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CURRENT & HISTORIC FIRE
ASSEMBLIES

DEFINITIONS

e FIRE PROTECTION RATING. THE PERIOD OF TIME THAT AN OPENING PROTECTIVE WILL
MAINTAIN THE ABILITY TO CONFINE A FIRE AS DETERMINED BY TESTS SPECIFIED IN SECTION 716.
RATINGS ARE STATED IN HOURS OR MINUTES.

FIRE RESISTANCE. THAT PROPERTY OF MATERIALS OR THEIR ASSEMBLIES THAT PREVENTS OR
RETARDS THE PASSAGE OF EXCESSIVE HEAT, HOT GASES OR FLAMES UNDER CONDITIONS OF

USE.

FIRE-RESISTANCE RATING. 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.
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SYSTEMS

* FIRE WALLS

e FIRE BARRIER

¢ FIRE PARTITION

¢ HORIZONTAL ASSEMBLY

e AND OTHERS

BUILDING CONSTRUCTION
TYPES
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THE CLASSIFICATION OF BUILDINGS INTO DIFFERENT CONSTRUCTION TYPES IS BASED ON HOW
THE STRUCTURE BEHAVES WHEN EXPOSED TO FIRE. THIS INCLUDES MATERIAL COMBUSTIBILITY,
AND MATERIAL BEHAVIOR WHEN EXPOSED TO ELEVATED TEMPERATURES.

LOWEST COMMON DENOMINATOR APPROACH IS USED WHERE EVEN A SINGLE ELEMENT CAN
CAUSE A BUILDING TO BE RATED AS A LOWER CONSTRUCTION TYPE.

NON-COMBUSTIBLE

* MATERIALS THAT IN THE FORM IN WHICH IT IS USED, AND UNDER THE CONDITIONS ANTICIPATED,
WILL NOT IGNITE, BURN, SUPPORT COMBUSTION, OR RELEASE FLAMMABLE VAPORS WHEN
SUBJECTED TO FIRE OR HEAT




INTERNATIONAL CODE COUNCIL, (2018 IBC)

e 5 MAJOR CONSTRUCTION TYPES
e NON-COMBUSTIBLE

e TYPEI

o TypEIl
o COMBUSTIBLE

o TyPEIll

« TYPEIV

o TYPEV

FIRE-RESISTANCE RATING

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)

TYPEI TYPE I TYPE 1l TYPE IV
BUILDING ELEMENT

A B B B HT

Primary structural frame' (see Section 202) 30 28t 1] 1 HT

Bearing walls
Exterior™" 3 2 2
1

2 2
Interior 0 I/HT

Nonbearing walls and partitions

. See Table 602
Exterior

See
Section
2304.11.2

Nonbearing walls and partitions
Interior®

Floor construction and associated secondary members
(see Section 202)

HT

Roof construction and associated secondary members

Iy b be c . c
(see Section 202) ' 1 HT

For SI: 1 foot = 304.8 mm.

a. Roof supports e-resistance ratings of primary structural frame and bearing walls are permitted to be reduced by 1 hour where supporting a roof only.
. Except in Group F-1, H, M and 5-1 occupancies, fire protection of structural members in roof construction shall not be required. including protection of
primary structural frame members, roof framing and decking where every part of the roof construction is 20 feet or more above any floor immediately below.

Fire- dant-treated wood members shall be allowed to be used for such unprotected members.
. In all occupancies, heavy timber complying with Section 2304.11 shall be allowed where a I-hour or less fire-resistance rating is required.
. Not less than the fire-resi e rating required by other sections of this code.
:. Not less than the fire-resistanc ed on fire separation distance (see Table 602).

Not less than the fire-resistance ra s referenced in Section 704.10.
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FIRE-RESISTANCE RATING

TABLE 602
FIRE-RESISTANCE RATING REQUIREMENTS FOR EXTERIOR WALLS BASED ON FIRE SEPARATION DISTANCE®®®

FIRE SEPARATION DISTANCE = TYPE OF OCCUPANCY OCCUPANCY OCCUPANCY
X (feet) CONSTRUCTION GROUP H* GROUPF-1, M, S-1' | GROUP A, B, E, F-2, I, R!, §-2, U"
X<3® All 3 y 1
1A ; y 1
Others 1
1A, 1B 1
10<X<30 1B, VB 0
Others 1°
(=30 All 0

5=X<10

OCCUPANCY TYPES

ASSEMBLY (A)
BUSINESS (B)
EDUCATIONAL (E}
FACTORY (F)
HIGH-HAZZARD (H)
INSTITUTIONAL (1)
MERCANTILE (M)
RESIDENTIAL (R)
STORAGE (S)
umiury (U)
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SEPARATIONS

TABLE 508.4
REQUIRED SEPARATION OF OCCUPANCIES (HOURS)

b
R

112, 13, 4 - Fz,52,0 | BB ELM |y
OCCUPANCY s

NS s S

NP

S

AE 1
[-1%, 1-3, 14 1 NP
-2 2 NP
Rr* V| 1! f I NP
J 1
N

F2,82°U NP
B%, F-1, M, §-1

o=t | | ||| x

b | | wal| wa| wa| e

—| raf ra| ta| ta| r3|

COMMON BUILDING MATERIALS

e CONCRETE — NONCOMBUSTIBLE, HEAT RESISTANT

o CONSTITUENT PARTS (LARGE AGGREGATE, SMALL AGGREGATE, PORTLAND CEMENT, WATER, AIR,
ADMIXTURES)

« DENSITY 110 PCF -145 PCF

 REINFORCEMENT - STEEL
¢ MASONRY — NONCOMBUSTIBLE, HEAT RESISTANT
* WROUGHT IRON — NONCOMBUSTIBLE

o MELTING TEMP - 2800°F
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COMMON BUILDING MATERIALS

o CAST IRON — NONCOMBUSTIBLE
e MELTING TEMP - 2800°F
o STEEL — NONCOMBUSTIBLE
e MELTING TEMP - 2500°F
e AT 600°F COLD-DRAWN STEEL LOSES 35 PERCENT OF ITS STRENGTH
e 300°F IT GETS 15 PERCENT STRONGER
e 1,000°F IT LOSES 50 PERCENT OF ITS STRENGTH
e 1,200°F -1,500°F IT WILL NOT SUPPORT [TSELF
» WOOD — COMBUSTIBLE
e KNOWN BURRING CHARACTERISTICS, 2" TO 1" IN/HR

PYROLYSIS: THE BREAKDOWN OF FUELS SUCH AS, WOOD AND FOAM PLASTICS, INTO THEIR
BASIC COMPOUND WHEN SUBJECTED TO HEAT. FUELS WILL CONTINUE TO OFF-GAS (PRODUCE
PYROLYSATE) AND ADD TO THE FLAMMABLE FUEL LOAD WITHIN THE COMPARTMENT AS LONG
AS THE MATERIAL IS SUBJECTED TO ELEVATED TEMPERATURES.

VAPORIZATION: CONVERSION OF A SUBSTANCE FROM THE LIQUID OR SOLID PHASE INTO
THE GASEOUS (VAPOUR) PHASE
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Heat (Energy) Release

Fuel
Controlled
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Potential Heat Release

Less Ventilation = Lower Heat Release

# L)
oy
Ty ) Pl
Ventilation >
Controlled

Fuel
Controlled

e A

FIRE IS PRESSURE

Ash
Char

Pyrolysis zone

Unburned
wood

PYROLYSIS, GASIFICATION and COMBUSTION
ina FLAMING MATCH

At dilttusice in
ﬂlllrml

\
\ - Combustion products
(\
\ _ Luminous burning gases

\\( Pyrolysis gas
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FIRE IS PRESSURE

FIRE IS PRESSURE
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HEAT TRANSFER

e CONDUCTION: THE TRANSFER OF HEAT FROM THE DIRECT CONTACT OF A SOLID OF
HIGHER TEMPERATURE TO A SOLID OF LOWER TEMPERATURE

CONVECTION: THE TRANSFER OF HEAT THROUGH THE MOVEMENT OF HOT SMOKE AND
GASES TO SOLID SURFACES OF LOWER TEMPERATURE

RADIATION: THE TRANSMISSION OF HEAT ENERGY BY ELECTROMAGNETIC WAVES THROUGH
THE SPACE BETWEEN A BODY AT A HIGHER TEMPERATURE TO A BODY AT A LOWER
TEMPERATURE

HEAT TRANSFER Conduction

Convection

Radiation

11
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Comparison of Room Furnishings

Legacy Room Modern Room
e FT

CARBON MONOXIDE

o FLAMMABLE GAS
e LEL=12.5% UEL =74.2%
e AUTO IGNITION TEMPERATURE = 1121°F
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ASTM ET192/UL 263 - STANDARD TEST METHODS FOR

FIRE TESTS OF BUILDING CONSTRUCTION AND
MATERIALS

ASTM E119/UL 263

F
o
=]
o

Temperature, deg

@
E=1
=

e
3

o CALIBRATED TIME-TEMPERATURE TEST

=

2 4 6
Time, h
FIG. 1 Time-Temperature Curve
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ASTM ET119/UL 263

HOSE STREAM TEST (ASTM E2224)

LESS THAN T HR NO TEST REQUIRED TABLE 1 Water Pressure and Duration for Hose Stream

Duration of

2ND SPECIMEN BURNED TO Y2 RATED TIME RebnanPill  heiparaa Jeseetnis
(kPa) min100 1 (% m7)

BUT NOT GREATER THAN 1 HR axpaaad arsa

@ h and over

4 1 and over i less than 8 h

2 hand over # less than 4 h

1% h and over if kess than 2 h

1 hand over i less than 1% h 30 (207)
Less than 1 b, if desined 30 (207)

ASTM E119/UL 263

e SPECIMEN SHALL HAVE SUSTAINED THE APPLIED LOAD DURING THE FIRE-RESISTANCE TEST
WITHOUT PASSAGE OF FLAME OR GASES HOT ENOUGH TO IGNITE COTTON WASTE, FOR A
PERIOD EQUAL TO THAT FOR WHICH CLASSIFICATION IS DESIRED.

