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Session 2: Code Compliance

Topics
1. Construction Type & Building Size
2. Fire Resistance Ratings

3. Tall Wood
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Construction Types

Primarily based on building size & occupancy

Construction Type (All Sprinklered Values)
IV-A IV-B IV-C IV-HT I-A l-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, A4 18 12 6 4 4 3 3 2
B 18 12 9 6 6 4 4 3
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




Construction Types

Primarily based on building size & occupancy

Construction Type (All Sprinklered Values)

IV-A IV-B IV-C IV-HT l-A ll-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

For low- to mid-rise mass timber buildings, there may be
type. There are pros and
one type is always best.

multiple options for construction
cons of each, don’t assume that

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







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
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Construction Types

IBC defines 5 construction types:
* A building must be classified as one of these: |, Il, lll, IV, V

Further broken down into subcategories

« |-A&I-B
: :If&gécl:;EB :|' Similar Heights and Areas
« IV-A, IV-B, IV-C, & IV-HT (IBC 2021); IV (IBC 2018 and older)

- V-A&V-B A A

Nearly ldentical

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 I-B & |I-A/ll-B: Roof Decking
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Construction Types

All wood framed building options:

Type lll
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)




Type IlI-A Height and Area Limits

11-A Occupancy | # of Area per |Building
Stories Story Area

85 ft 42,000 SF 126,000 SF
B 6 85 ft 85,500 SF 256,500 SF
M 5 85 ft 55,500 SF 166,500 SF
R-2 5 85 ft 72,000 SF 216,000 SF

Stories/Heights/Areas include allowable increases for sprinklers, but exclude
potential frontage increase

________
A s

5-story residential / 6-story office
_ 2-hour rating for exterior bearing walls
Credit: Christian Columbres 1-hour rating for other building elements



Type IlI-B Height and Area Limits

- "l Occupancy | # of Area per |Building
Stories Story Area

75 ft 28,500 SF 85,500 SF
B L 75 ft 57,000SF 171,000 SF
M 3 75 ft 37,500 SF 112,500 SF
R-2 5 75 ft 48,000 SF 144,000 SF

Stories/Heights/Areas include allowable increases for sprinklers, but exclude
potential frontage increase

4-story office / 5-story residential

2-hour fire resistance rating required for
exterior bearing walls only (non
Credit: Lever Architecture combustible or FRT construction)
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Construction Types

Where does the code allow MT to be

used?

« Type lll: Interior elements (floors,
roofs, partitions/shafts) and exterior
walls if FRT
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Type IV-HT Height and Area Limits

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

85 ft 45,000 SF 135,000 SF
B 6 85 ft 108,000 SF 324,000 SF
M 5 85 ft 61,500 SF 184,500 SF
R-2 5 85 ft 61,500 SF 184,500 SF

Stories/Heights/Areas include allowable increases for sprinklers, but exclude
potential frontage increase

5-story residential / 6-story office

2-hour rating for exterior bearing walls

Credit: John Stamente Interior elements must qualify as Heavy Timber



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 | S00C PN S e
= |Columns| 8x8 6°/4 x 8% 7x7%
é Beams 6x10 5x107% 5% x 9%
. Columns 6x8 5x8% 5/ x7%
=z 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
Type IV min. sizes:

Floor Panels/Decking:

* 47 thick CLT (actual thickness)

47 NLT/DLT/GLT (nominal thickness)

« 37 thick (hominal) decking covered
with: 17 decking or 15/32" WSP or 74"
particleboard




Construction Types

Type IV min. sizes:

Interior Walls:

 Laminated construction 4" thick

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

« Wood stud wall (1 hr min)

* Non-combustible (1 hr min)

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




Construction Types

Type IV concealed spaces

Can | have a dropped ceiling? Raised access floor?




Construction Types

Type IV concealed spaces

Until 2021 IBC, Type IV-HT provisions prohibited concealed spaces

i F COoOMCEALED ACE CONCEALED SPACE
TES(FLOOR
' : T&G FLAHK FLOOR R ROOF

L FRAMED OR GLUED-LAMINATED MENEBER \ ORTSALL, ML L EOARD, FTS DRETWALL OR SIMILAR SIDIMG
FLOORS 6 5 10 (MM
ROOSE 3 2§ (MIKL) SHEETMETAL DUCT
PROHIBITEL NS AL M
PERMITTED INETALLATICH
COMCEALE CE
Al FINISH FLODRIMNG
SUSEEHDED CEILIMNG COMCEALERGRALE
PROHIBITED [NSTAL h PRSI EL M LLAL[EY

