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Fire resistance of building elements is an important consider-
ation in building design. While structural design considerations
for concrete and masonry at ambient temperature conditions are
addressed by ACI 318M and TMS 402/ACI 530/ASCE 5, respec-
tively, these codes do not consider the impact of fire on concrete
and masonry construction. This standard contains design and
analytical procedures for determining the fire resistance of conc: »te
and masonry members and building assemblies. Where diffe erc s
occur in specific design requirements between this st=nau.o and
ACI 318M and TMS 402/ACI 530/ASCE 5, as in the ccse of cover
protection of steel reinforcement, the more stringe.»t o) .\ require-
ments shall apply.
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will accept responsibility for the application of the material it
contains. The American Concrete Institute disclaims any and
all responsibility for the stated principles. The Institute shall
not be liable for any loss or damage arising therefrom.

Reference to this document shall not be made in contract
documents. If items found in this document are desired by
the Architect/Engineer to be a part of the contract documents,
they shall be restated in mandatory language for incorporation
by the Architect/Engineer.
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PREFACE

This standard provides requirements for determining fire
resistance of concrete and masonry elements and assem-
blies. Calculation procedures for determining fire resistance
are provided for concrete walls, floors, roofs, and columns
and masonry walls, lintels, and columns. Procedures are
also included for determining requirements for concicte
cover, protection of structural steel columns using coucr_te
or masonry, and for hollow structural steel colurns alled
with concrete. Procedures for determining the ¢nti hution
of additional fire resistance provided by finis..mc terials on
concrete or masonry assemblies are also i'icl.ded.

CHAPTER 1—GENERAL

1.1—Scope

This standard describes <ceptabic methods for deter-
mining the fire resistance >f co.icrete and masonry building
assemblies and structuiol eiements, including walls, floor
and roof slabs, bcams, columns, lintels, and masonry fire
protection <“or“=tructural steel columns. These methods
shall be uvsed Jor des gn and analysis purposes and shall be
based on the fire exposure and applicable end-point criteria
of AST'M E119. This standard does not apply to composite
matal aoack tloor or roof assemblies.

Toerprimary intended use of this standard is for deter-
minug the design requirements for concrete and masonry
Jlements to resist fire and provide fire protection. Tolerance
compliance to the provisions for concrete shall be based on
information provided in ACI 117M. Masonry construction
shall comply with TMS 402/ACI 530.1/ASCE 6.

aci:
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The provisions of this standard establish fire resistance
based on calculations. The fire resistance associated with
an element or assembly shall be deemed acceptable when
established by the calculation procedures in this standard or
when established in accordance with 1.2.

1.2—Alternative methods

Methods other than those presented in this standard
shall be permitted for use in assessing the fire resistance
of concrete and masonry building assemblies and struc
tural elements if the methods are based on the fire exno-
sure and applicable end-point criteria specified in ASTM
E119. Computer models, when used, shall be vilida.>d and
supported by published literature to substantiate tL.>ir accu-
racy. Alternative methods include:

Qualification by testing—Materials : «d a'semblies of
materials of construction tested in accordance with the
requirements set forth in ASTM E11¢ shall be classified for
fire resistance in accordance with tuerosults and conditions
of such tests.

Approval through past-ve: 9rnance—The application
of fire resistance rating™ to . lements and assemblies that
have been applied in the pa + and have been proven through
performance she 'l t e permitted.

Other methods— The provisions of this standard are not
intendec to revenat the application of new and emerging
techni'ogy for piedicting the life safety and property protec-
tion imp. ~ativns of buildings and structures.

CYAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

Ay, Ay, and 4, = air factor for each continuous air space
having a distance of 13 to 90 mm between wythes

A, = cross-sectional area of prestressing tendons, mm?

A; = cross-sectional area of nonprestressed longitudinal
tension reinforcement, mm?