9/27/2022
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ASTM ET119/UL 263

SPECIMEN SHALL HAVE SUSTAINED THE APPLIED LOAD DURING THE FIRE AND HOSE STREAM TEST
AS SPECIFIED WITHOUT PASSAGE OF FLAME, OF GASES HOT ENOUGH TO IGNITE COTTON
WASTE, OR WITH THE PASSAGE OF WATER OF FROM THE HOSE STREAM. THE TEST SPECIMEN
SHALL BE CONSIDERED TO HAVE FAILED THE HOSE STREAM TEST IF AN OPENING DEVELOPS THAT
PERMITS A PROJECTION OF WATER FROM THE STREAM BEYOND THE UNEXPOSED SURFACE
DURING THE TIME OF THE HOSE STREAM TEST.

ASTM E119/UL 263

e TRANSMISSION OF HEAT THROUGH THE WALL OR PARTITION DURING THE FIRE-RESISTANCE TEST
SHALL NOT RAISE THE TEMPERATURE ON ITS UNEXPOSED SURFACE MORE THAN 250°F (139°C)
ABOVE ITS INITIAL TEMPERATURE.
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EXPANSION

STEEL 11 X 104 IN/IN/°F
COPPER 16 x 10°¢IN/IN/°F
CONCRETE 13.5 X 10°¢IN/IN/°F
ALUMINUM 22 X 106 IN/IN/°F
PLasTics 40-120 x 104 IN/IN/°F
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30 FT LONG W12X26 STEEL BEAM IN A FIRE
AT =1200°F —70°F =1130°F

30 ft (12%) — 360in

~ P(360in)
in, (7.65in°)(29x10° psi )
[llX].OG O—I':nJ(BGOln)(llBO"F) =4.47in P= 2, 755’ 000lbs

lbs
[1.32in /1000°F /10 ft] |319,000155/ . |

GYPSUM

17
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ENERGY

BTU'S TO HEAT 1LB OF WATER FROM 32 DEGREES FAHRENHEIT TO 212 DEGREES FAHRENHEIT
=180 BTU's

BTU’S TO HEAT 1 LB OF WATER FROM 212 DEGREES FAHRENHEIT TO STEAM = 970 BTU'S

CALCINATION

e CALCINATION IS THE PRACTICE OF DEHYDRATING GYPSUM INTO PLASTER OR STUCCO
THROUGH A BATCH OR CONTINUOUS PROCESS WHICH INCLUDES HEATING THE GYPSUM TO
EVAPORATE THE CRYSTALLINE WATER.




DRYWALL MOISTURE

e 5-12 PERCENT IS NORMAL
e LESS THAN 17 PERCENT IS ACCEPTABLE
e 5/8 THICK 4" X 8" SHEET = 70 LBS (8.4 LBS OR 1 GALLON)

PLASTER

9/27/2022
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WOOD LATH

Plaster Plaster
Base Coat Second Coat
Timber Studs .
{true 2 by 4)

Plaster —
Keys =
Wood
Laths

Plaster
Top Coat

EXPANDED METAL LATH

9/27/2022
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WALL BOARD
DRYWALL

DRYWALL THICKNESS

3/8 INCH

1/2 INCH

FIRE RESISTANCE

21
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COMPARTMENTALIZATION

¢ PRACTICE OF DIVIDING LARGE AREAS OF A BUILDING INTO SMALLER ROOMS OR SPACES

e SLOW/CONTROL THE SPREAD OF FIRE

INSENENIM PN @=

* MEMBRANE
o ENCASEMENT
e INTUMESCENT COATINGS




Steel column individually
protected

/— Fire-resistance-rated wall assembly

MEMBRANE PROTECTION

PROTECT MULTIPLE MEMBERS
AT THE SAME TIME

CEILING/FLOOR SYSTEMS
WALL SYSTEMS

DETAILS MATTER

Individual encasement
protection

9/27/2022
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ENCASEMENT

CONCRETE
MASONRY
DRYWALL/GYPSUM BOARD
FLEXIBLE BLANKET
SPRAYED FIRE-RESISTIVE MATERIALS
e ISSUES

e BOND STRENGTH

e DENSITY

e THICKNESS
o ASBESTOS
*  MINERAL-FIBER-BASED
o  CEMENTITIOUS

INTUMESCENT COATINGS

e EPOXY-BASED PAINT LIKE MIXTURES
¢ EXPAND WHEN EXPOSED TO HEAT

e THICKNESS IS CRITICAL

- steel 1- steel
- primer 2 - insulating char
- intumescent coating

top coat

24
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FIRE RESISTANCE OF
BUILDING MATERIALS

FIRE RESISTANCE RATING

e PLASTER
e PRESCRIPTIVE
. IBC
e GYPSUM HANDBOOK
« UL
» DECK HANDBOOK

e CALCULATED




PLASTER

IBC PLASTER

719.1 THICKNESS OF PLASTER. THE MINIMUM THICKNESS OF GYPSUM PLASTER OR PORTLAND
CEMENT PLASTER USED IN A FIRE-RESISTANCE- RATED SYSTEM SHALL BE DETERMINED BY THE
PRESCRIBED FIRE TESTS. THE PLASTER THICKNESS SHALL BE MEASURED FROM THE FACE OF THE
LATH WHERE APPLIED TO GYPSUM LATH OR METAL LATH.

719.2 PLASTER EQUIVALENTS. FOR FIRE-RESISTANCE PURPOSES, Y2 INCH {12.7 MM) OF
UNSANDED GYPSUM PLASTER SHALL BE DEEMED EQUIVALENT TO 3/4 INCH {19.1 MM) OF
ONE-TO-THREE GYPSUM SAND PLASTER OR 1 INCH {25 MM) OF PORTLAND CEMENT SAND
PLASTER.

719.3 NONCOMBUSTIBLE FURRING. IN BUILDINGS OF TYPE | AND Il CONSTRUCTION, PLASTER
SHALL BE APPLIED DIRECTLY ON CONCRETE OR MASONRY OR ON APPROVED
NONCOMBUSTIBLE PLASTERING BASE AND FURRING.

9/27/2022
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IBC PLASTER

719.5 PLASTER ALTERNATIVES FOR CONCRETE. IN REINFORCED CONCRETE CONSTRUCTION,
GYPSUM PLASTER OR PORTLAND CEMENT PLASTER IS PERMITTED TO BE SUBSTITUTED FOR 1/2
INCH (12.7 MM) OF THE REQUIRED POURED CONCRETE PROTECTION, EXCEPT THAT A
MINIMUM THICKNESS OF 3/8 INCH (9.5 MM) OF POURED CONCRETE SHALL BE PROVIDED IN
REINFORCED CONCRETE FLOORS AND 1 INCH {25 MM) IN REINFORCED CONCRETE COLUMNS
IN' ADDITION TO THE PLASTER FINISH. THE CONCRETE BASE SHALL BE PREPARED IN
ACCORDANCE WITH SECTION 2510.7.

1011.5.3 FIRE BARRIERS. WHERE A CHANGE OF OCCUPANCY CLASSIFICATION IS MADE TO A
HIGHER-HAZARD CATEGORY AS SHOWN IN TABLE 1011.5, FIRE BARRIERS IN SEPARATED MIXED
USE BUILDINGS SHALL COMPLY WITH THE FIRE-RESISTANCE REQUIREMENTS OF THE
INTERNATIONAL BUILDING CODE.

e EXCEPTION: WHERE THE FIRE BARRIERS ARE REQUIRED TO HAVE A 1-HOUR FIRE-RESISTANCE RATING,
EXISTING WOOD LATH AND PLASTER IN GOOD CONDITION OR EXISTING 1/2-INCH-THICK (12.7 MM)
GYPSUM WALLBOARD SHALL BE PERMITTED.
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PRESCRIPTIVE

]

[——
straps. Third layer attached to comer bead with 17 long gypsum wallboard screws
spaced 12" on center.

