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“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.

Credit(s) earned on completion of this
course will be reported to AIA CES for
AlIA members. Certificates of Completion
for both AIA members and non-AIA
members are available upon request.

This course is registered with AIA CES
for continuing professional education.
As such, it does not include content
that may be deemed or construed to
be an approval or endorsement by the
AlA of any material of construction or
any method or manner of handling,
using, distributing, or dealing in any
material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion of
this presentation.
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Course Description

In January 2019, the International Code Council (ICC) approved a set of proposals
to allow tall wood buildings as part of the 2021 International Building Code (IBC).
Based on these proposals, the 2021 IBC will include three new construction
types—Type IV-A, IV-B and IV-C—allowing the use of mass timber or
noncombustible materials. These new types are based on the previous Heavy
Timber construction type (renamed Type IV-HT) but with additional fire-
resistance ratings and levels of required noncombustible protection. This
presentation will take a detailed look at the new code provisions and methods of
addressing the new requirements. Topics will include tall-wood specific high rise
and sprinkler requirements, methods of demonstrating fire-resistance ratings,
fire design for penetrations, connections and abutting panels, allowances for
exposed timber, exterior walls, concealed spaces and more.



Learning Objectives

1. Explore the three new tall wood construction types and discuss related code
provisions such as allowable heights and fire-resistance ratings.

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

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

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



NEW CONSTRUCTION
TYPES IN 2021 IBC

Type IV-A - Maximum 18 stories, with
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P

gypsum wallboard on all mass timber. s
r3
3
Type IV-B - Maximum 12 stories, limited- |
area of exposed mass timber walls and B
ceilings allowed. AL
L

Type IV-C - Maximum 9 stories, all
exposed mass timber designed for a 2-
hour fire resistance.
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Credit: American Wood Council



New Building Types
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TYPE IV-A TYPE IV-B TYPE IV-C

IBC 2021
BUSINESS OCCUPANCY [GROUP B]

Credit: Susan Jones, atelierjones

324,000 SF
ALLOWABLE BUILDING AREA

54000SF |
AVERAGE AREA PER STORY

4 STORIES MAXIMUM
nr MAXRIURM B3 OMNG b Gt
124 00 SF MAXIMLM AREA

TYPE IV- HT

IBC 2015




Tall Wood Building Size Limits

Construction Type (All Sprinklered Values)

I-A I-B 1V-A 1V-B 1V-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
R-2 Unlimited 12 18 12 8 5
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2, A-3, A- | Unlimited | Unlimited | 135,000 90,000 56,250 45,000 42,000
g 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 I-B 1V-A 1V-B 1IV-C IV-HT
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A B R Unlimited 160 65 65 65 65
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3,A-4 | Unlimited 11 3 3 3 3
B Unlimited 11 5 5 5 5
R-2 Unlimited 11 4 4 4 4
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2, A-3,A-4 | Unlimited Unlimited 45,000 30,000 18,750 15,000
B Unlimited Unlimited 108,000 72,000 45,000 36,000
R-2 Unlimited Unlimited 61,500 41,000 25,625 20,500

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




Tall Wood Building Size Limits

Construction Type (Unsprinklered Values)

I-A I-B IV-A [V-B [V-C [V-HT
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A,B,R Unlimited 160 65 65 65 65

woinalmostall.cases; oo

A-2,A-3, A4 Unlimited o 11 o 3 o 3 3
B Un 1 b, S S

R-2 Unlimited 11 4 = = =

Allowable Area Factor (At) for SM, Feet? (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)




Non-Tall Opportunities — Large Area

Construction Type (All Sprinklered Values)
I-A I-B 1V-A 1V-B 1V-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
imi Q 5
Allowable Area Factor (At) for SM, Feet? (IBC T¢ble 506.2)
Unlimited | Unlimited 45,000 42,000
Unlimited | Unlimited 108,000 85,500
Unlimited | Unlimited 61,500 72,000
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TYPE IV-

Credit: Susan Jones, atelierjones

Fast + Epp




Type IV-A Height and Area Limits

Occupancy | # of Area per |Building
Stories Story Area

A-2 270 ft 135,000 SF 405,000 SF
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m E= ratare B 18 270 ft 324,000 SF 972,000 SF

p— | B b

o —— | 12 270 ft 184,500 SF 553,500 SF
——— R-2 18 270 ft 184,500 SF 553,500 SF
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Areas exclude potential frontage increase

In most cases, Type IV-A height & story
allowances = 1.5 * Type I-B height &
AVERAGE ARFA PER STORY 54 000SH Story allowances