Credit: IBC



Construction Types

Type IV concealed space options within 2021 IBC

Option 1:

Sprinklers in concealed spaces ; | E
Dropped ceiling |




Construction Types

Type IV concealed space options within 2021 IBC

Option 2:
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Noncombustible insulation () )UMM 666662

Dropped ceiling




Construction Types

Type IV concealed space options within 2021 IBC

Option 3:

5/8" Type X gypsum on all mass timber
surfaces within concealed space

Dropped ceiling |
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Construction Types

Concealed Spaces in Mass Timber
and Heavy Timber Structures
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spaces solutions paper

The John W. Olver Design Building at UhMass
Amherst includes axposed wood structurg
in some areas and dropped ceilings in others.

Tt 2

B 4

=

- Architect: Leers Weinzapfel Associates

https://www.woodworks.org/wp-content/uploads/wood solution paper-
Concealed Spaces Timber Structures.pdf



https://www.woodworks.org/wp-content/uploads/wood_solution_paper-Concealed_Spaces_Timber_Structures.pdf

Type V-A Height and Area Limits

V-A Occupancy | # of Area per |Building
Sl Stories Story Area

70 ft 34,500 SF 103,500 SF

B L 70 ft 54,000 SF 162,000 SF
M 2 70 ft 42,000 SF 126,000 SF
R-2 2, 70 ft 36,000 SF 108,000 SF

Stories/Heights/Areas include allowable increases for sprinklers, but exclude potential
frontage increase

3 to 4-story residential/office

1-hour fire resistance rating required for
most building elements



Type V-B Height and Area Limits

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

60 ft 18,000 SF 36,000 SF
B 3 60 ft 27,000 SF 81,000 SF
M 2 60 ft 27,000 SF 54,000 SF
R-2 3 60 ft 21,000 SF 63,000 SF

Stories/Heights/Areas include allowable increases for sprinklers, but exclude potential
frontage increase

1-story retail and restaurants
2 to 3-story residential/office

No fire resistance ratings required



Construction Types

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

Image: Christian Columbres Photogra




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

Office R 27011,

Restdential e NFPA 13 Sprinkler
Office
~ 180 ft.
Mercantil Assembly :
(12 stories) | Sl M (12 stories)
Office . 85ft.
Mercantile (9 stories) — | g (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-A Height and Area Limits

Occupancy | # of Area per | Building
Stories Story Area
A-2 18

270 ft 135,000 SF 405,000 SF
B 18 270 ft 324,000 SF 972,000 SF
M 12 270 ft 184,500 SF 553,500 SF
R-2 18 270 ft 184,500 SF 553,500 SF

Areas exclude potential frontage increase

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

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



Type IV-B Height and Area Limits

IV-B
v Occupancy | # of Area per | Building
Stories Story Area
B i 180 ft 90,000 SF 270,000 SF
==: B 12 180 ft 216,000 SF 648,000 SF
" :HF M 8 180 ft 123,000 SF 369,000 SF
ol
Ei - R-2 12 180 ft 123,000 SF 369,000 SF
_E g - Areas exclude potential frontage increase
- In most cases, Type IV-B height & story
ostones . allowances = Type I-B height & story
ALLOWABLE BUILDING AREA 642,000 S allowances
TYPE IV-B

Credit: Susan Jones, atelierjones

Type IV-B area = 2 * Type IV-HT area



Type IV-C Height and Area Limits

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

85 ft 56,250 SF 168,750 SF
B 9 85 ft 135,000 SF 405,000 SF
M 6 85 ft 76,875 SF 230,625 SF
R-2 3 85 ft 76,875 SF 230,625 SF

Areas exclude potential frontage increase

: In most cases, Type IV-C height allowances

Al ]| '-ll.'r'_u".l-i'_ | = ||| | J A W O :-\..-'

SRR = Type IV-HT height allowances, but add’l
TYREIN=C stories permitted due to enhanced FRR

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

Credit: Susan Jones, atelierjones



Key Early Design Decisions

Construction Type Early Decision Example

7-story building on health campus

« Group B occupancy, NFPA 13 sprinklers throughout
* Floor plate = 22,300 SF

« Total Building Area = 156,100 SF

MT Construction Type Options:
« If Building is < 85 ft

o 7 stories of IV-C

« 6 stories of llIA or IV-HT over 1 story IA podium
« If Building is > 85 ft

o 7 stories of IV-B



Key Early Design Decisions

Construction Type Early Decision Example

MT Construction Type Options:
« If Building is < 85 ft

» 7 stories of IV-C

« 0 stories of llIA or IV-HT over 1 story IA
 If Building is > 85 ft

o 7 stories of IV-B

Implications of construction type choice in this example:
FRR (2 hr vs 1 hr vs min sizes)

Efficient spans & grid

Exposed timber limitations

Concealed spaces

Cost

And more...