Thee layers of °," Type X gypsum wallboard,® each layer screw attached to 1%,
steel studs 0.018" thick (No. 25 carbon sheet steel zage) at each corer of column.
all of primary Middle layer also secured with 0.049" (No. 18 B W zage) double-strand steel wire
trusses ies, 24" on center. Screws are No. 6 by 1" spaced 24" on center for inner layer, No.
(contmued) 6y 1%," zpacad 12" on center for middle layer and No. § by 2

center for outer laver.

Wood-fibered gypsum plaster mixed 1:1 by weight gypsum-to-sand agzregate
applied over metal lath Lath lapped 1" and tied 6" on center at all end. edges and

28



TADLE 734 t2—continusd
CE PERIODS FOR VARSOUS WALLS AND PARTITIONS *45

THICKAESS

T3

blued nails, 5" on center Plaster mixsd 1-2 by weight, gypsum to sand ageregate

FIRE RATED ASSEMBLY

0.018" (Mo. 25 carbon sheet steel zage) channel-shaped studs 24" on center with
one full-length layer of */," Type X gypsum wallboard® applied vertically attached
with 1"-long No. 6 dry wall serews to each stud. Serews are 8" on center around the
penmeter and 12" on center on the intermediate stud. Where applied horizontally,
the Type X gypsum wallboard shall be sttached to 3%, studs and the horizontzl
joints shall be stazgzered with those on the opposite side. Screws for the honzontal
application chall be 8" on center at vertical adges and 12" on center at intermediate
studs.

Two-Hour Assembly (Plan View)

9/27/2022
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2-hr. Rating T B
UL Design U301
ULC Design U301 (similar)

GY PS U M Drywall System
H A N D BOO K Studs: Wood 38 x 89 mm (2"x4") (nom.).

Stud spacing: 400 mm (16") o.c.

152 mm (6")

Gypsum panel: Two layers of 15.9 mm (5/8") SHeetrock Brand
Gypsum Panel, Frecooe Core, or 15.9 mm (5/8")
SHeetrack Brand Gypsum Panel, Water Resistant,
Firecone Core, each side.

Panel orientation:  Horizontal or vertical—joints of face layer stag-
gered over joints of base layer.

Attachment: Base layer—48 mm (1-7/8") cement-coated nails
spaced 150 mm (6”) o.c. Face layer—60 mm
(2-3/8") nails 200 mm (8") o.c.

Joints: Exposed or taped and treated.

Perimeter: May be caulked with Acoustical Sealant

Steel Frame 1-hr. Rating
Partitions UL Design U419
ULC Design W407 (similar)

GY P S U M Drywall System
HAN DBOOK Studs: Steel 92 mm (3-5/8") x 0.5 mm (25-ga.) (min.).

Stud spacing: 600 mm (24") o.c.

124 mm (47"

Gypsum panel: 15.9 mm (5/8") Sxeerrock Brand Gypsum Panel,
Firecone Core, or 15.9 mm (5/8") SHEETROCK
Brand Gypsum Panel, Water Resistant, FIRecope
Core, each side.

Panel orientation:  Vertical or horizontal.

Attachment: Type S screws 200 mm (8") o.c.

Joints: Taped and treated.

Insulation: THeErmAFIBER SAFB (Optional).

Perimeter: May be caulked with Acoustical Sealant.

30
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Veneer Plaster System

GYPSUM Studs: Steel 92 mm (3-5/8") x 0.5 mm (25-ga) (min.).
H AN D BOO K Stud spacing: 600 mm (24") o.c.

Gypsum panel: 15.9 mm (5/8") Granp Prix Brand Plaster Base
Firecooe Core, each side.

Panel orientation:  Vertical or horizontal.

Attachment: Type S screws 200 mm (8") o.c.

Joints: Taped (paper) and treated.

Finish: 2.4 mm (3/32") Diavonp Brand or IMPERIAL Brand
Plaster finish both sides.

Insulation: Thermareer SAFB (Optional).

Perimeter: May be caulked with Acoustical Sealant.

Wood Floor/ 1-hr. Rating
Ceilings UL Design L501 or L512
ULC Design L512 (similar)

GY PS U M Drywall System g;g m ﬂ%j‘g
HANDBOOK

Floor: 25 mm (1”) nom. wood sub and finished floor.
Joists: Wood 38 x 235 mm (2"x10") (nom.) cross
bridged with 19 x 64 mm (1”x3") lumber.

Joist spacing: 400 mm (16") o.c.

Gypsum panel: 15.9 mm (5/8") Skeerrock Brand Gypsum Panel,
Firecaone Core (L501), or 12.7 mm (1/2") SHeETROCK
Brand Gypsum Panel, Frecope C Core (L512).

Panel orientation:  Perpendicular to joists.

Attachment: 48 mm (1-7/8") cement-coated nails spaced
150 mm (6”) o.c.

Joints: Taped and ftreated.

31



GYPSUM
HANDBOOK

UL DIRECTORY

Stee”:kmr;

Ceilings

SH-P1-05

UL Design G512
Drywall System

Floor:

64 mm (2-1/2") concrete on corrugated steel
deck or riblath over bar joist—includes 3-hr.
unrestrained beam.

Joists:

Type 12J2 min. size, spaced 600 mm (24") o.c.
(riblath); Type 16J2 min. size, spaced 600 mm
(24") o.c. (corrugated steel deck).

Furring channel:

0.5 mm (25-ga.) spaced 600 mm (24") o.c.
perpendicular to joists; 76 mm (3") on each side of
wallboard end joints—double-strand saddle tied.

Gypsum panel:

15.9 mm (5/8") SxeeTrock Brand Gypsum Panel,
Firecone C Core.

Panel orientation:

Perpendicular to furring.

Attachment:

25 mm (1") Tyee S screws 300 mm (12") o.c.

Joints:

UL DESIGN NO, U413

FIRE RATHNG
5TC

SOUND TEST
SYSTEM THCKNESS:

End joints backed with wallboard strips and
attached to double channels.

4
1408 rren]

ASSEMELY OPTIONS:

GYPAUM BOARD: OME LAYER 58" THCK GYPSUM BOARD {LL TYPE ULI™)

STEEL 8TUDS:
INEULATION.

GYPSUM BOARD:

9/27/2022
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VULCRAFT® ROOF DECK
UL FIRE RATED ASSEMBLIES LISTED

USE UL RECOGNIZED VULCRAFT ROOF DECKS FOR YOUR FIRE RATED

D EC K ASSEMBLIES

M A N U ‘\ L = Vulcraft steel decks may be used in assemblies which are required to meet hourly fire
ratings. Approved hourly fire rated assemblies are a combination of spe

proprietary materials as listed in UL fire resistance ratings.

/ Insulation

Vulcraft Steel Deck

Fire Protection

\ Fire Protection

~ T Deck Support

-

|

REPRESENTATIVE FIRE RATED ASSEMBLY

Refer to the tabis on the following pages for a listing of UL fire-rated assembiies utilzing Vuloraft stesl deck
profiles. Refer to the particulsr UL assembly being considesed for full details of construction, including specific
information about fill ar fireproofing thicknesses and span limiations.

UL Fire Resistance Ratings (continued)
Restrained Deck Type Restrainea Deck Type
Unrestrained Assembly Unrestrained
Type of Type of ULDesign 327 24 Beam Rating Ratings Type of Typeof UL Design 2 Beam Rating
Protection Insulation No. 3N 3N 2.0D 3.5D mry {hr) Protection Insulation Mo. 2.0D 35D ihr)
P21+ Paot*
P14+ Sprayed Fiber  Figid Insulation  P815*

P225+
Figid Insulation pa02

PROT

MANUAL Y

Unprotected |0
i Insulating Fill

Exposed Grid

Gypsum Board  Rigid Insulation

D AR NN

SO RN RN RN R E Y

Cementitious  Rigid Insulation
Exposed Grid  Figid Insulation
Sprayed Fiber  Fogid Insultion Metallath  Rigid Insulation

Gypsum Board  Figid Insulation

Cementitious  Figid Insulation

Sprayed Fiber  Figid Insulation

Unprotected
D

Insulating Fill

Unprotacted .
- Insulating Fill

RN RN RN RN RN

Exposed Grid  Rigid Insulation

MetalLsth  Rigid Insulation
Gypsum Board  Rigid Insulation

PTO1*

Cementitious ~ Rigid Insulation ~ PT41*

PTAT"

FULCRAFT UL ROOF | SEFTEMBER 2020 NUCOR

33



USE UL RECOGNIZED COMPOSITE AND NON-COMPOSITE DECKS FOR YOUR
FIRE RATED ASSEMBLIES WITH STRUCTURAL CONCRETE FILL
= Vulcraft composite and non-composite slabs may be used to meet hourly fire ratings.