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

I
A
-

Credit: Susan Jones, atelierjones



18 STORIES

BUILDING HEIGHT 270
ALLOWABLE BUILDING AREA 972,000 S
AVERAGE AREA PER STORY 54 000SH

TYPE IV-A

Credit: Susan Jones, atelierjones

Type IV-A Protection vs. Exposed

| fll?“"‘

100% NC protection on all surfaces of
Mass Timber

Credit: Acton Ostry Architects, Fast + Epp



Type IV-A Fire Resistance Ratings (FRR)

Prmas SRR 3 HR (2 HR at Roof)
Ext or Int Bearing Wall FRR 3 HR
Floor Construction FRR 2 HR
Roof Construction FRR 1.5 HR

Credit: Fast + Epp



Type IV-A Fire Resistance Ratings (FRR)

&

Primary Frame FRR

Ext or Int Bearing Wall FRR
Floor Construction FRR

Roof Construction FRR

%" Type X Gypsum = 25 min

Min. NC
FRR Protection
3 HR (2 HR at 120 min (80 min
Roof) at Roof)
3 HR 120 min
2 HR 80 min
1.5 HR 80 min

5/8” Type X Gypsum = 40 min

Credit: Urban One




Noncombustible Protection (NC)

TABLE 722.7.1(a)

PROTE DN REQUIRED FROM NONCOME BLE COVERING MATERIAL
Required Fire Resistance Rating of Minimum Protection Required from
B_LLI_dLDQ_EiDEDLMRELﬁ_Ql Noncombustible Protection (minutes)
1 40 1 layer 5/8 Type X
2 80 2 layers 5/8 Type X
3 or more 120 3 layers 5/8 Type X
TABLE 722.7.1(b)
PROTECTION P IDED BY N BUSTIBLE VERIN TERIAL
Noncombustible Protection Protection Contribution
(minutes)

1/2 inch Type X Gypsum Board
5/8 inch Type X Gypsum Board

S &




Noncombustible Protection (NC)

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

-\Q/ timber.

Mass timber is permitted to have its own fire-
resistance rating (e.g., Mass Timber only) or have a
fire resistance rating based on the fire resistance
through a combination of the mass timber fire-
resistance plus protection by non-combustible
materials as defined in Section 703.5 (e.g., additional
materials that delay the combustion of mass timber,
such as gypsum board).




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)

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.




MT Type IV Minimum Sizes

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

These minimum sizes have been in
place for old type IV (current type
IV-HT) construction and the same
minimums sizes also apply to MT

used in new types IV-A, IV-B and
IV-C

Contained in IBC 2304.11




Type IV Minimum Sizes - Framing

Framing Solid Sawn Glulam SCL

(nominal) (actual) (actual)

s |Columns| 8x8 63/, x 8% 7Xx7%

o

L. Beams 6x10 5x10% 5 x 9%

. Columns 6x8 5x8% 5% x7%

o

© | Beams* 4x6 3X6'/g 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




Type IV Minimum Sizes — Floor/Roof Panels

Floor Panels/Decking:

e 4" thick CLT (actual thickness)

e 4” NLT/DLT/GLT (nominal thickness) =

* 3” thick (nominal) decking covered with: & :
1” decking or 15/32” WSP or %” =5l B g g U 1E*Hﬁl

L ?r“ﬂ =

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




MT Type IV Minimum Sizes — Walls

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

Exterior Walls for Type IV-HT

 CLT or FRTW or Non-combustible
 IBC 2018 - 6” Thick Wall (FRTW or CLT)
 [BC2021-4" Thick CLT




MT Type IV Minimum Sizes — Walls

MT Interior Walls in all Type IV:

 Laminated construction 4” thick

* Solid wood construction min. 2 layers of
1” matched boards

Other Interior Walls in Type IV A,B,C

 Non-combustible (0 hr for nonbearing)

Other Interior Walls in Type IV HT

 Non-combustible (1 hr min)

« Wood stud wall (1 hr min)

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




Type IV-A Fire Resistance Ratings (FRR)

FRR Examples:

Primary Structural Frame (Beam, Column, Bearing Wall):

3 HR Required

NC protection = at least 120 min

e Use 3 layers of 5/8” type X Gypsum = 120 min (2 HR)
Mass Timber FRR req’d =3 HR—2 HR=1HR

CREREET || ] )
C}!édit]: Str.'uc#u reCraft
AR { .|




Type IV-A Fire Resistance Ratings (FRR)

FRR Examples:

Floor Panels:

2 HR Required

NC Protection = at least 80 min

e Use 2 layers of 5/8” type X Gypsum = 80 min (1.33 HR),
plus:
e Mass Timber FRRreq’d =2 HR - 1.33 HR = 0.67 HR,

or

* Use 3 layers of 5/8” Type X Gypsum = 120 min (2 HR)

and no FRR from MT req’d




Type IV-A Protection

XC)

Floor Surface Protection Min. 1 inch of NC protection

Min. 2 layers 5/8” type X gyp
Roof Construction Protection on inside face

Min. 1 layer 5/8” type X gyp
Ext Wall Protection on outside face
Min. 2 layers 5/8” type X gyp
on inside face (non-brng)
Min. 3 layers 5/8” type X gyp
on inside face (brng)




Type IV-A Fire Resistance Ratings (FRR) .

