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The Standard Building Code and the South Florida Building Code allow fire
resistance ratings of concrete and concrete masonry members and assemblies
to be determined by calculation methods. This publication summarizes these
approved calculation procedures. Requirements for walls, floor and roof slabs,
and columns are tabulated and calculation procedures are demonstrated by
example.

At the time of this printing all the procedures herein

have been approved by the Standard Building Code
and are contained in Chapter 31 of that code. in the
Scuth Florida Bullding Cede, these procedures have
been incorporated with minor variations into Chapter
37 ... for both the Dade and Broward editions.
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Analylical Methods of Determining Fire
Endurance of Concrete and Masonry
Members—Model Code Approved Procedures

Fire endurance: A measure of the elapsed time
during which a material or assembly continues (o
exhibit fire resistance under specified conditions of
test and performance. As applied to elements of
buildings, fire endurance shall be measured by the
methods and to the criteria defined by ASTM
Methods E 119, “Standard Methods of Fire Tests
of Building Construction and Materials.” (Fire
endurance is a technical term.) )

Fire resistance: The property of a material or
assembly to withstand fire or give protection from it.
As applied to elements of buildings, fire resistance
is characterized by the ability to confine a fire or to
continue to perform a given structural function, or
both. (Fire resistance /s a descriptive term.)

Fire rating: A time required, usually expressed in
hours, for an element in a building to maintain its
particular fire-resistant properties. Model codes
establish the required fire ratings forvarious building
elements. (Fire rating or fire-resistance rating is

alegal term.)

PARTI
INTRODUCTION AND STANDARD
FIRE TEST

Fire endurance periods for building components
are normally determined by physical tests
conducted according to ASTM E 119, “Standard
Methods of Fire Tests of Building Construction and
Materials.” Provisions of the ASTM E 119 test
require that specimens be subjected to a fire which
follows the standard time-temperature curve shown
in Fig. 1.

Under the E 119 standard, the fire endurance of
a member or assembly is determined by the time
required fo reach the first of any of the following
three end points:
1. Ignition of cotton waste due to passage of flame

through cracks or fissures.

2. A temperature rise of 325°F (single point) or
250°F (average) on the unexposed surface of
the member or assembly. This is known as the
heat transmission end point.

3. Inability to carry the applied design load, thatis,
structural collapse.

Additional rating criteria for the fire endurance of a

member or assembly include

1. Concrete structural members: in some cases the
average temperature of the tension steel at any
section must not exceed 800° F for cold-drawn
prestressing steel or 1100°F for reinforcing bars.
Tests show that the respective steels retain
approximately 50% of their.original yield strength
at these temperatures.

2. For wall sections: the ability to resist the impact,
erosion, and cooling effects of a specific size
hose stream.
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Fig. 1. ASTM Standard E 119 time-temperature cusve.

Much of the following information through page 13 is exerpted from “Fire Protection Planning Report No.13; Analytical '
Methods of Determining Fire Endurance of Concrete and Masonry Members - Model Code Approved Procedures,”
SR 267.01B, Concrete and Masonry Industry Firesafety Committee, 5420 Cld Orchard Road, Skokie, lllincis 60077-

4321.



Table 1 presents a listing of ASTM E119 end-point
criteria and test conditions and outlines applicable end
points of various concrete and masonry members and
. assemblies.

ASTM E 9 classifies beams, floors, and roofs as
either restrained or unrestrained. A restrained member is
one In which the thermal expansion is restricted.
Reinforced concrate assemblies are generally classified
as restrained if they have continuity atinterior supports or
are restricted from lateral movement at exterior supports.
Table 2 should be referenced when determining the
presence of thermal restraint.

The three mode! codes in the United States are the
BOCA National Building Code (B/NBC), ICBO Uniform
Building Code (UBC), and SBCCI Standard Building
Code (SBC). All require firetesting in accordance with
-ASTM E 119 or analytical calculation based on ASTM
E119testdatato satisfy allfire-resistance ratings required
byths codes. Theserecently approved analyticalmethods
present significant cost savings when compared to
actual ASTM E 119 firetesting.