The type and thi of specified will ine whether firep
ing will be reguired on the ide of the ite or ite deck.
M A N U A |_ Goncrete Topping - Conarsta Reinforoemant
" _If Required

Muicraft Steel Deck / Deck Fire Protection

Dack Cannaction to Support
{In accordance with assambiy) A

Concreta Topping

Thickness .~ \iulcraft Steel Dack

) ) _—Deck Support
Deck Suppart Fire Pratection =

REPRESENTATIVE FIRE RATED ASSEMELY

The table on the folowing pass Fsts the UL fire rated assamiblies thet include Vuicratt composite and non-
composite decks proflies. THis summary tabie |5 provided o assist In Identfication of ssemblles o mest
‘specilc projct requiraments. Reter to the particular UL sssemisty for full detalls of construction Including, speciic
nformation about concrete siab, framing, type of e protection, deck types &nd span Imitations.

UL Fire Resistance Ratings

Restrained Deck Typa
Assembly Unrestrained

Ratings Type of Concrete UL Design Beam Rating
D E ( K nr) Protection  Thickness&Type Mo, 1.6VL2VL 3VL 1.5VLP ZVLP OVLP ihr)
- DHaE ¥ ¥ ¥
% Unprotectsd

207 LW
MA N U AL Exposed Grid W D216+ ¥
2 NW & LW

Deck DHEE ¥ v
Cementitious

217 NW & LW

2"NW A LW

SPrayed FRRr o & LW

21" LW

Unpratectsd
Dack

Gypsum Board
2" NW & LW

Cementitious
Yo" NW & LW
v
v 1. 3
¥ 45w any (continued on next page)

9/27/2022
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UL Fire Resistance Ratings (continued)

Restralned Deck Type
Assembly Unrestrained

Ratings. Type of Concrete UL Design Heam Rating
D E ( K wr} Frofection  Thichness&Type  No.  1.5VL 2VL 3VL 1SVLP 2VLP 3VLP ihr)
"NWELW  DBES* v v 1.1%,2,3
DB32* 11%.2,3

MANUAL SprpaFoor s
DBES * 1,1%2.3.4

DB7i *

D902 #

3w DaHe #

Unprotectsd Daia #
Deck D02 ¥
D6 ¥

DO #

Exposed Grid i D246 +
Gypsum Board v D502 +
2" NW & LW D743~

D746 *

D7E2*

21" LW

Cementitious
2957 NW & LW

1,1%.2,3
1,1%:2.3.4

v 1,1%
Vs ony (continued on next page)

UL Fire Resistance Ratings
Restrained
Assembly
Ratings Type of Concrete UL Design
e} Protaction  Thickness & Type No.

Exposed Grid 215" NW G256 +
GTH

D EC K Cemenitious 215" NW & LW e

Sprayed Fiber 234" NW & LW Ga

2" NW G229 +
MANUAL cem
Exposed Grid

21" NW G243 +
G213 +
Gypsum Board 2" NW & LW G502 +
G701
GT05
Sprayed Fiber 234" NW & LW Ga
G227 +
G228 +
G229 +
G243 +
G256 +
G213 +
2" NW GBS +
215" NW & LW G529 +
G514 +
G523 +
GTH
GT0S
Sprayed Fiber 234" NW & LW G801
34" NW G229 +
Exposed Grid . GH3 +
3" NW
G256 +
Gypsum Board 315" NW & LW G529 +
GTH
G705
Sprayed Fiber  2%" NW & LW 8

g
8

Cementitious 215" NW & LW

Exposed Grid

Gypsum Board
21" NW

Cementitious 215" NW & LW

Cementitious 237 NW & LW

N R N B R P N P P P P Y PN PR PR P P P PR P
N N R R N S e N SRS SN

35



FIREWALL SYSTEM

—— AERCON FIRE SEPARATION WALL—

ALUMINUM ANGLE
MELT-AWAY CLIP (optional)

Design No. U919 (4hr rating)
BXUV.US19
Fire Resistance Ratings - ANSIJUL 263

_ 4"x 8%x24" or

4"x24"x24"
AERCON BLOCK

THIN BED MORTAR pom: B e
AT ALL JOINTS oA R

COURSE THREAD DECK
SCREW (2 PER AMGLE) (optional)

R-11 FIBERGLASS

~ INSULATION (optional;

5/8" FIRESHIELD

~ GYPSUM BOARD [optional)

ALUMINUM ANGLE

MELT-AWAY CLIP (optional)
LATERALLY ATTACHES

TO AAC AND WHICH

ALLOWS STUD WALL TO

BREAK AWAY ON ENGAGED

UNIT SIDE IN THE EVENT OF A FIRE

CALCULATED

9/27/2022
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OTHER STANDARDS

o ACI216.1/TMS 0216
« ASCE 29
o AWC NDS CHAPTER 16

CONCRETE TABLE 722.2.1.1

MINIMUM EQUIVALENT THICKNESS OF
CAST-IN-PLACE OR PRECAST CONCRETE WALLS,
LOAD-BEARING OR NONLOAD-BEARING

MINIMUM SLAB THICKNESS (inches)

C°¥\E§EETE FOR FIRE-RESISTANCE RATING OF

1hour [1'/,hours| 2hours | 3 hours | 4 hours
Siliceous 5 4.3 50 6.2 7.0
Carbonate . 4.0 4.6 5.7 6.6
Sand-lightweight . 33 38 4.6 54
Lightweight . 3.1 3.6 44 5.1
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PRECAST CONCRETE

e 722.2.1.1.1 HOLLOW-CORE PRECAST WALL PANELS. FOR HOLLOW-CORE PRECAST CONCRETE WALL PANELS IN
WHICH THE CORES ARE OF CONSTANT CROSS SECTION THROUGHOUT THE LENGTH, CALCULATION OF THE
EQUIVALENT THICKNESS BY DIVIDING THE NET CROSS-SECTIONAL AREA ({THE GROSS CROSS SECTION MINUS THE
AREA OF THE CORES) OF THE PANEL BY ITS WIDTH SHALL BE PERMITTED

722.2.1.1.2 CORE SPACES FILLED. WHERE ALL OF THE CORE SPACES OF HOLLOW-CORE WALL PANELS ARE
FILLED WITH LOOSE-FILL MATERIAL, SUCH AS EXPANDED SHALE, CLAY OR SLAG, OR VERMICULITE OR PERLITE, THE
FIRE-RESISTANCE RATING OF THE WALL IS THE SAME AS THAT OF A SOLID WALL OF THE SAME CONCRETE TYPE
AND OF THE SAME OVERALL THICKNESS.

722.2.1.1.3 TAPERED CROSS SECTIONS. THE THICKNESS OF PANELS WITH TAPERED CROSS SECTIONS SHALL BE
THAT DETERMINED AT A DISTANCE 2T OR 4 INCHES (152 MM), WHICHEVER IS LESS, FROM THE POINT OF
MINIMUM THICKNESS, WHERE T 1S THE MINIMUM THICKNESS.

722.2.1.1.4 Ribbed or undulating surfaces. The
equivalent thickness of panels with ribbed or undu-
lating surfaces shall be determined by one of the fol-

PRECAST CONCRETE lowing expressions:

For 5 = 4¢, the thickness to be used shall be ¢

For s = 2¢, the thickness to be used shall be 7,

For 47 > s > 2, the thickness to be used shall be

1+ ir 1) t,—1) (Equation 7-3)
s JUg

where:
= Spacing of ribs or undulations.
Minimum thickness.

Equivalent thickness of the panel calculated as
the net cross-sectional area of the panel divided
by the width, in which the maximum thickness
used in the calculation shall not exceed 21.

9/27/2022
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M U LTlWYTH E CO N C R ETE 722.2.1.2.1 Two or more wythes. The fire-resis-

tance rating for wall panels consisting of two or
more wythes shall be permitted to be determined by

the formula:
722.2.1.2.2 Foam plastic insulation. The fire-resis-

tance ratings of precast concrete wall panels con- R=(R"+R" +---+Rn[]'39)l'?l (Equation 7-4)
sisting of a layer of foam plastic insulation

sandwiched between two wythes of concrete shall

be permitted to be determined by use of Equation 7-

4. Foam plastic insulation with a total thickness of

less than 1 inch (25 mm) shall be disregarded. The

R, value for thickness of foam plastic insulation of 1

inch (25 mm) or greater, for use in|the calculation, is

5 minutes; therefore R,"* = 2.5.