Key Early Design Decisions

Construction Type Early Decision Example

o 7 stories of IV-C

Implications of Type IV-C:

2 hr FRR, all exposed floor panels, beams, columns
Likely will need at least 5-ply CLT / 2x6 NLT/DLT
Efficient spans in the 14-17 ft range

Efficient grids of that or multiples of that (i.e. 30x25, etc)
No podium required




Key Early Design Decisions

Construction Type Early Decision Example

« 6 stories of llIA or IV-HT over 1 story IA

Implications of Type IlIA or IV-HT:

1 hr FRR or min. sizes

Potential to use 3-ply or thin 5-ply CLT

Efficient spans in the 10-12 ft range

Efficient grids of that or multiples of that (i.e. 20x25, etc)
1 story Type |IA podium required



Key Early Design Decisions

Construction Type Early Decision Example

o 7 stories of IV-B

Implications of Type IV-B:

2 hr FRR, mostly protected floor panels, beams, columns
Exposed areas: likely 5-ply / 2x6 NLT/DLT

Protected areas: potential for thinner panels

Choose 1 system throughout or multiple systems?

Does grid vary or consistent throughout?

No podium required
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Key Early Design Decisions

Construction type influences FRR

BUILDING ELEMENT

Primary structural frame’ (see Section 202)

Bearing walls
Exterior™*
Intenor

Nonbearing walls and partitions
Exterior

Nonbearing walls and partitions
Inteno

Floor construction and associated secondary members
(see Section 202)

Roof construction and associated secondary members
(see Section 2002)

TABLE 801
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)

TYPE Il TYPE IV

A | B HT A | B

Secnion

602.4.6

Source: 2018 IBC



COMPARATIVE STRENGTH LOSS OF WOOD VERSUS STEEL

100
920
WwWOoOoD 25% loss @
80 - 30 minutes
WOODWORKS
70 —
60 -—
S50 —
40 -
30 -
90% loss @
20 — 30 m!nu‘tes
13B0 F
10 -
v e | [ | |

o 10 20 30 40

TIME (MINUTES)
Results from test sponsored by National Forest Products
Association at the Southwest Research Institute

SOURCE: AITC




Construction Types

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

Framing | S00C PN S e
= |Columns| 8x8 6°/4 x 8% 7x7%
é Beams 6x10 5x107% 5% x 9%
. Columns 6x8 5x8% 5/ x7%
=z 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



Key Early Design Decisions TS

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




Key Early Design Decisions
Construction type influences FRR

lABLE BUT

BUILDING ELEMENT 5 TYPE IV

C
Primary structural frame’ (see Section 202) : 3 24

Bearmng walls
Exterior! 3 2 | 0
Interior 3* i 1 0
Nonbearing walls and partitions
Exterior

See Table 7055

MNonbearnne walls and itions See
e ik ol o] ol o Section
2304.11.2

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

Roof construction and assoclated secondary
structural members (see Section 202)

Source: 2021 IBC



CLT structural capacity
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CLT char depth

Original CLT depth

Credit; David Barber, ARUP



Key Early Design Decisions

Member Sizes

* Impact of FRR on sizing

* Impact of sizing on efficient spans

» Consider connections — can drive
member sizing

Credit: Kaiser+Path
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Key Early Design Decisions

Which Method of Demonstrating FRR of MT is Being Used?
1. Calculations in Accordance with IBC 722 — NDS Chapter 16

2. Tests in Accordance with ASTM E119

Unexposed surface

13

|2n
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A e
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oo 3

Solid wood with Char zone

- R full strength
Credit: Urban One
Fire exposed surface



Code Path for Exposed Wood Fire-Resistance Calculations

F R R D es i g n Of M T ﬁ;:o{ifor defarmiining fire resiliance

* Prescriptive designs per IBC 721.1

Calculations in accordance with IBC 722
Fire-resistance designs documented in sources
Engineering analysis based on a comparison
Alternate protection methods as allowed by 104.11

Calculated FRR of Exposed MT:
IBC to NDS code compliance path

IBC 722
Calculated Fire Resistance

“The calculated fire resistance of exposed wood
r members and wood decking shall be permitted
& in accordance with Chapter 16 of ANSIJAWC
el ' National Design Specification for Wood
Construction (NDS)

NDS’

N NDS Chapter 16
IMTERNATIONAL Fire Design of Wood Members

BUILCHNG Nt S .
* |imited to calculating fire resistance up to 2 hours

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

i ¢ TR 10 and NDS commentary are helpful in
w5 implementing permitted calculations.




