 24 6 Intertek, 272212016
m;ﬂ:ﬂm DR Johnson Vi Nome . :;'LL:]‘; 3* gypsumiopping i 2 7 SwRI (May 2016)
‘”55:;1:1 ﬁc:_;ls- , _ SPF 1l qss_ ;r::;mm o . o w..uﬁ:‘imj-y 1.5 1 (Test3) NRC Fire Laboratory
; 155""“’; ::‘: - Struciurlam SPF #1 /82 x SPF #1582 1 layer /8" Ty pe X aypsum Half-Lap None Lot ﬂ:ﬂ“:’:l‘fmm . 3 1 (Test 6) NRC Fire Laboratory
‘24‘.'51.,:; :;15 . Structurlam SPF #1/52 x SPF #1 /52 None Half-Lap None mu"ﬂ:ﬂ":’::ﬁmdw 25 1 (Test 7) NRC Fire Laboratory
mi:i;:ﬂ . SmanLam SLV4 Nome Half-Lap nominal 1/2* plywood with Sd nails. - h’:ﬁi o 2 12 (Test 4) wﬁﬁzzg}f?m
’ 1";2 ::: - SmanLam Vi None Half-Lap nominal 1/2° ply wood with §d nails. . h‘:ﬁi“ . 2 12 (Test 5) w"ﬁ‘;’z: E}f;m“
mi:g:ﬂ . DR Johason Vi Mome Half-Lap sominal 172° plywood with Sd nails. . h’:’ﬁi“ o 2 12 (Test 6) wﬁ?ﬂfg}f?m
SplyCLT ., - _ Half-Lap & Nome Loaded, ! s SwRI

FLE = (e 1Y

Tana idasnlina

Qas M s f ot sinae



MT Fire Resistance Ratings (FRR)

u‘."'gl WoodWorks"

WOOD PRODUCTS COUNCIL

Fire-Resistive Design

of Mass Timber Members

Code Applications, Construction Types and Fire Ratings

Richand MCLEIN, FE, 5E » Samor TEChnical DIFECior » Woodoms
ScottBreneman, FID, FE SE » Seror Technical Diecior « WoodAorks

For many years, exposad heavy timbar framing elements
have been parmitted in L.5. buildings due to their inherent
fira-resistance properties. The predictability of wood's char
rate has baen well-astablizhad for dacades and has long baen
racognized in building codas and standards.

Today, one of the exciting trands in building design is the
growing use of mass timbar—i ., large 2olid wood panal
products 2uch as cross-laminated timber (CLT) and nail-
larninatad timbear (NLT)—for floor, wall and roof construction.
Lika haavy timbar, mass timber products have inharant

fira resistance that allows them to be left exposed and still
achiave a fire-resistance rating. Because of their strangth
and dimensional stability, thesa preducts also offer a low-
carbon altemative to steel, concrete, and masenry for many
applications. It iz this combinaticn of expesad structure and
strength that developers and designers across the country

are levaraging to create innovative dasigns with a warm
yet modarn aesthetic, often for projects that go beyond
traditional norms of wood dasign.

This paper has bean written to support architects and
anginears axploring the use of mass timber for commercial
and multi-family construction. It focuses on how to meet
fire-rasistance requirements in tha International Building
Coda (IBC), including calculation and testing-basad methods.
Unlzss otharwise notad, refarances rafer to the 2018 IBC.

Mass Timber & Construction Type

Befora demonstrating fire-resistanca ratings of exposed
mass timber alameants, it's important to undarstand under
what circumnstances the code currently allows the usa of
mass timber in commercial and multi-family corstruction.

A building's assignied construction typs iz

tha main indicator of where and when all
wood systems can ba usad. |BC Saction 602
defines five main opticns {Typa | through V1
with all but Type IV having subcategories A
and B. Types |l and V' permit the use of woed
framing throughout much of the structurs and
both are uzad extensively for modem mass
timber buildings.

Tvpe ll1IBC 602.3) - Timber elemants can
be usad in floors, roofs and interior walls.
Fire-ratardant-troated wood (FRTW) framing
is parmitted in exterior walls with a fira-
resistanca rating of 2 hours or less.