MULTIWYTHE CONCRETE

TABLE 722.2.1.2(1)
VALUES OF R,%* FOR USE IN EQUATION 7-4

THICKNESS OF MATERIAL (inches)
2, 3', 4 4", 5

Siliceous aggregate concrete . . 8.1 . 11.3 13.0 14.9 16.9

TYPE OF MATERIAL

Carbonate aggregate concrete | 5. . 8.9 12. 14.0 16.2 18.1
5

Sand-lightweight concrete . . 10.5 : 15. 18.1 207 233

Lightweight concrete . . 11.2 . 19.1 219

Insulating concrete® . 16.6 . 26.5° | Notec

Airspace” — — —
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MULTIWYTHE CONCRETE

TABLE 722.2.1.2(2)
FIRE-RESISTANCE RATINGS BASED ON R°®

R®, MINUTES
60
120
180
240

MULTIWYTHE CONCRETE

o CONCRETE SANDWICH PANEL - 4" CONCRETE, 2" RIGID FOAM, 2.5" CONCRETE
e ROS7=130+25+8.1=23.6>21.41 (3HOUR) < 25.37 (4 HOUR)
e R 216 MIN OR 3.6 HRS
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1-INCH JOINT WIDTH

\
. Y

A NP
P 7\\ A
*, \\6'.‘ A

PRECAST JOINTS TN

1 INCH MAXIMUM REGARDLESH
OF OPENING RATING

CERAMIC FIBER
LANKET

hr.

8

| THICKNESS |

4 5 6 7
PANEL THICKNESS, INCHES

/8 INCH WIDTH

. 3hr~ 2hr

I722.2.1‘3 Joints between precast wall panels. Joints \(
il

WIDTH

CARBONATE OR
—— SILICEOUS AGGREGATE
CONCRETE

between precast concrete wall panels that are not insu-
lated as required by this section shall be considered as 2 Ny [N,
openings in walls. Uninsulated joints shall be included in < 1 '
determining the percentage of openings permitted by
Table 705.8. Where openings are not permitted or are
required by this code to be protected, the provisions of
this section shall be used to determine the amount of joint
insulation required. Insulated joints shall not be consid-
ered openings for purposes of determining compliance
with the allowable percentage of openings in Table 705.8.

SAND-LIGHTWEIGHT
—--—-  ORLUGHTWEIGHT
CONCRETE

“C" THICKNESS OF CERAMIC BLANKET, INCHES

4 5 6 7 8
PANEL THICKNESS, INCHES

TABLE 722.2.1.4(2)
TIME ASSIGNED TO FINISH MATERIALS
OMN FIRE-EXPOSED SIDE OF WALL
FINISH DESCRIPTION TIME {minutes)

CONCRETE & GYP BOARD [

I,inch 15
¥, inch 20

2 layers of Y, inch 25
35
40

1 layer of Yyinch, 1 layer of '/, inch
2 layers of 'fyinch

Type X gypsum wallboard
', inch 25
*f, inch 40

Portland cement-sand plaster applied dircctly
o concrele masonry

ce Nole a

Portland cement-sand plaster on metal lath
fyinch
fyinch
1 inch

Gypsum sand plaster on “fi-inch gypsum lath
fyinch
“Iinch
fyinch
Gypsum sand plaster on metal lath
fyinch
Y, inch
1 inch
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CONCRETE & GYP BOARD

e 722.2.1.4.1 NONFIRE-EXPOSED SIDE. WHERE THE FINISH OF GYPSUM WALLBOARD OR
PLASTER IS APPLIED TO THE SIDE OF THE WALL NOT EXPOSED TO FIRE, THE CONTRIBUTION OF THE
FINISH TO THE TOTAL FIRE-RESISTANCE RATING SHALL BE DETERMINED AS FOLLOWS: THE
THICKNESS OF THE FINISH SHALL FIRST BE CORRECTED BY MULTIPLYING THE ACTUAL THICKNESS
OF THE FINISH BY THE APPLICABLE FACTOR DETERMINED FROM TABLE 722.2.1.4(1) BASED ON
THE TYPE OF AGGREGATE IN THE CONCRETE. THE CORRECTED THICKNESS OF FINISH SHALL THEN
BE ADDED TO THE ACTUAL OR EQUIVALENT THICKNESS OF CONCRETE AND FIRE-RESISTANCE
RATING OF THE CONCRETE AND FINISH DETERMINED FROM TABLES 722.2.1.1 AND
722.2.1.2(1) AND FIGURE 722.2.1.2.

CONCRETE & GYP BOARD

TABLE 722.2.1.4(1)
MULTIPLYING FACTOR FOR FINISHES ON NONFIRE-EXPOSED SIDE OF WALL

TYPE OF AGGREGATE USED IN CONCRETE OR CONCRETE MASONRY

TYPE OF FINISH APPLIED Concrete: siliceous Concrete: sand-lightweight | Concrete: lightweight Concrete | Concrete Masonry:
TO CONCRETE OR CONGRETE or carbonate Concrete Masonry: clay tlle; | Masonry: concrete masonry concrete masonry
MASONRY WALL Concrete Masonry: hollow clay brick; concrete units of expanded shale, units of expanded
siliceous or carbonate; | masonry units of expanded | expanded clay, expanded slag, | slag. expanded clay,
solid clay brick shale and < 20% sand or pumice < 20% sand or pumice

Portland cement-sand plaster 1.00 0.75* 0.75* 0.50*
Gypsum-sand plaster 1.25 1.00 1.00 1.00

Gypsum-vermiculite or perlite plaster L.75 1.50 1.25 1.25

Gypsum wallboard 3.00 2.25 225 2.25
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CONCRETE & GYP BOARD

722.2.1.4.2 FIRE-EXPOSED SIDE. WHERE GYPSUM WALLBOARD OR PLASTER IS APPLIED TO THE
FIRE-EXPOSED SIDE OF THE WALL, THE CONTRIBUTION OF THE FINISH TO THE TOTAL
FIRERESISTANCE RATING SHALL BE DETERMINED AS FOLLOWS: THE TIME ASSIGNED TO THE FINISH
AS ESTABLISHED BY TABLE 722.2.1.4(2) SHALL BE ADDED TO THE FIRE-RESISTANCE RATING
DETERMINED FROM TABLES 722.2.1.1 AND 722.2.1.2(1) AND FIGURE 722.2.1.2 FOR THE
CONCRETE ALONE, OR TO THE RATING DETERMINED IN SECTION 722.2.1.4.1 FOR THE
CONCRETE AND FINISH ON THE NONFIREEXPOSED SIDE.

CONCRETE & GYP BOARD

722.2.1.4.3 NONSYMMETRICAL ASSEMBLIES. FOR A WALL WITHOUT FINISH ON ONE SIDE
OR HAVING DIFFERENT TYPES OR THICKNESSES OF FINISH ON EACH SIDE, THE
CALCULATION PROCEDURES OF SECTIONS 722.2.1.4.1 AND 722.2.1.4.2 SHALL BE
PERFORMED TWICE, ASSUMING EITHER SIDE OF THE WALL TO BE THE FIRE-EXPOSED SIDE.
THE FIRE-RESISTANCE RATING OF THE WALL SHALL NOT EXCEED THE LOWER OF THE TWO
VALUES.

EXCEPTION: FOR AN EXTERIOR WALL WITH A FIRE SEPARATION DISTANCE GREATER THAN 5
FEET (1524 MM) THE FIRE SHALL BE ASSUMED TO OCCUR ON THE INTERIOR SIDE ONLY.

9/27/2022
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CONCRETE & FINISHES

e 722.2.1.4.4 MINIMUM CONCRETE FIRE-RESISTANCE RATING. WHERE FINISHES APPLIED TO ONE
OR BOTH SIDES OF A CONCRETE WALL CONTRIBUTE TO THE FIRE-RESISTANCE RATING, THE
CONCRETE ALONE SHALL PROVIDE NOT LESS THAN ONE HALF OF THE TOTAL REQUIRED FIRE-
RESISTANCE RATING. ADDITIONALLY, THE CONTRIBUTION TO THE FIRE RESISTANCE OF THE FINISH
ON THE NONFIRE-EXPOSED SIDE OF A LOADBEARING WALL SHALL NOT EXCEED ONE-HALF THE
CONTRIBUTION OF THE CONCRETE ALONE.

MULTIWYTHE CONCRETE W/ FINISH

CONCRETE SANDWICH PANEL - 4" CONCRETE, 2" RIGID FOAM, 2.5" CONCRETE, 5/8" Typ X
GYP BD FIRE SIDE

ROS7=130+25+8.1=23.6>21.41 (3 HOUR) < 25.37 (4 HOUR)
e R 216 MIN +40 MIN = 256 MIN OR 4.3 HRS




CONCRETE FLOORS

RIBBED CONCRETE

TABLE 722.2.2.1

MINIMUM SLAB THICKNESS (inches)

CONCRETE TYPE

FIRE-RESISTANCE RATING (hours)

171, 2 3

Siliceous

43 5 6.2

Carbonate

4.6 5.7

Sand-lightweight

3.8 4.6

Lightweight

44

722.2.2.1.1 Hollow-core prestressed slabs. For hol-
low-core prestressed concrete slabs in which the cores
are of constant cross section throughout the length,
the equivalent thickness shall be permitted to be
obtained by dividing the net cross-sectional area of
the slab including grout in the joints, by its width.