FRR Design of MT

b

j
&
i

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

L R e e e e e
015 EDITION 4

Table 16.2.1B Effective Char Depths (for CLT

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

ke 58 |34 ) 78 | 1 |1-1/4] 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 |22 | &3 2828 | 18 1.8 | 1.8 | 1.8
1-Hour 34 |32 31 |30]129 | 28 | 28 | 28 | 26
2-Hour 44 |43 | 41 (40| 39 | 38 | 36 | 36 | 3.6

Credit: FF?_fI__nnovations



FRR Design of MT

Table 16.2.1A Char Depth and Effective Char

Nominal char rate of 1.5°/HR is Depth (for n = 1.5 in./hr.)
recognized in NDS. Effective char Char Effective Char
depth calculated to account for Required Fire | Depth, Depth,
] ] ] Resistance Achar Ay
duration, structural reduction in (hr.) (in.) (in.)
|-Hour 1.5 1.8
heat-affected zone o )] )
2-Hour 2.6 3.2

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

Required Effective Char Depths, a,,
Fire (in.)
Endurance lamination thicknesses, hu (in.)

(ke 58 34|78 | 1 |1-1/4] 1-3/8 |1-1/2|1-3/4] 2

1-Hour 22 |22 | <Zd 28] 20 | 19 12 | 1.8 | 1.8
1'2-Hour 34 |32] 31 |30 29| 28 | 28 | 28 | 2.6
2-Hour 44 (43| 41 |40 | 39 | 38 | 36 | 36 | 36




FRR Design of MT

Two structural capacity checks performed:

1. On entire cross section neglecting fire effects

2. On post-fire remaining section, with stress
Increases

Char layear
C-har base

Pyroiys:is 2one
Pyrolysis 2one Dase
{N{_‘lf‘m.].' wood e — _.:

PEREA a,, =Pt Solid Sawn, Glulam, SCL

oy

] L i %;1 \ ::.: A 1‘ atha' _ nlan hla‘n N '3[ (t B (nlam t )]G.Elﬂ- CLT

R0 L N A = 1'2ac:har EffeCtlve Char Depth

Credit: Forest Products Laboratory



FRR Design of MT

NDS Table 16.2.2 Design stress adjustment factors applied to adjust
to average ultimate strength under fire design conditions

Table 16.2.2 Adjustment Factors for Fire Design!

g0 | B || g | 2

es o = a3} S
Bending Strength Fy X 2.85 Cr Cv Cs, CL -
Beam Buckling Strength Fue X - - " " o
Tensile Strength F, X G = ~ - =
Compressive Strength F. X Cr - - - Cp
Column Buckling Strength F.r X - - " - -
1. See 4.3, 5.3, 8.3, and 10.3 for applicability of adjustment fact necifidinroducts.

2. Factor shall be based on initial cross-section dimensions.
3. Factor shall be based on reduced cross-section dimensions. Source: AWC’s NDS



FRR Design of MT

AWC’s TR10 is a technical design guide, aids in the use of NDS
Chapter 16 calculations

Example 5: Exposed CLT Floor - Allowable Stress Design

Simply-supported cross-laminated timber (CLT) floor spanning L=18 ft in the strong-axis direction. The
design loads are qive=80 psf and qdeads=30 psf including estimated self-weight of the CLT panel. Floor
decking, nailed to the unexposed face of CLT panel, is spaced to restrict hot gases from venting through
half-lap joints at edges of CLT panel sections. Calculate the required section dimensions for a 1-hour
structural fire resistance time when subjected to an ASTM E119 fire exposure.

For the structural design of the CLT panel, calculate the maximum induced moment.