Tvpe V (IEC 602.5) - Timber elements can
be usad throughout the structure, including
floors, roofs and both interior and exterior
walls.

Type IV IBC 602.4) - Cornmonly referred to
as 'Heavy Timber" construction, this option

Mass Timber Fire Design Resource
Code compliance options for
demonstrating FRR
Updated as new tests are
completed
Free download atvoodworks.org
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Demonstrating Fire-Resistance Ratings for
Mass Timber Elements in Tall WWood Structures

Richard McLain, PE, SE e Senior Technical Director — Tall Wood, WoodWorks

Changes to 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
in 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.

Image: Korb + Associates Architects

One of the main ways to demonstrate that a building will

meet the required level of passive fire protection, regardless

of structural materials, is through hourly fire-resistance ratings
(FRRs) of its elements and assemblies. The IBC defines an
FRR as the period of time a building element, component or
assembly maintains the ability 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 i - o

concrete. (See Table 1.) They are found in IBC Table 601, . | vee

which includes FRR requirements for all construction types : Ascent | Milwaukee, WI

and building elements; however, other code sections should be - g, - @B Architcct: Korb + Associatos Architeets

checked for overriding provisions (e.g., occupancy separation, - —— Structural Engineer: Thornton Tomasetti
shaft enclosures, etc.) that may alter the requirement.

TABLE 1:
FRR Requirements (Hours) for Tall Mass Timber Construction Types and Existing Type |

I-A
Unlimited stories,

IV-A 1-B IV-B Iv-c
Max. 18 stories, Max. 12 stories, Max. 12 stories, Max. 9 stories,

| Ruildine Flement

Tall Timber FireResistance Design

| | Interior Bearing vvails | 3 | 3 | z | z | Z |
| N R | = | = I 3 i = | T 1 |




12 STORIES

BUILDING HEIGHT 180 FT
ALLOWABLE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY  54,000SF

TYPE IV-B

Credit: Susan Jonegtelierjones

Credit: LEVER Architecture
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12 STORIES

BUILDING HEIGHT 180 FT
ALLOWABLE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY  54,000SF

TYPE IV-B
Credit: Susan Joneatelierjones

Type IVB Height and Area Limits

Occupancy # of Height Area per |Building
Stories Story Area

180 ft
B 12 180 ft
M 8 180 ft
R2 12 180 ft

Areas exclude potential frontage increase

90,000 SF 270,000 SF

216,000 SF 648,000 SF
123,000 SF 369,000 SF
123,000 SF 369,000 SF

In most cases, Type 18 height & story
allowances = TypeB height & story

allowances

Type IVVB area = 2 * Type MT area



Type VB Protection vs. Exposed
IV-B

'g
J’
| /A /8
|/l /55
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Credit:Kaiser+Path

B

12 STORIES

NC protection on all surfaces of Mass
ALOWSLEBULDNG ATEn S0 Timber except limited exposed areas

AVERAGE AREA PER STORY  54,000SF

TYPE IV-B ~20% of Celling or ~40% of Wall can be exposed

Credit: Susan Jonestelierjones



Type I\¥B Fire Resistance Ratings (FRF

&

N ST 1 g LAy 307 A
L ) = 'l o >

2 Hour Floor

Primary Frame FRR 2 HR (1 HR at Roc
Ext orInt Bearing WallFRR 2 HR
2 HR

Floor Construction FRR

1 HR

Roof Construction FRR

2 Hour Floor

T



Type IVVB Fire Resistance Ratings (FRF
IV-B

*Applicable to most

locations. Limited
\l)j exposed MT permitted

Min. NC
FRR Protection
Primary Frame FRR 2HR (1HRat 80 min* (40
Roof) min* at Roof)
Ext orint Bearing WallFRR 2 HR 80 min*
Floor Construction FRR 2 HR 80 min*
Roof Construction FRR 1 HR 40 min*

oyé C¢@&LIJS -25DR YJadzy [ DKY €



Type I1\¥B Protection

W/ V-B g

Floor Surface Protection Min. 1 inch of NC protection
_ : alyo® m flF&SN|p
Roof Construction Protection on inside face*
aAyd m fF&SNI|p
Ext Wall Protection on outside face

aAy®d® u I &SNA
on inside face*

Limited exposed MT permitted



Type IVVB Fire Resistance Ratings (FRF
IV-B

FRR & NC Floor Panel Example: 2 HR

aAyd mME b/

| I [ [ 5 T | T N e it | e | i i i | o s e i e i T |

Mass| Timber Floor Panel

’/'