FOR $ > 4T, THE THICKNESS TO BE USED SHALL BE T
FOR S < 21, THE THICKNESS TO BE USED SHALL BE T¢

FOR 47> 5 > 27, THE THICKNESS TO BE USED SHALL BE:;

9/27/2022
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CELLULAR CONCRETE
¥ 4 CONCRETEs. -

0
o
=}

CONCRETE iR =enk=sn
ROOF SYSTEMS |

LAR

"t

[ I
2 4
THICKNESS OF CONCRETE BASE SLAB, INCHES

T
9 k= o dhr |
\\2h.'}hr.

THICKNESS OF CEL
ONCRETE OVERLAY,

[ PERLITE CONCRETE |
[ .57 4 concRETEa, < -~ ]

AND-LIGHTWEIGHT BASE

CARBONATE BASE SILICEOUS BASE
T T T T T

722.2.2.3.1 Heat transfer. For the transfer of heat,
three-ply built-up roofing contributes 10 minutes to
the fire-resistance rating. The fire-resistance rating
for concrete assemblies such as those shown in Fig-
ure 722.2.2.3(1) shall be increased by 10 minutes. [ VERMICULITE CONCRETE \
This increase is not applicable to those shown in [ 2% 7 a cONCRETEa, ¢ -~ ]|
Figure 722.2.2.3(2)

s
4
3
2
1

RETE OVERLAY, INCHES

THICKNESS OF PERLITE

ON

THICKNESS OF CONCRETE BASE SLAB, INCHES

CARBONATE BASE SILICEOUS BASE AND-LIGHTWEIGHT BASE
I T T T

UUTE

ONCRETE OVERLAY, INCHES

~ an |

L3
2hr,

[ 1hr.

1 |
0 2 4

THICKNESS OF CONCRETE BASE SLAB, INCHES

Z
o]
=
w
=]
]
1
w
z
2
s}
=

#— STANDARD 3-PLY
/ BUILT-UP ROOFING

MINERAL BOARD V
4 CONCRETE4.,# .

CONCRETE
ROOF SYSTEMS

CARBONATE BASE SILICEOUS BASE  SAND-LIGHTWEIGHT BASE
T

= 4hr
N,
L 2hr.,
Sthr.
™
7 3

KNESS OF

THIC
MINERAL BOARD, INCHES

THICKNESS OF CONCRETE BASE SLAB, INCHES

— STANDARD 3-PLY
/ BUILT-UP ROOFING
il / ELASS FIBER BOARD, ]

447 4 cp 4. . ’
3% 77 4 CONCRETEA., 1

CHES

CARBONATE BASE SILICEOUS BASE ~ SAND-LIGHTWEIGHT BASE
T

3 |\\ T

A anr.
3hr.

2hr.

THICKNES S OF
GLASS FIBER BOARD, IN

THICKNESS OF CONCRETE BASE SLAB, INCHES
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CONCRETE COVER OVER REINFORCEMENT.

TABLE 722.2.3(1)
COVER THICKNESS FOR REINFORCED CONCRETE FLOOR OR ROOF SLABS (inches)

CONCRETE AGGREGATE TYPE

FIRE-RESISTANCE RATING (hours)

Restrained

Unrestrained

17,

Siliceous

Carbonate

Sand-lightweight or lightweight

CONCRETE COVER OVER REINFORCEMENT.

TABLE 722.2.3(2)
COVER THICKNESS FOR PRESTRESSED CONCRETE FLOOR OR ROOF SLABS (inches)

CONCRETE AGGREGATE TYPE

FIRE-RESISTANCE RATING (hours)

Restrained

Unrestrained

17,

2

Siliceous

1Y

Carbonate

1,

Sand-lightweight or lightweight

9/27/2022
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CONCRETE COVER OVER REINFORCEMENT.

TABLE 722.2.3(3)
MINIMUM COVER FOR MAIN REINFORCING BARS OF REINFORCED CONCRETE BEAMS®
(APPLICABLE TO ALL TYPES OF STRUCTURAL CONCRETE)

RESTRAINED OR BEAM FIRE-RESISTANCE RATING (hours)

UNRESTRAINED® WIDTH®(Inches) 7
1Y, 3

1‘,.4

Restrained s Y
3 Y,

Unrestrained ’ j‘/J
3 )

CONCRETE COVER OVER REINFORCEMENT.

TABLE 722.2.3(4)
MINIMUM COVER FOR PRESTRESSED CONCRETE BEAMS 8 INCHES OR GREATER IN WIDTH®

RESTRAINED OR CONCRETE BEAM WIDTH FIRE-RESISTANCE RATING (hours)

UNRESTRAINED* AGGREGATE TYPE (Inches) 3

Carbonate or siliceous g 2 13,‘41
Carbonate or siliceous ) 1l
Sand lightweight 1,
Sand lightweight

Restrained

Carbonate or siliceous
Carbonate or siliceous
Sand lightweight
Sand lightweight

Unrestrained

9/27/2022
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CONCRETE COLUMNS

TABLE722.2.4

MINIMUM DIMENSION OF CONCRETE COLUMNS (inches)

TYPES OF CONCRETE

FIRE-RESISTANCE RATING (hours)

1 17,

30

I

Siliceous

9

12

Carbonate

11

Sand-lightweight

8
8 9
8 | 8y,

CONCRETE MASONRY EQUIVALENT THICKNESS

T. = 1728A/LH

A = NET VOLUME IN CU FT

L = LENGTH IN INCHES

H = HEIGHT IN INCHES

A=C/D

C = DRY UNIT WEIGHT IN LBS

722.2.4.2 Minimum cover for R/C columns. The min-
imum thickness of concrete cover to the main longitu-
dinal reinforcement in columns, regardless of the type
of aggregate used in the concrete and the specified
compressive strength of concrete, /', shall be not less
than 1 inch (25 mm) times the number of hours of
required fire resistance or 2 inches (51 mm), whichever
is less.

D = DENSITY IN POUNDS PER CUBIC FEET

9/27/2022

49



9/27/2022

EXAMPLE

o DRY UNIT WEIGHT 44 LBS, DENSITY 135 PCF
o A =44185/135rPCF = 0.326 CU FT
o Te=(1728IN3/F13)(0.326 F13 ) /{15.625")(7.625")=4.73"

CONCRETE MASONRY

Nominal Specified Equivalent thickness Net concrete volume

dimensions thickness (inches) (cubic feet)
(inches) (inches) Minimum Typical Minimum Typical

4x8x16 3.63 191 2.36 0.132 0161
6x8x16 5.63 2.66 276 0.183 0.190
8xBx16 1.63 in 397 0.235 0.274
10x8x16 9.63 4.16 5.00 0.287 0.345
12x8x16 11.63 49 5.7 0.339 0.393
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CONCRETE MASONRY UNITS

TABLE 722.3.2
MINIMUM EQUIVALENT THICKNESS (inches) OF BEARING OR NONBEARING CONCRETE MASONRY WALLS*" >4

FIRE-RESISTANCE RATING (hours)
W, 1 1, | 1 | 1Y, 2 2, | 24, | 29, 3 3, | 3%,
Pumice or expanded slag L5 . 2.1 [ 2527 |30 | 32|34 36| 38|40 . 44 | 45
Expanded shale. clay or slate 1.8 . 29| 33| 34| 36 | 38 | 40 | 42 | 44 . 4.8 | 49
Limestone, cinders or unexpanded slag| 1.9 3127 | 3.1 3437|4043 | 45|48 |50 . 55 | 5.7
Calcareous or siliceous gravel 2.0 £ 28 | 32| 36 | 39 | 42 | 45| 48 | 5.0 | 53 S5 | 5.8 | 6.0

TYPE OF AGGREGATE

CONCRETE MASONRY

e 722.3.1.2 UNGROUTED OR PARTIALLY GROUTED CONSTRUCTION. TE SHALL BE THE VALUE
OBTAINED FOR THE CONCRETE MASONRY UNIT DETERMINED IN ACCORDANCE WITH ASTM
C140.

722.3.1.3 SOLID GROUTED CONSTRUCTION. THE EQUIVALENT THICKNESS, TE, OF SOLID
GROUTED CONCRETE MASONRY UNITS IS THE ACTUAL THICKNESS OF THE UNIT.