FRR & NC Floor Panel Example: 2 HR

’/>

40 minutes . 2 layers 5/8” type—f OR 3 layers 5/8” type
of MT FRR X gypsum X gypsum



Type IV-A Fire Resistance Ratings (FRR)

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

Min. 1” NC

[ I [T T 1T T1 [71 1

v i st o o i s o e o s o i s o

Mass

Tim

er F

(@)

or Pane

40 minutes N 2 layers 5/8” type j
of MT FRR X gypsum

Glulam Beam (Primary f’

Structural Frame)

== 60 minutes of

MT FRR

+
\ 3 layers 5/8” type

X gypsum



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

— L NA.

Solid wood with Char zone
full strength

Credit: Urban One




MT Fire Resistance Ratings (FRR)

MT FRR Calculations Method:

e |BC 703.3 allows several methods of determining FRR. One is
calculations per 722.

e 722.1 refers to NDS Chpt 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 esta‘t‘:rli:&hed E‘J}’ calculratic-nrs.
based on the fire exposure and acceptance criteria specified in Thesa DI:E]CE:CIHI'ES apply only to the j_nimmatmn contained in
ASTM E119 or UL 263. The required fire resistance of a this section and shall not be otherwise used. The calculated
build; 1 ¢ ) ¢ 9 blv shall b o ted fire resistance of concrete, concrete masonry and clay
uiding € emen ,» component or assem Y shall be permitie 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 ANSUAF&PA National Design Specifi
cation for Wood Construction (NIS).



MT Fire Resistance Ratings (FRR)

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 p,=1.5in./hr.)

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

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

58 |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.§ | 18 | 1.8
14-Hour 34 |32 31 |30]129 | 28 | 28 | 28 | 26
2-Hour 44 |43 | 41 |40| 39 | 38 | 36 | 36 | 3.6




MT Fire Resistance Ratings (FRR)

Nominal char rate of 1.5”/HR is

Table 16.2.1A Char Depth and Effective Char

Depth (for [}» = 1.5 in./hr.)

recognized in NDS. Effective char

Char Effective Char
depth calculated to account for Required Fire | Depth, Depth,
° ° ® R i char
duration, structural reduction in el s gt
|-Hour 1.5 1.8
heat-affected zone et ) )
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.)

(kr) 5/8 | 34| 78 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 |3.0]| 29 2.8 28 | 28 | 26
2-Hour 44 |43 | 41 (40| 39 3R 36 | 3.6 3.6




MT Fire Resistance Ratings (FRR)

Table 16.2.2 Adjustment Factors for Fire Design!

Structural capacity check

o o ASD
performed on remaining , A
° ° ° ; Eﬁ Al B -i i EI E .
section, with stress increases ;f s 5@y 28
4 o = = Ed -
Char layer £ _-E - > = . S
Char base - _ . . -
Pyrolysis zone Bending Strength Fy X 2.85 C; Cy Co Cy .
Pyrolysis zone base Beam Buckling Strength Fis X 2.03 - o
Normal wood Tensile Strength Fy X 285 G
Compressive Strength P X 258 G Cp
Column Buckling Strength Far X 2.03 -

SR NN \\\\x

R AR\ N @ 40.813 .

VEC RO .:__-f-_\\\\i\g‘\ e =Pt Solid Sawn, Glulam, SCL
\ 81 ‘»\."‘ .\‘9_\':\\\‘»:\‘;".