A, = cross-sectional area of the steel column, mm?

a = depth of equivalent rectangular concrete compres-
sive stress block at nominal flexural strength, mm

ay = depth of equivalent concrete rectangular stress
block at elevated temperature, mm

B = least dimension of rectangular concrete column, mm

b = width of concrete slab or beam, mm

b, = width of flange, mm

C = compressive force due to unfactored dead load and
live load, kN

c. = ambient temperature specific heat of concrete, kJ/
(kg'K)

d = effective depth, distance from centroid of tension
reinforcement to extreme compressive fiber or
depth of steel column, mm

D = for hollow structural steel columns, outside diam-
eter for circular columns, mm; outside dimension
for square columns, mm; and least outside dimen-
sion for rectangular columns, mm

D. = oven-dried density of concrete, kg/m?
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d, = distance from centroid of tension reinforcement to
most extreme concrete compressive fiber at which
point temperature does not exceed 760°C, mm

d; = thickness of fire-exposed concrete layer, mm

dy, = column width, mm

f. = measured compressive strength of concrete test
cylinders at ambient temperature, MPa

f' = specified compressive strength of concrete, MPa

fe' = reduced compressive strength of concrete at
elevated temperature, MPa

Jps = stress in prestressing steel at nominal flexural
strength, MPa

Joso = reduced stress of prestressing steel at elevated
temperature, MPa

Jou = specified tensile strength of prestressing tendons,
MPa

fy = specified yield strength of nonprestressed rein-
forcing steel, MPa

fro = reduced yield strength of nonprestressed rein-

forcing steel at elevated temperature, MPa

H = specified height of masonry unit, mm

H; = ambient temperature thermal capacity of steel
column, kJ/(m-K)

h = average thickness of concrete cover, mm

KL = column effective length, m

k. = thermal conductivity of concrete at room tempera-
ture, kcal/(m-hr-°C)

ken = thermal conductivity of concrete masonry at room
temperature, kcal/(m-hr-°C)

L = specified length of masonry unit or interior dimen-

sion of rectangular concrete box protection for steel
column, mm

¢ = clear span between supports, m

M = moment due to full service load on me nb.r, N m
M, = nominal moment capacity at section. N m

M,y = nominal moment capacity of se tio. at elevated

temperature, N-m
M,s'= nominal positive moment capacity of section at
elevated temperature, N 'm

M,;= nominal negative momunt capacity of section at
elevated temperat're, 1 ''m

M, = maximum value ot :sdistributed positive moment
at some dis’ar e x;, N-.n

m. = equivalent moiswre content of the concrete by
volume, | ercent

p = inn r perimeter of concrete masonry protection, mm

ps = mated perimeter of steel column, mm

R <= frere istance of assembly, hours

R.. = fiie resistance of assembly, minutes

%y = fire resistance at zero moisture content, minutes

N Ry, R,= fire resistance of layer 1, 2,...n, respectively,
hours

s = center-to-center spacing of items such as ribs or
undulations, mm

t = time, minutes

t. = equivalent thickness of a ribbed or undulating

concrete section, mm

X1

X2

equivalent thickness 7, calculated by dividing the
net cross-sectional area by the panel width
minimum thickness, mm

total slab thickness, mm

thickness of web, mm

specified thickness of concrete masonry and clay
masonry unit, mm

equivalent thickness of concrete, concrete masonry
and clay masonry unit, mm

equivalent thickness of concrete masonry ass2m 1y,
mm

equivalent thickness of finishes, mm

average thickness of concrete bet' veel the center of
main reinforcing steel and fire-exnos 4 surface, mm
an adjusted value of u.to.acctmmodate beam
geometry where fire expo re v» concrete surfaces
is from three sides, mm

net volume of masonry unit, mm
average mass of the si2<' column, kg/m

sum of unfactored '=ad ad live service loads, N/m
density of eancrite kg/m?3

density ¢ mas. nry protection, kg/m?

distance fro @i inflection point to location of first
1. ter or support, measured after moment redistribu-
tion 1as occurred, m

dis‘ance at which maximum value of redistributed
pusitive moment occurs measured from: (a) outer
support for continuity over one support; and (b)
either support where continuity extends over two
supports, m

in continuous span, distance between adjacent
inflection points, m

subscript denoting changes of parameter due to
elevated temperature

reinforcement ratio (4,/bd)

ratio of total reinforcement area to cross-sectional
area of column

reinforcement index for concrete beam reinforced
with prestressing steel

reinforcement index for concrete beam reinforced
with prestressing steel at elevated temperature
reinforcement index for concrete beam reinforced
with nonprestressed steel

reinforcement index for concrete beam at elevated
temperature

modification factor reflecting type of column infill

3

2.2—Definitions

The following terms are defined for general use in this
code.

bar, high-strength alloy steel—reinforcement conforming
to the requirements of ASTM A722M.

barrier element—a building member that performs as a
barricade to the spread of fire (for example, walls, floors,
and roofs).

beam—a structural member subjected to axial load and
flexure but primarily to flexure.
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