Calculate panel load (per foot of width):
Wiocad = (Qdead + Qiive) = (30 psf +80 psf)(1ft width) =110 plf/ft of width

Calculate maximum induced moment (per foot of width):
Mmax = Wicad L2/ 8 = (110)(182)/8 = 4,455 ft-Ib/ft of width

Caiculaﬁng the From PRG 320, select a 5-ply CLT floor panel made from 1-3/8 in x 3-1/2 in. lumber boards (CLT
Fire Resistance of thickness of 6-7/8 inches). For CLT grade V2, tabulated properties are:

] Wood Membters Bending moment, FuSefio = 4,675 ft-Ib/ft of width (PRG 320 Annex A, Table A2)
- 1 and Assemblies

Technical Report No. 10 Calculate the allowable design moment (assuming Cp=1.0: Cnv=1.0: Ci=1.0: C.=1.0)
‘ Ms' = Fo(Ser)(Co)(Cum)(Ci)( CL) = 4,675 (1.0)(1.0)(1.0) = 4,675 ft-Ib/ft of width (NDS 10.3.1)
Structural Check: Ms' = Mmax 4,675 ft-b/ft > 4,455 ft-Ib/ft y
AMERICAN (note: serviceability check is not performed to simplify the design example, but should be done in typical
WOOD structural design).
COUNCIL

Source: AWC’s TR10



FRR Design of MT
Tested FRR of Exposed MT:

« |IBC 703.2 notes the acceptance of FRR demonstration via testing in

accordance with ASTM E119

703.2 Fire-resistance ratings. The fire-resistance rating of
building elements, components or assemblies shall be deter-
mined in accordance with the test procedures set forth in
ASTM E119 or UL 263 or in accordance with Section 703.3.
The fire-resistance rating of penetrations and fire-resistant
Jjoint systems shall be determined in accordance Sections 714
and 715, respectively.

1200
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600 /

400

Temperature (2C)

N
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o

o

0 60 120 180
Time (min)

240

Standard ASTM E119 test time-
temperature curve




FRR Design of MT

Tested FRR of Exposed MT:
* Many successful Mass Timber ASTM E119 fire tests have been
completed by industry & manufacturers

-
P""; Fire Taaling -E'
ol |. I:'. hlo e ‘. .-:.. '..'
NGC NGy Tenling Lalesminy
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FRR Design of MT
WoodWorks Inventory of Fire Tested MT Assemblies

i) WoodWorks™

WTHTeC T T, LT

Table 1: Morth American Fire Resistance Tests of Mass Timber Floor [ Roof Assemblies
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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).
« Seen as more acceptable by some building officials
« Calculations:
« (Can provide more design flexibility
* Allows for project span and loading specific analysis



Fire-Resistive Design of MT

£ WoodWorks®
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Fire-Resistive Design
of Mass Timber Members

Code Applioations, Constmiation Typas and Fire Ratings
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Questions?

Bruce Lindsey

Senior Technical Director
bruce@woodworks.org

(704) 877-6255

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

Regional Director
chelsea.drenick@woodworks.org
(303) 588-1300
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BROCK COMMONS, BRITISH COLUMBIA 18 STORIES | 174 FT
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Bygg Mesteren | Voll Arkitekter

18 STORIES | 280 FT

MJOSTARNET, NORWAY



Photos: RLP Riidiger Lainer + Partner, RWTplus

24 STORIES | 275 FT
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Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman | Architect: PATH Architecture

CARBON12, PORTLAND, OR 8 STORIES | 85 FT
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ASCENT, MILWAUKEE
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ASCENT, MILWAUKEE
er Building in the World

| ¥

Tallest Mass Tim

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



ASCENT, MILWAUKEE

19 TIMBER OVER 6 PODIUM, 284 FT

Photo: Korb & Associates Architects | Architect: Korb & Associates Architects
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3 STORY VERTICAL ADDITION . N
i ON EXISTING 7-STORY CONCRETE BUILDING : .
: 2 R >




MQQWorks | Architect: Hickok Cole
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CHARLOTTESVILLE, VA
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11 E LENOX, BOSTON, MA 7 STORIES

70 FT

Passive House
Multi-Family
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Credit; H + O Structural Engineeriir% glm
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11 E LENOX, BOSTON, MA
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BEFORE 2021 IBC Code Limit for wood - 6 stories (business) 5 stories (residential) and 85 feet

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

TypeV  ——— Typelll ——— 4+ Mezzanines = —— + Podiums
Type IV (HT)



INTERNATIONAL

CODE 3 YEAR CODE CYCLE
COUNCIL®

-:I11IJ|l..ﬁ'll'J.:|l_
L BLILDING
fn

IBC

d ey e International [T
. InternaTiONAL S Building
counnichey 2 Bunin Code
Cops

2000 @@ -



U.S. TALL WOOD
DEVELOPMENT AND CHANGES

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

[BS] CROSS-LAMINATED TIMBER. A prefabricated
engineered wood product consisting of not less than three
layers of solid-sawn lumber or structural composite lumber

where the adjacent layers are cross oriented and bonded with
structural adhesive to form a solid wood element.