ANALYTICAL METHODS

Over many years the results of ASTM E 119 standard fire
tests have been analyzed. Along with standard fire tests
there has been research and development of data on
strength of stes! and concrete at elevated temperatures,
temperature distribution within concrete, verification and
medification of theory, and the effects of restraining
thermal expansion during heating. This testing and
research forms the basis for the analytical, or the
calculation methods of determining fire endurance.
Calculation of fire endurance can be classified into
two categories: rational design and empirical design.

Rational Design

Rational design utilizes ASTM E119fire-testresuits, data
on steel and concrete strength at elevated temperatures,
temperature distribution within heated concrete, and the
effacts of support conditions and restraint of “thermal
expansion to performstructural engineering calculations.

Withtheinformation listed, the engineercanthen estimate
by calculation the strength of members exposed to
standard fire tests for various lengths of exposure time.

Many fire tests have been performed to further develop
and verify that rational design calculations correctly
estimate strengths of members exposed to the standard
fire test.

In a rational design calculation the fire endurance
would be the length of time required for the load capacity
of the member to be reduced to equal that of the apptied
loading.

Empirical Design

Empirical design utilizes tabulated results of ASTM E1189
fire tests and design aids, such as data on strength of
heated concrete and steel, and temperature distributions
in concrete and masonry to calculate factors such as

critical cancrete thicknesses and cover. Application of
empirical design is simpler than rational design in that
no structural engineering calculations are required.

‘END-POINT CRITERIA AND ANALYTICAL

METHODS

To analytically calculate the fire endurance of a given
member it Is useful to understand which end-point
criteria will govern design of that member. As praviously
discussed, the first end peint reached during the E119

fire test establishes the fire endurance period of the

member. To further aid in understanding applicabllity of
various end-pointcriteria, Table 1 should be referenced.

Walls

Concrete and masonry walls nearly always fail the heat
transmission end point before allowing passage .of
flame or failing structurally. By examining heat
transmission through various thicknesses of concrete,
made with various types of aggregates, from E 118 fire
tests It is possible to determine a given thickness or
equivalent thickness of concrete, masonry, or brick to
limitthe temperature rise to below 250°F (average) orto
325°F (single point) as spectﬁad inASTME 119,

Prestressed and normally reinforced concrete beams
cannot be so easily cetegorized The ability of a beam
to carry a design load is the primary end point and is
dependent on several factors which are accounted forin
rational design methods. The rational design of a beam
would consider the applied load, amount of concrete
cover, bsam spacing, span length and beamdimension,
concrete and steel strengths, aggregate type in the
concrete, type of support, and restraint of thermal
expansion. Considering the abovefactors, the structural
designer would calculate the load-carrying capacity of
the beam at a specific length of exposure time, that
being the code-required-fire endurance pericd for the
member being examined.

Empirical design of beams in accordance wnh “for
example, Chapter 31 of the SBC and Chapter 37 of
SFBC replaces rational design and considers the
abovefactors forspecifying concrete coverrequirements
for beams of ditferent aggregate type concrete of
varying width in both restrained and unrestrained
conditions as shown in Table 7.Tests show that with all
other factors equal the primary factors in beam fire
endurance are the amount of concrete cover over
prestressing strands or reinforcing steel bars and the
method of support.