S n a,, =n hla'n+['),l.(t_(nlamtg| ]]DEH CLT

R a =1.2a,, Effective Char Depth

Credit: Forest Products Laboratory



MT Fire Resistance Ratings (FRR)

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

eyt
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TEST REPORT

Contact WoodWorks for Inventory of Tests
1 |




MT Fire Resistance Ratings (FRR)

&) WoodWorks™

WOOD FERIICTS COUNCIL
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Cada Applisatisns, Canstrustian Typad snd Fire Astings

T R AT PR 3 e T RO TN e WO
Feo¥ Emewegn, W0 BT T = Py TarrfraC’ Demole s BV

e oy v, eepemesd] ey Gl ] sl i B e Al & im
Tiree b cemrited 0 UL sl dos Lo e resrerd v rremiern s lhete, o b propects Pal po besorsd
Frprwiness piope i | e rwSclabiity of wosd s e S Ao of ‘ool deiegn

TatE P b vkl orsmablinnad tov diocain Wl P bone) bosn

T Wi i wad] i Tl i’ ks i’y w1 g | wcolldc b i

sneEe | £ APk T A o rods vl b seemmaginagy

Tostary, v of Tl GEEIONg UENGE |5 DA RN SHHSgn & T el TRAELETRY CETTUE RGN, I SO 2N 0w [0 Mt
g uma ol Fruisgs S -on i, L sl weies] puarad s it anda sperTarh o e infridbordl Huiding
PEERETN. B S roein e ok K08 T a0 rosll Conce heeCh irachuing conui rion sl R BT rsarhoesn.
R b Bl [HL Th—dad B, wall il ros | cosiinueiion A oot kel elsnences rele o B S0 TR
Lo Py W EGE, PR [iPREeE BITDOLCTE A e

Frd IRSEIred that JlHE IETi 15- D kot BRcasad ang wll Masa Timber & Construotion Typa

B hiran 3 i o-rolEEn fTWe]. BEC 3 O] DM ST

Sar'iore A Tdereing Bie-inin lees el of aneesd
UL T SR Y P LR I RSN Pl R
TG S DI N T e TR R D i 5
Tl Tber i cormemaeal and Ml onEtTerTon

e Bl Tl Ill_ averEs, @] ety i Ty
soolcalon. 1 b P comd e bon & s abiothes sl
g el Sredopsr mnd SeEgne s o U pboiliy

A BuBERg'Y RN DRSO TV A
il e ke ol s an whee 0l
i iy b B Ba s, 8 st Y
o oallrcs e moin opaona (Teps | Tvoegn
R al Bk Pypms T4 barieg s boadegar e &
el O Teoes [0 i Y paem tha L ol weod
Frarrire] Tl mich of T ST e sl
[DNCTY e LT ROV DT (TIO0ATI M
TS Ealing

T i D5 C G35 3 o Tormbar SsciTal SN S3
Ba viax] N M, e by il e veala

Wi =ta Lipndierdl Fraalan] weoced TFN PR Fracsreg
= e el i sy vwealfoendh g Ins-
e e o T e oF gas

B Trow VDI B0 B - Wik bt it

E 59 L] throUghout e rechee: incading
Biahi. doals &R bofh enbifdr 558 el

T IV 865 B0 & - Comomondr relemas w
& ey Tambis oonkinac St Bl apleins
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demonstrating FRR

 Updated as new tests are
completed

* Free download at woodworks.org



Inventory of Fire Tested MT Assemblies

Table 1: North American Fire Resistanca Tests of Masz Timber Floor [ Roof Azzemblies

MT Fire Resistance Ratings (FRR)
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Materials Permitted

602.4 Type IV. Type |V construction is that type of construction in which the building
elements are mass timber or noncombustible materials and have fire resistance ratings in
accordance with Table 601. Mass timber elements shall meet the fire resistance rating
requirements of this section based on either the fire FELS.LSL&LDE rating of the noncombustible
protection, the mass timber, or mbination of rmined in accordance
with Section 703.2 or 703.3. The minimum dimensiuns and permi tted materials for building
elements shall comply with the provisions of this section and Section 2304.11. Mass timber

mass timber construction or of noncombustible construction.

Exception: Type IV-HT Construction in accordance with Section 602.4.4..
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12 STORIES

BUILDING HEIGHT 180 FT
ALLOWAEBLE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY 54 00051

TYPE IV-B

Credit: Susan Jones, atelierjones
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Credit: LEVER Architecture




Type IV-B Height and Area Limits

IV-B
Occupancy | # of Area per | Building
Stories Story Area

180 ft 90,000 SF 270,000 SF

B 12 180 ft 216,000 SF 648,000 SF
M 3 180 ft 123,000 SF 369,000 SF
R-2 12 180 ft 123,000 SF 369,000 SF

Areas exclude potential frontage increase

In most cases, Type IV-B height & story

- allowances = Type I-B height & story
NEAMGE AREA PR STORY 1 000F allowances
TYPE IV-B Type IV-B area = 2 * Type IV-HT area

Credit: Susan Jones, atelierjones
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12 STORIES

BUILDING HEIGHT 180 F1
ALLOWAEBLE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY 54 00051

TYPE IV-B

Credit: Susan Jones, atelierjones

Type IV-B Protection vs. Exposed

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

~20% of Ceiling or ~40% of Wall can be exposed

Credit: Kaiser+Path



Type IV-B Fire Resistance Ratings (FRR)