2303.1.4 Structural glued cross-laminated timber. Cross-
laminated timbers shall be manufactured and identified in
accordance with ANSIVJAPA PRG 320.

y
2 015 INTERHATIONAL
Bullding Code
L b ol o o a—_



U.S. TALL WOOD
DEVELOPMENT AND CHANGES

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

Photo: Seagate Structures

UBC Brock Commons Student Residence. Vancouver, British Columbia, 2016



U.S. TALL WOOD
DEVELOPMENT AND CHANGES
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In December 2015, the ICC Board established the ICC Ad Hoc
Committee on Tall Wood Buildings. Objectives:

1. Explore the building science of tall wood buildings

2. Investigate the feasibility, and

3. Take action on developing code changes for tall wood buildings.



Taller wood buildings create new set of challenges to address:

AHC established 6 performance objectives:

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

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




AHC established 6 performance objectives:

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

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




AHC established 6 performance objectives:

No unusual fire department
access issues

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




U.S. BUILDING CODES
@ Tall Wood Ad Hoc Committee s

Commissioned series of 5 full-scale tests
on 2-story mass timber structure at ATF

lab in MD, May-June 2017

914m

00m DdmiSm 30m

Figure 2. Elevation view of the front of the cross-laminated timber test structure.

nam

Corridor

1.52m

IS —
=
s ||.I
488 m
!

1.52m
| 9]
I § Bathroom
Kitchen I ! "
Utiliny
Haltway || (oo
Closet
| ERES
610 m
Living room ] Bedroom
3.66 m —
4 57 m ——————
9.14m
Figure 1. General plan view of cross-laminated timber test structure.
Images: AWC



U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

Tests on exposed mass timber, gypsum-covered mass timber; normal sprinkler
protection, delayed sprinkler protection
Majority of flames seen are from contents, not structure




U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

Test Description Construction
Type

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

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

Test 3 Two opposing CLT walls exposed — one in bedroom and IV-B
one in living room. No Sprinklers.

Test 4 All mass timber surfaces fully exposed in bedroom and IV-C
living room. Sprinklered — normal activation

Test 5 All mass timber surfaces fully exposed in bedroom and IV-C
living room. Sprinklered — 20 minute delayed activation
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TALL WOOD APPROVED!

Unofficial results posted Dec 19, 2018
Final votes ratified Jan 31, 2019

AWC: Tall Mass Timber code changes get final
approval

Dec 19, 2018

LEESBURG, VA. — The International Code Council (ICC) has released the unofficial voting results on
code change proposals considered in 2018, including passage of the entire package of 14 tall mass
timber code change proposals. The proposals create three new types of construction (Types IV-A, IV-B
and [V-Cj}, which set fire safety requirements, and allowable heights, areas and number of stories for

i tall mass timber buildings. Official results are expected to be announced during the first quarter of
2019. The new provisions will be included in the 2021 Infernational Building Code (IBC).

“Mass timber has been capturing the imagination of architects and developers, and the ICC result
means lhE}l' can now tum sketches into reallt:.r ICC’s rigorous 5tudy, teatlng and vioting pmnesﬁ now
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U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

2021 IBC Introduces 3 new tall wood
construction types:

IV-A, IV-B, IV-C
Previous type IV renamed type IV-HT

BUILDING TYPE IV
ELEMENT) A | B | A B |AalBfajBlclurfal]B
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TYPE IV-A

Credit: Susan Jones, atelierjones

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



Type IV-A Protection vs. Exposed
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8 STORIES
BLILDMG HEIEHT 210

AVERAGE AREA PER STORY 540008 100% NC protection on all surfaces of
TYPE IV-A Mass Timber

Credit: Susan Jones, atelierjones

Credit: Acton Ostry Architects, Fast + Epp



IV-A

Ie.
i
7 PN

No timber surfaces may be exposed «
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12 STORIES

BUILDINMG HEIGHT 180 FT
ALLOWABLE BLILDING AREA 648,000 5F
AVERAGE AREA PER STORY  5a.0005F

TYPE IV-B

Credit: Susan Jones, atelierjones

Credit: LEVER Architecture




Type IV-B Protection vs. Exposed
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12 STORIES

BUILDIMG HEIWEHT 180 F1
ALLOWABLE BLILDING AREA 648,000 5F
AVERAGE AREA PER STORY  54.0005F

TYPE IV-B

Credit: Susan Jones, atelierjones

o
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Ky

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

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

Credit: Kaiser+Path






Type IV-B Protection vs. Exposed

Ceiling Exposed
(<20%)