Floors and Rocofs

Calculation of fire endurance of reinforced and
prestressed concrete roof and floor slabs is based on
both analysis of heat transmission and of load-carrying
capacity atelevatedtemperatures. The heattransmission

end point can be analyzed similarly to walls. As with
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Table 1
Applicable End-Point Criteria and Test Conditions for Concrete and Masonry Members
and Assemblies (Based on ASTM E 119 Standard Fire Tests)

250° F average Flame impinge-
End ot |ompermiure dse ment through
poi or 325° po cracks or fissures Steel - Ho
temp. rise on sufficient to ignne Car applled tem Restrained 050
perature durin stream
Member . Junesiosed_lcotonwase™ | el " | "o g |
Bearing Yes Yes Yes Not considered No* Yes?
Walls Nonbearing Yes Yes Noload  INotconsidered|  Yes' yes?
F'?'s" Restrained Yes Yes Yes No® Yes No
%‘ofs Unrestrained Yes Yes Yes No _ No No
'Rasttaeigt not
mposed; tost
Columns No No Yes . No speclfies simulation | "\°
of end eonnection
Indlvidrl:eald bsams-
restrained: pre- ' Yes Yes* Yes No
stressed or reinforced No No
Individual beams -
Unrestrained: No No Yes No No No
| prestressed or
reinforced

' Non-load-bearing walls are restrained but not loaded during tests. Bearing walls are loadsd but not restrained

? Hose stream tests apply only to those walls required to have a one-hour rating or greater

* Restrained floor and roof slabs utilizing concrete beams spaced greater than 4' center-to-center must not exceed stee!
temperature limits of 1100°F (reinforcing steel) and 800°F (prestressing steel) for one-half the rating period or 1 hour
whichever is greater

* Reinforcing steel! in concrete beams or joists spaced greater than 4' center-to-center and cast monolithically with floors and

e columns must be maintained below 800°F (prestressing) and 1100°F (reinforcing) for 1 hour or cne-half the desired rating
period, whichever is greater. . ) :
Table 2.
Construction Classification, Restrained and Unrestrained
UNRESTRAINED
Wall Bearing:  Single span and simply supported end spans of multiple bays such as concrele slabs or precast units’
RESTRAINED

Wall Bearing: Interior spans of muitiple bays:
(1) Cast-in-place concrete slab systems
(2) Precast concrete where the potential thermal expansion is resisted by adjacent construction®
Concrete framing:
(1) Beams securely fastened to the framing members.
(2) All types of cast-in-place floor or roof systems (such as beam-and-siabs, flat slabs, pan joist and
waffie slabs) where the floor or roof system is cast with the framing members.
(3) Interior and exterior spans of precast systems with cast-in-place joints resulting in restraint
equivalent to that which would exist in condition 1, concrete framing.
{4) Ali types cf prefabricated floor or roof systems where the structural members are secured to such
systems and the potential thermal expansion of the floor or roof systems Is resisted by the
framing system or the adjoining floor or roof construction.

1. Floor and roof systems can be considered restrained when they are tied into walls with or without tie beams, the walls being
designed and detailed to resist thermal thrust from the floor or roof system. 2. For example, resistance to potential thermal
expansion Is considered to be achieved when:;
o 1. Continuous structural concrete topping Is used.
& 2. The space between the ends of pracast units or betwean the ends of units and the vertical face of supports is filled with
concrete or mortar, and
3. The space between the ends of precast units and the vertical faces of supports, or between the ends of solid or hollow-

core slab units does not exceed 0.25 % of the length for normal weight concrete members or 0.1 % of the length for
structural lightweight concrete members. -




beams, the ability of roofs and floors to carry load is
influenced by several factors in design. Tabulated
values for concrete cover, similar to those for beams,
exist for roof and fioor slabs and are shown in Table 8.

Columns

The structural fire endurance of concrete columns is
influenced primarily by the column size and the
concrete aggregate type. The basis at present for
column fire endurance design are tabulated minimum
cover and column size requirements based on past
ASTM E 119 tests which were run to the structural
failure end point and a just completed 10 year column
testing program at the laboratories of the National
Research Councll of Canada andthe Portland Cement
Assoclation. Results have been incorporated into the
current model bullding codes and are included in this
booklet update of '92.