&

IV-B

2 Hour Floor -

Prm e X 2 HR (1 HR at Roof)
Ext or Int Bearing Wall FRR 2 HR
Floor Construction FRR 2 HR
Roof Construction FRR 1HR

2 Hour Floor

T



Type IV-B Fire Resistance Ratings (FRR)

IV-B

*Applicable to most

locations. Limited
b exposed MT permitted

ERR Min. I\!C
Protection
Primary Frame FRR 2 HR (1 HR at 80 min* (40
Roof) min* at Roof)
Ext or Int Bearing Wall FRR 2 HR 80 min*
Floor Construction FRR 2 HR 80 min*
Roof Construction FRR 1HR 40 min*

%" Type X Gypsum =25 min | 5/8” Type X Gypsum =40 min [ S



Type IV-B Protection

11, !
I-' | Y
N T J |
! ' 1 |
" i & |r 4] | -
i - . N Iy
B 5 U
. N -

Floor Surface Protection Min. 1 inch of NC protection

Min. 1 layer 5/8” type X gyp
Roof Construction Protection on inside face*

Min. 1 layer 5/8” type X gyp

Ext Wall Protection on outside face
Min. 2 layers 5/8” type X gyp

on inside face*

*Applicable to most locations
Limited exposed MT permitted




Type IV-B Fire Resistance Ratings (FRR)
IV-B

FRR & NC Floor Panel Example: 2 HR

Min. 1” NC

i I [ S E = = |5 L e 5 ) 65 5T 6 e 5 T 56 ) D 1 i 5 el s [ 8 R S T e [ T E R N =

Mass [Timber Floor Panel

(’

40 minutes + 2 layers 5/8” type—f OR 3 layers 5/8” type
of MT FRR* X gypsum* X gypsum*

*Applicable to most locations. Limited exposed MT permitted



Type IV-B Fire Resistance Ratings (FRR)

I\V-B
Primary Frame (2 HR) + Floor Panel Example (2 HR):
*Applicable to most Min. 1” NC
Iocations.l_imited s s | o v | | i ot s i i ' s i o o o v e
exposed MT permitted Vass Timbar Floor Pane
40 minutes 2 layers 5/8” type j
. y /* YP S 40 minutes of
of MT FRR X gypsum
MT FRR*

f» +
Glulam Beam (Primary \ 2 layers 5/8” type

Structural Frame) X gypsum*




Type IV-B Protection vs. Exposed

Limited Exposed MT allowed in Type IV-B for:

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

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

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

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

Credit: Kaiser+Path '.



Type IV-B Protection vs. Exposed

Mixed unprotected areas, exposing both ceilings
and walls:
* In each dwelling unit or fire area, max.
unprotected area =
(Uy/U, ) + (U, /U,,) < 1.0
* U, =Total unprotected MT ceiling areas
* U, = Allowable unprotected MT ceiling areas
* U, = Total unprotected MT wall areas
* U, = Allowable unprotected MT wall areas

Credit: Kaiser+Path o



Type IV-B Protection vs. Exposed

\VV-B

Desigh Example: Mixing unprotected MT walls & ceilings

Living room

Credit: AWC

18800

Bathroom

—_

= I

iy [ Utility

roam

Closet

! E—

Bedroom

800 SF dwelling unit

* U__=(800 SF)*(0.20) = 160 SF

* U_, =(800 SF)*(0.40) = 320 SF

* Could expose 160 SF of MT ceiling,
OR 320 SF of MT Wall, OR

* |f desire to expose 100 SF of MT

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



Type IV-B Protection vs. Exposed

1\V-B
Desigh Example: Mixing unprotected MT walls & ceilings
_Ziitﬂhl!ﬂ” ki o (UtC/UaC) + (UtW/an) S 1.0
oy | (100/160) + (U,,,/320) < 1.0
gl || U,, =120 SF
:  Can expose 120 SF of MT walls in
. dwelling unit in combination
Living room | Bedroom With eXPOSing 100 SF Of MT
ceiling

Credit: AWC



Type IV-B Protection vs. Exposed

Horizontal separation of unprotected areas:
Unprotected portions of mass timber walls
and ceilings shall be not less than 15 feet from
unprotected portions of other walls and

cel
ceili
Wa

ings, measured horizontally along the
ing and from other unprotected portions of
Is measured horizontally along the floor.