Ceiling Exposed

(<20%) Ceiling Exposed

(<20%)

%
Wall Exposed
(<40%)

Credit: AWC



8 STORIES

BUILDING HENGHT BS
ALLOWARLE BUILDING AFEA 405 000 SF
AVERAGE AREA PER STORY 45,000 S5F

TYPE IV-C

Credit: Susan Jones, atelierjones

Architecture/Marcus Kauffman



Type IV-C Protection vs. Exposed

BUIL DING HEIGHT BS
ALLOWARL E BLILDING AFEA 405 000 SF
AVERAGE AREA PER STORY 45,000 SF

TYPE IV-C

Credit: Susan Jones, atelierjones

All Mass Timber surfaces may be
exposed

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

Credit: Kaiser+Path, Ema Peter
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Mid-Rise vs. High-Rise

If this dimension exceeds
75 teet, building is 10 floor to floor
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:
* Building Height Exceeds 420 ft, or
 Type IV-A and IV-B buildings that
exceed 120 ft in height




Materials Permitted

602.4 Type IV. Type IV 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 rmﬂmﬂ_r;a_:_g_oﬂhﬂ noncombustible
protection, the mass timber, or a combination of both and shall be determined in accordance
with Section 703.2 or 703.3. The minimum dimensions and permitted materials for building
elements shall comply with the provisions of this section and Section 2304.11. Mass timber

Exterior load-bearing walls and nonload-bearing wall all be mass timber constri
hall | : bustibl | .
EmplmmlzpelVHTQonstmﬂJmmjmﬂdﬁm_mmieﬂmn_ﬁali&L

L= erior building elemen N iding nonload-bearing wa and partition

mass timber construction or of noncombustible construction.
Exception: Type IV-HT Construction in accordance with Section 602.4.4..




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




Noncombustible Protection (NC)

The definition of “Noncombustible

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

Mass timber is permitted to have its own fire-
resistance rating (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).




Tall Wood Materials & Protection

IV-A

IV-B

[V-C

Exterior Walls Mass Timber, exterior surface protected with 1 layer 5/8” type X gyp
Structural Materials Mass Timber or Non-combustible
Concealed Spaces Permitted, requires NC protection on MT surfaces

All MT is protected
3 HR: 3 layers 5/8”

type X gyp
2 HR or less: 2 layers

5/8” type X gyp

Gypsum Protection

Same as IV-A for
protected MT. Limited
exposed MT
permitted, FRR still
applies

All MT permitted may
be exposed except as
noted




Tall Wood Fire Resistance Ratings (FRR)

IV-B

IV-C

Primary Frame or Brng Wall FRR 3 HR (2 HR at Roof)

2 HR (1 HR at Roof)

2 HR (1 HR at Roof)

Floor Construction FRR 2 HR

2 HR

2 HR

Roof Construction FRR 1.5 HR

1 HR

1HR

X 1 inch of NC
Floor Surface Protection protection

1 inch of NC protection

No protection req’d




MT Fire Resistance Ratings (FRR)

D

Mass Timber

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.

Non-Combustible
Fire

=== Resistance
Rating




Fire Safety During Construction

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

IFC 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/CFC 3313 Standpipe Requirements

SECTION 3313
STANDPIPES
3313.1 Where required.

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

3313.2 Buildings being demolished.

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

3313.3 Detailed requirements.
Standpipes shall be installed in accordance with the provisions of Section 9035.

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

Photo: Urban One



Fire Safety During Construction

'''''

Credit: ICC
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WOoOD FRODUCTS COUNCIL

Tall Wood Buildings in the 2021 IBC
Up to 18 Stones of Mass Timber
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Background: ICC Tall Wood Building
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WoodWorks Tall Wood Desigh Resource

https://www.woodworks.org/resources/tall-wood-buildings-in-the-2021-ibc-up-to-18-stories-of-mass-timber/
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https://www.woodworks.org/resources/tall-wood-buildings-in-the-2021-ibc-up-to-18-stories-of-mass-timber/

Tall Mass Timber Code Adoption

Status as of April 2022 The following jurisdictions have adopted the tall mass timber provisions in the 2021 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

*City of Austin, Texas — Ordinance No 20210603-059, adoption of the 2021 IBC (effective September 1, 2021)
*Maine — Emergency Rule 3, amendments to the Maine Uniform Building and Energy Code (Section 5, item 25)
City of Bryan, TX adoption of the 2021 IBC