FACTORS INFLUENCING ENDURANCE OF
CONCRETE AND MASONRY EXPOSED
TO FIRE

Three principal factors influence the fire endurance of
concrete and masonry. These factors, thickness and
aggregate type, thermal restraint conditions, and
temperature distribution through membersare included
in the code-approved methods for calculating fire
resistance and need 1o be understood before
attempting to carry out the calculations.

Effect of Thickness and Aggregate Type

The factors which determine ths fire endurance of .

concrete and masonry members orassemblies subject
to the heat transmission end point criteria (walls,
floors, roofs) are the thickriess and the aggregate type
of concrete used.

This canbe seen clearlyin Table 3, which shows that
for a given aggregate type the length of time to reach
a 250°F temperature rise on the unexposed surface
increases as the thickness of the concrete increases.
Examination of Table 3 also shows that lightweight
aggregate concrete transmits heat more slowly than

. normal-weight concrete, resulting in longer fire

endurances. As unit weight, determined by aggregate
type, is reduced, resistance to heat transmission
increases.

Structural lightweight concretes use aggregate suc.\@;) :

as expanded shale, clay, and slate and have unit weights .

ranging from 100 Ibs per cu ft to about 120 Ibs percu ft.
Normal-weight concretes have unit weights ranging from
135 to 150 Ibs per cu ft. Normal-weight concretes utilize
siliceous aggregates obtained from natural sand and
gravel or carbonate aggregates such as limestone.
Lightweight insulating concretes with unit weights of as
low as 30 Ibs per cu ft are also available.

Effect of Restraint of Members During
Fire L.oading

Most cast-in-place reinforced concrete members are
considered restrained. Precast or prestressed concrete
members are more difficult to classify, and conditions
whichaffectthermal restraint should be carefully examined
in every case involving a beam, floor, or roof assembly.
The tabular metheds contained within the model codes
consider either fully restrained or fully unrestrained
members subjected to ASTM E 119 fire tests. in most
cases the presence of restraint will enhance fire
endurance.

Table 2, which is adapted from Appendix X3 of ASTM
E 119 (also contained within the UL Fire Resistancr

Temperature Distribution Within Concrete
and Masonry Members and Assemblies

In concrete and masonry, several factors influence

temperature distribution through a member; primary are
the shaps or thickness of the member and the concrete
aggregate type. Tempsrature distribution through orwithin
the member during ASTM E 119 firetesting is important
in determining heat transmission rates in walls and floors
and roofs and in determining steel and concrete
temperatures in beams, floors and roofs, and columns.

Table 3. -
Fire Endurances of Naturally Dried
Specimens’
Slab Fire endurance, hr:min.
Thickness Siliceous Carbonate Sanded expanded
in. aggregate aggregate shale aggregate?
112 o:18 0:18 0:24
21/2 0:35 0:41 0:54
4 1:18 1:27 2:18
5 2:01 2:17 3:00
8 2:50 316 455
7 357 4:31 -

' Times shown are times required to reach 250°F average temperature on unexposed surface.
2 With sand from Elgin, lllinols, replacing 60% (by absolute volume) of the fines.

Directory), provides some criteria for identifying whethe . ‘
a given memberorassembly s restrained orunrestrained, “

@



PART I

CODE-APPROVED
METHODS OF CALCULATION

NOTE:

For calculating the fire rating of concrete and concrete masonry materials two
factors must be known.
They are:
1) Equivalent Thickness, and
- 2) Type of aggregate

AGGREGATE TYPE USED IN FLORIDA

Limestone aggregate is most commonly used for both concrete and concrete
masonry throughout Florida with the possible exception of the Panhandle. In the
case of concrete, limestone falls into the carbonate category (Fig. 2/ Table 4,6,7,8,9
and 10). However, for concrete masonry (Table 5 and Table 10), the classification
of aggregates is broken down even further with limestone placed in a separate
category along with cinders and expanded slag. Granites and “crushed river run”
fall into the category of siliceous for both concrete and concrete masonry. If
aggregate type is in doubt, the information can generally be obtained from the
concrete or masonry supplier. Aggregate type is important because the different
aggregate type concretes transmit heat at different rates as can be seen in the
following tables.