40 minutes _ H | éSNB—/p KyGRl‘i edJSt F @ SNE p &
of MT FRR* X gypsum* X gypsum*

*Applicable to most locations. Limited exposed MT permitted



Type IVB Fire Resistance Ratings (FR™®
V-B
Primary Frame (2 HR) + Floor Panel Example (2 HR):

*Applicable to most aAyod® mME b/
Ioca'uonsl_lm'ted 5 e e 5 e e £ B
exposed MT permitted vMass Timber Eloor Pafe
40 minutes f I &8 NCE\J K & LIS = .

T § e*S P _— 40 minutes of
of MT FRR X gypsum MT ERR*

+
Glulam Beam (Primarf> \ 2f | @ SN&

Structural Frame) X gypsum*




Type VB Protection vs. Exposed

IV-B

Limited Exposed MT allowed in Type-B/for:

A MT beams and columns which are not
Integral part of walls or ceilings, no area
limitation applies =

\_\~-

A MT ceilings and beams up to 20% of floor s 72
area in dwelling unit or fire areagr N

A MT walls and columns up to 40% of floor ar i
In dwelling unit or fire areapr

A Combination of ceilings/beams and

walls/columns, calculated as follows:

"

=l

r

am ;




Type I\VB Protection vs. Exposed

IV-B

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

unprotected area =

(UdUy) + Uy /U,,) 1.0

U,. = Total unprotected MT ceilling areas
J_.= Allowable unprotected MT ceiling areas
U,, = Total unprotected MT wall areas |
U,,, = Allowable unprotected MT wall areas £

o oo To I



Type VB Protection vs. Exposed

IV-B
Design Example: Mixing unprotected MT walls & cellings
1 [ sl ... || 800 SF dwelling unit
N P I A U,.= (800 SF)*(0.20) = 160 SF
L ey o) AU, = (800 SF)*(0.40) = 320 SF
[_coes A Could expose 160 SF of MT ceiling,
I OR320 SF of MT WalDR
A If desire to expose 100 SF of MT
wingroom Jf  Bedroom ceiling in Living Room, determine
max. area of MT walls that can be
Fpem = exposed

Credit: AWC



Type VB Protection vs. Exposed
IV-B

IHP

‘ Kitchen

Living room

1850]5

Bathroom

I
Hallway

[ Utility

m

Bedroom

Credit: AWC

Design Example: Mixing unprotected MT walls & cellings

1.0

(Ure/ Uad + U/ Uq)
1.0

(100/160) + {,,/320)

U,, = 120 SF
A Can expose 120 SF of MT walls in

dwelling unit in combination
with exposing 100 SF of MT

celling



Type I\VB Protection vs. Exposed .

Ceiling Exposedg

(20% max)

Credit: AWC



Type I\VB Protection vs. Exposed

Kitchen

Ceiling Exposed
(<20%)

Credit;: AWC

¥
3
E

Wall Exposed
(<40%)

Ceiling Exposed
(<20%)

Ceiling Exposed
(<20%)

Bedroom




Type I\VB Protection vs. Exposed

IV-B

Horizontal separation of unprotected areas:

A Unprotected portions of mass timber walls |
and ceilings shall be not less than 15 feet frc
unprotected portions of other walls and
cellings, measured horizontally along the
celling and from other unprotected portions
walls measured horizontally along the floor.

Credit:Kaiser+Path



Type I\VB Protection vs. Exposed .

g Bathroom Bathroom
| Hallway | 'ﬂ.‘g
If:lnsut _
N
Mp QYIAY
Living room | Bedroom
MpQ YAMY

Credit;: AWC
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Credit: Susan Jonestelierjones Architecture/Marcus Kauffman