722.3.1.4 AIRSPACES AND CELLS FILLED WITH LOOSE-FILL MATERIAL. THE EQUIVALENT
THICKNESS OF COMPLETELY FILLED HOLLOW CONCRETE MASONRY IS THE ACTUAL THICKNESS
OF THE UNIT WHERE LOOSE-FILL MATERIALS ARE: SAND, PEA GRAVEL, CRUSHED STONE, OR
SLAG THAT MEET ASTM C33 REQUIREMENTS; PUMICE, SCORIA, EXPANDED SHALE, EXPANDED
CLAY, EXPANDED SLATE, EXPANDED SLAG, EXPANDED FLY ASH, OR CINDERS THAT COMPLY
WITH ASTM C331; OR PERLITE OR VERMICULITE MEETING THE REQUIREMENTS OF ASTM C549
AND ASTM C516, RESPECTIVELY.
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CONCRETE MASONRY MULTIWYTHE

Ri=(R"™+R ™+ . +R " +4, +4,+...+4)7
(Equation 7-7)
where:
R, = Fire-resistance rating of the assembly (hours).
R,R,..R, Fire-resistance rating of wythes for 1, 2,
n (houfs), respectively.

0.30, factor for each continuous airspace
for 1, 2, ...n, respectively, having a depth
of '/, inch (12.7 mm) or more between
wythes.

CONCRETE MASONRY MULTIWYTHE

4" SOLID SPLITFACE CMU, 2" AIRSPACE, 2" RIGID FOAM, 8" Cmu, 5/8" TYPE X GYP BD
ALL BLOCK LIMESTONE AGGREGATE

R = (2:0P5° HI0'S0 + 27528 /=8 .5%Rs

R=8.5 HRS +.67 HRS = 9.2 HRS
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CONCRETE MASONRY COLUMNS

TABLE 722.3.5
MINIMUM DIMENSION OF CONCRETE
MASONRY COLUMNS (inches)

FIRE-RESISTANCE RATING (hours)
1 2 3 4

8 inches 10 inches 12 inches 14 inches

MASONRY

TABLE 722.4.1(1)
FIRE-RESISTANCE PERIODS OF CLAY MASONRY WALLS

MINIMUM REQUIRED EOUIW\LENT_ THICKNESS FOR FIRE RESISTANCE® **
MATERIAL TYPE (inches)

2 hours 3 hours 4 hours
Solid brick of clay or shale? 2.7 38 49 6.0

Hollow brick or tile of clay or shale, unfilled .3 34 43 5.0

Hollow brick or tile of clay or shale, grouted or filled with materials

specified in Section 722.4.1.1.3 44 55 6.6
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CLAY MASONRY

I =V/LH (Equation 7-8)

where:

T, = The equivalent thickness of the clay masonry unit
(inches).

¥, = The net volume of the clay masonry unit (inch®).

L = The specified length of the clay masonry unit
(inches).

H = The specified height of the clay masonry unit
(inches).

CLAY MASONRY

722.4.1.1.1 HOLLOW CLAY UNITS. THE EQUIVALENT THICKNESS, TE, SHALL BE THE VALUE OBTAINED FOR
HOLLOW CLAY UNITS AS DETERMINED IN ACCORDANCE WITH EQUATION 7-8. THE NET VOLUME, VN, OF THE
UNITS SHALL BE DETERMINED USING THE GROSS VOLUME AND PERCENTAGE OF VOID AREA DETERMINED IN
ACCORDANCE WITH ASTM Cé7.

722.4.1.1.2 SOLID GROUTED CLAY UNITS. THE EQUIVALENT THICKNESS OF SOLID GROUTED CLAY MASONRY
UNITS SHALL BE TAKEN AS THE ACTUAL THICKNESS OF THE UNITS.

722.4.1.1.3 UNITS WITH FILLED CORES. THE EQUIVALENT THICKNESS OF THE HOLLOW CLAY MASONRY UNITS IS
THE ACTUAL THICKNESS OF THE UNIT WHERE COMPLETELY FILLED WITH LOOSE-FILL MATERIALS OF: SAND, PEA
GRAVEL, CRUSHED STONE, OR SLAG THAT MEET ASTM C33 REQUIREMENTS; PUMICE, SCORIA, EXPANDED
SHALE, EXPANDED CLAY, EXPANDED SLATE, EXPANDED SLAG, EXPANDED FLY ASH, OR CINDERS IN COMPLIANCE
WITH ASTM C331; OR PERLITE OR VERMICULITE MEETING THE REQUIREMENTS OF ASTM C549 AND ASTM
C516, RESPECTIVELY.

9/27/2022
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TABLE 722.4.1(3)
VALUES OF R, **

R (hours)

1.0

CLAY MASONRY

1.50

1.91

227

TABLE 722.4.1(4)
COEFFICIENTS FOR PLASTER, p/°

THICKNESS OF PLASTER (inch) ONE SIDE

TWO SIDES

0.3

0.6

0.37

0.75

722.4.1.2 Plaster finishes. Where plaster is applied to
the wall, the total fire-resistance rating shall be deter-

045

0.90

mined by the formula:

R=(R"+ph"7 (Equation 7-9)

where:

R = The fire-resistance rating of the assembly (hours).

R, = The fire-resistance rating of the individual wall
(hours).

pl = Coefficient for thickness of plaster.

HYBRID MASONRY WALLS

TABLE 722.4.1(2)

FIRE-RESISTANCE RATINGS FOR BEARING STEEL FRAME BRICK VENEER WALLS OR PARTITIONS

WALL OR PARTITION ASSEMBLY

PLASTERSIDE | BRICK FACED
EXPOSED |SIDEEXPOSED

(hours)

(hours)

Outside facing of steel studs:

'/," wood fiberboard sheathing next to studs, 7/," airspace formed with?," x 1%," wood strips placed over the
fiberboard and secured to the studs; metal or wire lath n: to such strips, 3%," brick veneer held in place by
filling */," airspace between the brick and lath with mortar. Inside facing of studs: /," unsanded gypsum plaster
on metal or wire lath attached to ;" wood strips secured to edges of the studs.

Outside facing of steel studs:

1" insulation board sheathing attached to studs, 1" airspace. and }‘IJ" brick veneer attached to steel frame with
metal ties every 5th course. In acing of studs: /" sanded gypsum plaster (1:2 mix) applied on metal or wire
lath attached directly to the studs.

Same as previous assembly except use '/;" vermiculite-gypsum plaster or 1" sanded gypsum plaster (1:2 mix)
applied to metal or wire.

Outside facing of steel studs:

'1," gypsum sheathing board, attached to studs, and 3%," brick veneer attached to steel frame with metal ties every Sth
course. Inside facing of studs: '/," sanded gypsum plaster (1:2 mix) applied to '/," perforated gypsum lath securely
attached to studs and having strips of metal lath 3 inches wide applied to all horizontal joints of gypsum lath.

For SI: 1 inch =254 mm.
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D=4bs+ 2d - 2, D=2(a+d) D=2(bs + d)

FIGURE 722.5.1(1)
DETERMINATION OF THE HEATED
PERIMETER OF STRUCTURAL STEEL COLUMNS

R - lgo[hmm)}“”
- 2

where:

R = Fire resistance (minutes).

h = Total thickness of gypsum wallboard (inches).

D = Heated perimeter of the structural steel column

STEEL WITH GYP BD (inches)

W' = Total weight of the structural steel column and
gypsum wallboard protection (pounds per linear
foot).

W'= W+ 50hD/144.

(Equation 7-12)

722.5.1.2 GYPSUM WALLBOARD PROTECTION. THE FIRE RESISTANCE OF STRUCTURAL STEEL
COLUMNS WITH WEIGHT-TO-HEATED- PERIMETER RATIOS {W/D) LESS THAN OR EQUAL TO 3.65
AND THAT ARE PROTECTED WITH TYPE X GYPSUM WALLBOARD SHALL BE PERMITTED TO BE
DETERMINED FROM THE FOLLOWING EXPRESSION:

7.22.5.1.2.2 ... FOR STRUCTURAL STEEL COLUMNS WITH WEIGHT-TO-HEATED-PERIMETER
RATIOS (W/D) GREATER THAN 3.65, THE THICKNESS OF GYPSUM WALLBOARD REQUIRED FOR
SPECIFIED FIRE-RESISTANCE RATINGS SHALL BE THE SAME AS THE THICKNESS DETERMINED FOR A
W14 x 233 WIDE FLANGE SHAPE.
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W14X61
2 LAYERS 5/8" TYPE X

D = 4(9.997)+2(13.9")-2(0.375") = 67"
W/D =61/67 =0.91

W’ = 61+ 50(1.25")(67")/144 = 90

R =130(1.25"(90/67)/2)%75> =114 MIN

STEEL WITH SFRM

R=[C(WiD)+ C,|h (Equation 7-13)

where:

R = Fire resistance (minutes).

h = Thickness of sprayed fire-resistant material
(inches).