PARTII
CODE-APPROVED METHODS OF CALCULATION

HEAT TRANSMISSIOM END POINT

Solid Concrete Walls, Floors, and Rocfs of Constant Thickness

When considering flat, single-wythe concrete or masonry walls, floors, or roofs, heat transmission
endurance pericds are based on the actual or equivalent thickness of the assembly in accordance with
Fig. 2 (concrete) or Fig. 3 (masonry). These are summarized in Table 4 for Concrete and Table 5 for
Masonry which illustrate the general form the information appears in the model codes.

EQUIVALENT THICKNESS CONCEPT:

When the building component in question is ribbed, tapered, undulating, or has hollow cores, an
equivalent solid thickness must be determined. Equivalent thickness is the thickness obtained by considering
the gross cross-sectional area of a wall minus the area of voids or undulations in hollow or ribbed sections,
all divided by the width of the member. Calculation of equivalent thickness is outlined for several common
concrete and masonry building components in Figs. 4,5, and 6 and elsewhere within the text.

Table 4.
Minimum Equlvalent Thickness, In., of
Cast-In-Place or Precast Concrete Walls,
Loadbearing or Non-Loadbearing'?

Minimum slab thickness (inches)
ncrete aggregate for fire-resistrance rating
1 1-1/2hr| 2hr |3hr |4 hr

e
hr

Concrete E:ceous 35 | 43 |50 [62 | 7.0
32

arbonate . 40 | 486 |57 | 66
nd-lightweight | 27 | 33 |38 |46 | 54
ghtweight 25 | 31 |36 |44 |5

Table 5.
Minimum Equivalent Thickness in Inches
ot Load-Bearing Concrete Masonry Unit Walls
tor Fire-Resistance Ratings'?

Aggregate Type 1hr{2hr|3hr|4hr
C Expanded slag or pumice aggregates | 2.1 |32 {4.0 4.1
oncrete Expanded shale, clay, or slate agg. 26 |36 [44 |5.1

Limestone, cinders, or unexpanded

Masom) slag aggregates | 2.7 (4.0 |5.0 |5.9
Calcarsous gravel aggregates 28 |42 |53 |6.2
Sliicecus grave) aggregates 30 |45 |57 |67

*Fire ratings for thicknesses between tabulated values may be obtained by direct Interpolation ’
*Where all of the core spaces of hollow-core wall panals or masonry units are fillad with loose-fill material such as expanded shale,
clay or slag, vermiculite or perite, or solid grouted, the fire-resistance rating of the wall is the same as that of a solid wall of the

same aggregate type and of the same overall thickness

Daterming thitkness Here cmmemm 1
Tapered Flanges 14
Equivalent thickness for a concrete T-beam with B
tapered flanges is taken as the actual thickness of

the flange measured at a distance of twice the
minimum thickness or 6" from the end of the flange
(whichever is less). This is shown in Fig.4.

21 or 6" whithever is las

Fig.4 Equivalent thickness of a tapered
member.
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Ribbed Concrete Members

For ribbed or undulating surfaces, calculation of
equivalent thickness is based on the spacing of the stem
components and minimum thickness of the flange.
Calculation of the equivalent thickness is determined
based on the provisions shown in Fig. 4.

For s 2 4t, the thickness to be used shall be t
For s < 21, the thickness to be used shall be t

For 4t > 5 > 2t the thickness shall be t+(4ts-1)(t,-1)

s = spacing of ribs or undulatiions t = minimum thickness
1,= equivalent thickness of the panel calculated as the net
cross-ssctional area of the panel divided by the width; not to
exceed 2t

Nots: Negiect shoded creas in
colculation of equivotent
thickness.

Fig. 5. Equivalentthickness of a ribbed orundulating
section.