Credit: Kaiser+Path




9 STORIES

BUILDING HEIGHT a5
ALLOWABLE BUILDING AREA 405,000 SF
AVERAGE AREA PER STORY 45,000 St

TYPE IV-C

Credit: Susan Jones, atelierjones

Photos: Baumberger Studio/PATH
Architecture/Marcus Kauffman



Type IV-C Height and Area Limits

IV-C Occupancy | # of Area per | Building
Stories Story Area

85 ft 56,250 S 168,750 SF
B 9 85 ft 135,000 SF 405,000 SF
M 6 85 ft 76,875 SF 230,625 SF
~ R2 8 85 ft 76,875 SF 230,625 SF
' Areas exclude potential frontage increase
In most cases, Type IV-C height allowances
= Type IV-HT height allowances, but add’l
EYEEY=C stories permitted due to enhanced FRR

Type IV-C area = 1.25 * Type IV-HT area

Credit: Susan Jones, atelierjones



9 STORIES

BUILDING HEIGHT 85
ALLOWABLE BUILDING AREA 405,000 SF
AVERAGE AREA PER STORY 45,000 St

TYPE IV-C

Credit: Susan Jones, atelierjones

Type IV-C Protection vs. Exposed

All Mass Timber surfaces may be
exposed

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

Credit: Kaiser+Path, Ema Peter



Type IV-C Fire Resistance Ratings (FRR)
IV-C

&

Primary Frame FRR 2 HR (1 HR at Roof)
Ext or Int Bearing Wall FRR 2 HR
Floor Construction FRR 2 HR 7
Roof Construction FRR 1 AR %
.g



Type IV-C Protection

-\Q/ IV-C -

Floor Surface Protection None req’d

Roof Construction Protection None req'd

Min. 1 layer 5/8” type X gyp

Ext Wall Protection on outside face
None req’d on inside face

- . - ..\.‘ -
1 —il - -
Credit: Maxxon




Type IV-C Fire Resistance Ratings (FRR)
IV-C

FRR & NC Floor Panel Example: 2 HR

No NC req’d

2 HR of MT FRR
No NC req’d



Type IV-C Fire Resistance Ratings (FRR)

I\V-C
Primary Frame (2 HR) + Floor Panel Example (2 HR):
No NC req’d
Mass Timber Floor Pane

_

2 HR of MT FRR

No NC req’d

Glulam Beam (Primary /’

Structural Frame)

$=———— 2 HR of MT FRR

No NC req’d



Fire Resistance Ratings (FRR) Recap

IV-B IV-C

)

Roof Construction 1.5 1 1 HT
Primary Frame @ Roof y) 1 1 HT
Floor Construction 2 2 2 HT
Primary Frame 3 2 2 HT
Exterior Bearing Walls 3 2 2 2
Interior Bearing Walls 3 2 2 1 or HT

Required Fire Resistance Rating in Hours (per Table 601 only)



Noncombustible Protection (NC) Recap

Noncombustible Protection Required

)
! \

Credit: LEVER Architecture  Credit: PATH Architecture Photo: Blaine Brownell



Interior Wall Construction Recap

IV-C

Fire Rating (bearing wall) 3 Hr 2 Hr 2 Hr 1 Hror HT*

Laminated construction 4” thick (CLT, NLT, etc)

Construction — MT Solid wood construction min. 2 layers of 1” matched boards

NC Protection Per Interior Requirements No
Noncombustible non-bearing wall O Hr 1 Hr
Wood Stud Wall No 1 Hr

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



Exterior Wall Construction Recap

1\V-B

IV-C

IBC 2021 IBC 2018
Fire Rating (bearing wall) 3 Hr 2 Hr 2 Hr 2 Hr 2Hr
Mass Timber Mass Timber/CLT 4” min thick CLT* 6” Wall*

40 Min NC &

Exterior NC Protection , ) ,
No Exterior Combustible Coverings

FRT Sheathing, Gyp or other NC

Interior NC Protection Per Interior Requirements Not Required

Light Frame FRTW No Yes* 6” Wall*

*Changes in IBC 2015, 2018, and 2021 editions



Concealed Spaces in Type IV
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Concealed Spaces in Type IV

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

\~ FRAMED OR GLUSD-LAMIMATED MENBER
FLOORE 6 &t M.

WORE G 1O ML
FOOFS 8w G (MK

PERMITTED IMNSTALLATIZH

IIIIIIIIIIIIII

PROHBITED INSTAL i

Credit: IBC



Concealed Spaces in Type IV

Type IV-HT (IBC 2021) permits concealed spaces where one of the

following conditions exists:

1. The building is sprinklered throughout with an NFPA 13 Sprinkler and
automatic sprinklers are provided in the concealed space.

2. The concealed space is completely filled with noncombustible insulation.

3. Surfaces within the concealed space are fully sheathed with not less than
5/8” Type X gypsum.

Concealed spaces within interior walls and partitions with a one hour or

greater fire resistance rating complying Section 2304.11.2.2 do not require
additional protection.