D = Heated perimeter of the structural steel column
(inches).

C, and C, = Material-dependent constants.

W = Weight of structural steel columns (pounds per
linear foot).

FIRE RESISTANCE (HOURS)

d
]
e
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STEEL BEAMS

- b
D =3bf+ 2d - 2ty D=2d+Db¢

FIGURE 722.5.2
DETERMINATION OF THE HEATED PERIMETER OF
STRUCTURAL STEEL BEAMS AND GIRDERS

STEEL BEAMS

722.5.2.1.2 BEAM AND GIRDER SUBSTITUTIONS. EXCEPT AS PROVIDED FOR IN SECTION
722.5.2.2, STRUCTURAL STEEL BEAMS IN APPROVED FIRE-RESISTANCE-RATED ASSEMBLIES SHALL
BE CONSIDERED TO BE THE MINIMUM PERMISSIBLE SIZE. OTHER BEAM OR GIRDER SHAPES SHALL
BE PERMITTED TO BE SUBSTITUTED PROVIDED THAT THE WEIGHT-TO-HEATED-PERIMETER RATIO
(W/D) OF THE SUBSTITUTE BEAM IS EQUAL TO OR GREATER THAN THAT OF THE BEAM SPECIFIED
IN THE APPROVED ASSEMBLY.
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STEEL BEAMS

722.5.2.2 SPRAYED FIRE-RESISTANT MATERIALS. THE PROVISIONS IN THIS SECTION APPLY TO
STRUCTURAL STEEL BEAMS AND GIRDERS PROTECTED WITH SPRAYED FIRE-RESISTANT MATERIALS.
LARGER OR SMALLER BEAM AND GIRDER SHAPES SHALL BE PERMITTED TO BE SUBSTITUTED FOR
BEAMS SPECIFIED IN APPROVED UNRESTRAINED OR RESTRAINED FIRE-RESISTANCE-RATED
ASSEMBLIES, PROVIDED THAT THE THICKNESS OF THE FIRE-RESISTANT MATERIAL IS ADJUSTED IN

ACCORDANCE WITH THE FOLLOWING EXPRESSION: ;
hy=h, [(W, /D) +0.60]/[(W,/D,)+0.60]
(Equation 7-17)

where:

k= Thickness of sprayed fire-resistant material in
inches.

W = Weight of the structural steel beam or girder in
pounds per linear foot.

D = Heated perimeter of the structural steel beam in
inches.

722.6.1.1 MAXIMUM FIRE-RESISTANCE RATING. FIRE-RESISTANCE RATINGS CALCULATED FOR
ASSEMBLIES USING THE METHODS IN SECTION 722.6 SHALL BE LIMITED TO NOT MORE THAN 1
HOUR.

722.6.1.2 DISSIMILAR MEMBRANES. WHERE DISSIMILAR MEMBRANES ARE USED ON A WALL
ASSEMBLY THAT REQUIRES CONSIDERATION OF FIRE EXPOSURE FROM BOTH SIDES, THE
CALCULATION SHALL BE MADE FROM THE LEAST FIRE-RESISTANT (WEAKER) SIDE.
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722.6.2.1 FIRE-RESISTANCE RATING OF WOOD FRAME ASSEMBLIES. THE FIRE-RESISTANCE
RATING OF A WOOD FRAME ASSEMBLY IS EQUAL TO THE SUM OF THE TIME ASSIGNED TO THE
MEMBRANE ON THE FIRE-EXPOSED SIDE, THE TIME ASSIGNED TO THE FRAMING MEMBERS AND
THE TIME ASSIGNED FOR ADDITIONAL CONTRIBUTION BY OTHER PROTECTIVE MEASURES SUCH AS
INSULATION. THE MEMBRANE ON THE UNEXPOSED SIDE SHALL NOT BE INCLUDED IN
DETERMINING THE FIRE RESISTANCE OF THE ASSEMBLY.

TABLE 722.6.2(1)
TIME ASSIGNED TO WALLBOARD MEMBRANES* ™= ¢

DESCRIPTION OF FINISH TIME*{minutes)

*/i-inch wood structural panel bonded with exterior glue

1/,;-inch wood structural panel bonded with exterior glue

¥/ p-inch wood structural panel bonded with exterior glue

*/-inch gypsum wallboard

'f_.-mn:h gypsum wallboard

*/i-inch gypsum wallboard

'/ -inch Type X gypsum wallboard

*/g-inch Type X gypsum wallboard

Double ¥/,-inch gypsum wallboard

'f_.-mn:h + I -inch gypsum wallboard

Double '/,-inch gypsum wallboard
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TABLE 722.6.2(2)
TIME ASSIGNED FOR CONTRIBUTION OF WOOD FRAME *™°
DESCRIPTION TIME ASSIGNED TO FRAME (minutes)

20
10

Wood studs 16 inches o.c.

Wood floor and roof joists 16 inches o.c.

TABLE 722.6.2(3)
MEMBRANE® ON EXTERIOR FACE OF WOOD STUD WALLS

SHEATHING PAPER EXTERIOR FINISH
Lumber siding

Wood shingles and shakes

'/ -inch fiber-cement lap, panel or shingle siding

'i‘fs—inch T & G lumber
“f -inch exterior glue wood structural panel
_‘f:—inch gypsum wallboard Sheathing paper ‘.-’_I—inch hardboard

'/ -inch wood structural panels-exterior type

“li-inch gypsum wallboard Metal siding
‘J":—in(‘h fiberboard -
Stucco on metal lath

Masonry veneer

Vinyl siding

T -
/y-inch exterior-grade wood structural panels

TABLE 722.6.2(4)
FLOORING OR ROOFING OVER WOOD FRAMING®

assemsLy| STRUCTURAL SUBFLOOR OR ROOF DECK FINISHED FLOORING OR ROOFING

Hardwood or softwood flooring on building paper resilient flooring,
5 s parquet floor felted-synthetic fiber floor coverings, carpeting, or ceramic
orinchiwood striictial peinclsior tile on '/ -inch-thick fiber-cement underlayment or ¥,-inch-thick panel
P : # _thick fiber-ceme 3 _inch-thick panel-
1 ~inch T & G softwood 4 criayme ¥ pane
type underlay
Ceramic tile on ['J'J—inch mortar bed

B/ -inch wood structural panels or

Z Finished roofing material with or without insulation
1 -inch T & G softwood & e C

TABLE 722.6.2(5)
TIME ASSIGNED FOR ADDITIONAL PROTECTION

DESCRIPTION OF ADDITIONAL PROTECTION FIRE RESISTANCE (minutes)

Add to the fire- of wood stud walls if the spaces between the studs are completely filled with

glass fiber mineral wool batts ching not less than 2 pounds per cubic foot (0.6 pound per square foot of wall
surface) or rockwool or slag material wool batts weighing not less than 3.3 pounds per cubic foot (1 pound per
square foot of wall surface), or cellulose insulation having a nominal density not less than 2.6 pounds per cubic

foot.
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WOOD

722.6.2.3 EXTERIOR WALLS. FOR AN EXTERIOR WALL WITH A FIRE SEPARATION DISTANCE GREATER
THAN 10 FEET (3048 MM), THE WALL IS ASSIGNED A RATING DEPENDENT ON THE INTERIOR
MEMBRANE AND THE FRAMING AS DESCRIBED IN TABLES 722.6.2(1) AND 722.6.2(2). THE
MEMBRANE ON THE OUTSIDE OF THE NONFIRE-EXPOSED SIDE OF EXTERIOR WALLS WITH A FIRE
SEPARATION DISTANCE GREATER THAN 10 FEET (3048 MM) SHALL CONSIST OF SHEATHING,
SHEATHING PAPER AND SIDING AS DESCRIBED IN TABLE 722.6.2(3).

722.6.2.4 FLOORS AND ROOFS. IN THE CASE OF A FLOOR OR ROOF, THE STANDARD TEST
PROVIDES ONLY FOR TESTING FOR FIRE EXPOSURE FROM BELOW. EXCEPT AS NOTED IN SECTION
703.3, ITEM 5, FLOOR OR ROOF ASSEMBLIES OF WOOD FRAMING SHALL HAVE AN UPPER
MEMBRANE CONSISTING OF A SUBFLOOR AND FINISHED FLOOR CONFORMING TO TABLE
722.6.2(4) OR ANY OTHER MEMBRANE THAT HAS A CONTRIBUTION TO FIRE RESISTANCE OF NOT
LESS THAN 15 MINUTES IN TABLE 722.6.2(1).

2x6 NO 2 SPF @16 IN OC WITH 2 LAYERS 5/8" Typ X GYP BD EACH SIDE, MINERAL WOOL
BATT 2.5 PCF FILL THE CAVITY

R=1{2)40 MIN+ 15 MIN + 20 MIN = 115 MIN
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