*Georgia — Appendix P to the 2018 IBC

eldaho — Amendments to the Idaho Building Code

*City of Fort Worth, TX — Fort Worth Construction Codes

Other jurisdictions are considering adoption of the tall mass timber provisions

See: https://www.woodworks.org/resources/status-of-building-code-allowances-for-tall-mass-timber-in-the-ibc/



https://codes.iccsafe.org/content/OSSC2019P1/appendix-p-tall-wood-buildings
https://sbcc.wa.gov/sites/default/files/2020-04/2018%20IBC%20Insert%20Pages.2nd%20print.pdf
https://www.denvergov.org/content/dam/denvergov/Portals/696/documents/Denver_Building_Code/2019-code-update/2019_final_amendments.pdf
https://le.utah.gov/xcode/Title15A/Chapter2A/15A-2a.html?v=C15A-2a_2020051220200512
https://www.iccsafe.org/wp-content/uploads/errata_central/2019_CA_BldgV1_Supp_July2021.pdf
https://codes.iccsafe.org/content/VCC2018P1/supplemental-mass-timber-information#VCC2018P1_AppSUPPLEMENTAL_SubCh1
https://www.austintexas.gov/edims/document.cfm?id=362187
https://www.maine.gov/dps/fmo/sites/maine.gov.dps.fmo/files/inline-files/CleanTextChap3-2021.docx
https://docs.bryantx.gov/planning_development/2021%20IBC.pdf
https://www.dca.ga.gov/sites/default/files/2022_ibc_amendments.pdf
https://dbs.idaho.gov/wp-content/uploads/sites/105/2022/02/bld_02232022_243930_Rules.pdf
https://www.fortworthtexas.gov/departments/development-services/permits/construction-codes
https://www.woodworks.org/resources/status-of-building-code-allowances-for-tall-mass-timber-in-the-ibc/

‘California Building Standards
Commission Passes Tall Wood Code

Change Proposals

Source: Softwood Lumber Board

“The early adoption of mass timber codes can be a benefit to California in many

ways, but | would like to highlight three of those advantages in this proposal.

1. It has the potential to increase the market demand for mass timber production
in California to meet the needs of the construction industry.

2. It will increase the pace and scale of our wildland fire prevention and forest
management goals of treating 500 thousand acres per year by thinning the forest
of smaller diameter trees that can be used in the production of cross laminated
timber and other mass timber assemblies.

3. While wood products provide the benefit of storing carbon, another benefit or
advantage is that mass timber construction can also help reduce the carbon
footprint of concrete and steel production.”

- Chief Mike Richwine, State Fire Marshal
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Copyright Materials

This presentation is protected by US
and International Copyright laws.
Reproduction, distribution, display and use of
the presentation without written permission
of the speaker is prohibited.

© The Wood Products Council 2021

Disclaimer: The information in this presentation, including, without limitation, references to information contained in other
publications or made available by other sources (collectively “information”) should not be used or relied upon for any
application without competent professional examination and verification of its accuracy, suitability, code compliance and
applicability by a licensed engineer, architect or other professional. Neither the Wood Products Council nor its employees,
consultants, nor any other individuals or entities who contributed to the information make any warranty, representative or
guarantee, expressed or implied, that the information is suitable for any general or particular use, that it is compliant with
applicable law, codes or ordinances, or that it is free from infringement of any patent(s), nor do they assume any legal liability
or responsibility for the use, application of and/or reference to the information. Anyone making use of the information in any
manner assumes all liability arising from such use.



	Slide Number 2
	Slide Number 3
	Slide Number 6
	Slide Number 8
	Slide Number 12
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 20
	Slide Number 21
	Slide Number 22
	                            Type V-A Height and Area Limits
	Slide Number 26
	                                Type IV-A Height and Area Limits
	                            Type IV-B Height and Area Limits
	                            Type IV-C Height and Area Limits
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 40
	Slide Number 55
	Slide Number 57
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 71
	Slide Number 72
	Slide Number 75
	Slide Number 82
	Slide Number 83
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	                                Type IV-A Protection vs. Exposed
	Slide Number 97
	                            Type IV-B
	Type IV-B Protection vs. Exposed
	Slide Number 100
	                            Type IV-C
	Type IV-C Protection vs. Exposed
	Slide Number 104
	Slide Number 106
	Slide Number 108
	    MT Type IV Minimum Sizes 
	Fire Safety During Construction
	Fire Safety During Construction
	Slide Number 120
	Slide Number 122