Concealed Spaces in Type IV-HT

AL ORAAAER AOBAANY I

Option 2

() ()
Option 1 ’\

Sprinklersin [ Noncombustible

e “ -
H— 5/8” Type X gypsum
Option 3

on all MT surfaces




Concealed Spaces in Type IV-A, IV-B, IV-C

New IV-HT concealed space provisions do not apply to IV-A, IV-B
or IV-C

But, can still have concealed spaces in IV-A, IV-B, IV-C:

e |V-A and IV-B: Combustible construction forming concealed spaces
protected with NC of 80 minutes (2 layers of 5/8” Type X Gypsum)

e IV-C: Combustible construction forming concealed spaces protected with

NC of 40 minutes (1 layer of 5/8” Type X Gypsum)

Image: ZGF Architects
Photo: Ema Peter Photography



Concealed Spaces in Type IV-A, IV-B

Min. 1” NC

*Applicable to most locations. Limited

[ [ 1]

1 |

] i i

] ' s | s i o i o

it exposed MT permitted in IV-B

Mass

Imber Floor Pane

2 layers 5/8” type
/ X gypsum*

w/o dropped ceiling

2 layers 5/8” type
X gypsum

w/ dropped ceiling

Min. 1” NC

i o o v

] it st 1 i s ' i o s i | v o

Mass Timber Floor Pane




Concealed Spaces in Type IV-C

No NC req’d

u/ o Nered

w/o dropped ceiling

No NC req’d

1 layer 5/8” type \W

X gypsum

w/ dropped ceiling




Tall Wood Shaft Enclosures

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

Vs -f"_‘

By : e
- L Credit"Alex S¥hreyer



Tall Wood Shaft Enclosures

Exit & Hoistway Enclosures

E&H Enclosures FRR

IV-A

IV-B

IV-C

Up to 12 Stories or 180
ft: MT protected with 2
layers 5/8” type X gyp
(if 2 HR req’d) or 3
layers 5/8” type X gyp
(if 3 HR req’d) both
sides

Above 12 Stories or 180
ft: Noncombustible
shafts (IBC 2021 602.4)

NC or MT protected
with 2 layers 5/8”
type X gyp (IBC
2021 602.4.2.6)
both sides

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

sides

2 HR (not less than FRR of floor assembly penetrated, IBC 713.4)
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DOES TALL woon HIGH RISE?
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Mid-Rise vs. High-Rise

If this dimension exceeds
75 feet, building is 10’ floor to fioor
considered a high rise.

Lowest Level of Fire
Dept. Vehicle Access

FIGURE 6-6 Determination of high-rise building



Sprinklers in High Rises
* Two Water Mains Required if:
e Building Height Exceeds 420 ft, or

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

Ry, |
Photo: rgkn Architecture
il






CLT Fire Performance — Char Fall Off

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

Photo: Urban One Photo: ARUP




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 — Char Fall Off

Facts about CLT char fall off:

Only an item to consider in tall buildings. Important to avoid in high-rise
construction where required performance is containment of fire within
compartment of origin with no sprinkler or fire service suppression

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

Largely a function of adhesive

performance under high temps
Has been addressed in PRG 320-18 = ===
(required for all CLT under 2021 IBC,
not just tall wood) :

Photo: FPInnovations



CLT Fire Performance — PRG 320

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

........................

Standard for Performance-Rated
Cross-Laminated Timber

-.—- -“ﬁ.
¥

Photo: ARUP




CLT Fire Performance — PRG 320

PRG 320 is manufacturing & performance
standard forCcLT.
2018 edition (referenced in 2021 IBC) added Sandard b PerbwimanceRaed
new elevated temperature adhesive Cross-Laminated Timber
performance requirements validated by full-
scale and medium-scale qualification testing to
ensure CLT does not exhibit fire re-growth

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

ANNEX B. PRACTICE FOR EVALUATING ELEVATED TEMPERATURE
PERFORMANCE OF ADHESIVES USED IN CROSS-LAMINATED TIMEER

(MANDATORY)
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Connection Fire Protection

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

members. 16.3 Wood Connections

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




Connection Fire Protection

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

Photo: Josh Partee



Connection Fire Protection

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




Connection Fire Protection

Fire Test Results

Beam Connector

| 8.75” x 18" 1 x Ricon S VS 3,9051bs l hr
(222mm x 457mm) 290x80 (17.4kN)
2 10.75” x 24" Staggered double 16,6201bs |.5hrs

(273mm x 610mm) Ricon S VS 200x80 (73.9kN)

3 10.75” x 24” 1 x Megant 430 16,6201bs 1.5hrs
(273mm x 610mm) (73.9kN)



Connection Fire Protection

SOUTHWEST RESEARCH INSTITUTE

Softwood Lumber Board —— e e
Glulam Connection Fire Test “@”

Summary Report

Issue | June 5, 2017 FIRE PERFORMANCE EVALUATION OF A LOAD BEARING

GLULAM BEAM TO COLUMN CONNECTION, INCLUDING A
CLT PANEL, TESTED IN GENERAL ACCORDANCE WITH
ASTM E119-16a, STANDARD TEST METHODS FOR FIRE TESTS
OF BUILDING CONSTRUCTION AND MATERIALS

FINAL REPORT
Consisting of 32 Pages

Full Report Available at:

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



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




Penetration Fire Protection

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




Penetration Fire Protection

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

Thermal insulation

Through-penetrating item with
enough clearance as to not
touch the mass timber

Fire stopping provided
around through-penetrating

item, up to an appropriate
depth/thickness to account
for anticipated/calculated
charring of mass timber

Photos: AWC/FPInnovations/Hilti

System Mo, C-AJ2109
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Penetration Fire Protection

~ SOUTHWEST RESEARCH INSTITUTE'

SN CUOLARRA BOAD "8I 18

CHEMISTNY AND O WSCAL TNGINEE NG OMVIRION

FIRE RESISTANCE PERFORMANCE EVALUATION
OF A PENETRATION FIRESTOP SYSTEM TESTED
IN ACCORDANCE WITH ASTM  ESI14-13A,
STANDARD TEST METHOD FOR FIRE TESTS OF
PENETRATION FIRESTOP SYSTEMS

FINAL REPORT
Consisting of 18 Pages

SwRI" Project No. 01.21428.01.001a
Test Date: September 30, 2015
Report Date: October 22, 2015

Prepared for:

American Wood Council
222 Catoctin Circle SE
Leesburg, VA 20175
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Penetration Fire Protection

Inventory of Fire Tested Penetrations in MT Assemblies
s EnudWorks"

D FRODUCTS COUNCIL

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

Exposed Side Pencirating Pemetrun i Centered Stted Tewt
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SEALANTS AT MT PANEL EDGES
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Sealants at MT Panel Edges

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

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

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



Sealants at MT Panel Edges

Sealants shall meet the requirements of ASTM C920 (elastomeric joint
sealants). Adhesives shall meet the requirements of ASTM D3498 (gap
filling construction adhesives, i.e. not fire caulk).

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

-, : .
T~ f ~
s—‘_ { . -~ » &‘
pe [ W
- M £ =y
i N - [ty 4 .
- G o : | -— foa
- \ ~ - / ey ‘.
. .'. \
- \ ' £ il :
. S A
p

Photo: ARUP

Photo: NRCAN



Sealants at MT Panel Edges

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

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

Protection of MT used for occupancy separation

Addition to IBC 508.4.4.1 requires:

Mass timber elements serving as fire barriers or
horizontal assemblies to separate occupancies in
Type IV-B or IV-C construction shall be separated
from the interior of the building with a minimum
of 2" gypsum board or a noncombustible
equivalent.
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Incidental Use Separation

Protection of MT used for incidental use
separation

New section 509.4.1.1 requires:

Where Table 509 specifies a fire- resistance-
rated separation, mass timber elements
serving as fire barriers or a horizontal assembly
in Type IV-B or IV-C construction shall be
separated from the interior of the incidental
use with a minimum of %2” gypsum board or a
noncombustible equivalent.
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Fire Safety During Construction

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

3308.4 Fire safety requirements for buildings of

Types IV-A, IV-B, and IV-C construction. Buildings

of Types IV-A, IV-B, and IV-C construction designed

to be greater than six stories above grade plane

shall meet the following requirements during

construction unless otherwise approved by the

fire code official.

1. Standpipes shall be provided in accordance with
Section 3313.

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




Fire Safety During Construction

IFC 3313 Standpipe Requirements

SECTION 3313
STANDPIPES
3313.1 Where required.

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

3313.2 Buildings being demolished.

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

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

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

Credit: IFC



Fire Safety During Construction

IFC 3308.4 Cont’d

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

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

Exception: Shafts and vertical exit enclosures
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Fire Safety During Construction

2

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

masstimber construction shall be protected as required
bythis section.

Floor level of active mass timber construction.

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

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

Figure 1

Shading indicates where exterior wallcovering isrequired
T

Examples of Protection During Construction
For Mass Timber Buildings Greater Than
6 Stories Above Grade Plane
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Figure 2

| Grade Plane
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