Hollow-Cocre Concrete Planks
The equivalent thickness (teq) of hollow-core planks
is obtained by the equation

toe= A . /width
where A, is the gross cross section (thlckness X
width) minus the area of cores. This is shown in Fig. 5.
A, = @rea of gross cross section - area of cores
A = Bin. X 72in. - 5 (1%‘!’)

= §76sqin. - 62Bsqin. = 513.25q in.

=S13sqin, .
leo i, = 7.1i0n.

Fig.6. Typical hollow-core concrete plank.

QO 00O
=

width & 72°

L

Concrete Masonry - (Block)

Hollow or solid concrete masonry units are available
in nominal thicknesses of 2, 4, 6, 8, 10, and 12in.
with varying percentages of solid area. The equivalent
thickness for hollow block can be calculated using a
procedure similar to that for hollow-core slabs .
Equivalent thickness for concrete masonry can be
determined from the following equation:

t,, = % solid X thickness

The percent solid in any given masonry unit can be
obtained from the manufacturer. Once equivalent
thickness is known, the fire-resistance rating of
masonry walls canbe determined from Table 4. See
notes to Table 4 for each model code’s provision
regarding fire endurance offilled block. If 100% solid
flat-sided concrete masonry units are used, the
equivalent thickness is the actual thickness.

Multi-Wythe Walis

A multi-wythe wall (that is, a wall with more than one
layer of material) has a greater fire-endurance pericd
than a simple summation of fire-endurance periods
of the various layers. An equation for determining
estimated fire endurance of multi-wythe walls based
on the heat transmission end point is:

R=(R,%®+R,%™. ..+ R %%) 7 Eq. 1
where

R =total fire-endurance rating in minutes

R etc. = fire endurance in minutes of each
individual wythe (or componént
lamina)

The equation is not applicable in all cases and
must be used keeping the following conditions in
mind.

1. The fire endurances (determined in accordance
with ASTM E 119) of each wythe must be
known.

2. The equation does not account for orientation
of layering. It is known that if the more fire-
resistant material is on the fire-exposed surface,
a higher total rating would be obtained during
actual testing than if the wythes were reversed.

3. The exponent 1.7 and its reciprocal 0.59 are
average values which vary from material to
material.

B



Graphical Method
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Flg. 7 Fire endurance of mutti-wythe walls—graphical
method (based on fire exposure on normal weight con-
crete side of assembly).

GRAPHIC vs CALCULATION METHOD:

Graphic Method:

Fig. 7 shows a graphical method for determining the fire
resistance rating of a two wythe wall. Each wythe has an
individual fire endurance rating of ona hour, but, when used
together the result is a 3 hr-17 min. rating.

Calculation Method:

3.20" carbonate aggregate concrete from Fig. 2, A= 1.0 hr
2.70" sand-lightweight concrete from Fig. 2, A= 1.0 hr
R, ((60)°*+ (60)°*)'7 = 187 minutes (3hr, 17 minutes)

The equation is generally accurate within ten percent.
Graphical means of calculating muiti-wythe fire resistance,
as shown in Fig. 7, should be used when greater accuracy
is required.

Table 6 shows values for R** 1o be used In the multi-

wythe equation. Note that concrete masonry and brick are
notincluded. R®% valuas may be obtalnedtor any walltested
per ASTM E 119 by simply raising the resistance, in
minutes, to the 0.59 power. For example, from Fig. 2 itcan
be seen that 3.5 inches of siliceous aggregate concrete will
provide one hour fire endurance, and (60)°% = 11.3.
Referring to Table 6 we can read R%* directly which for 3.5
Inches of siliceous aggregate concrete is 11.3.

Sandwich Panel Wall Section

Precast concrete panels consisting of a layer of foamed
insulation between two layers (wythes) of concrete have
become a popular method of providing energy-efficient
walls. Foam insulation can be considered to have a fire-
resistance rating (R) of 5 minutes if one inch or thicker
(R*®= 2.5 minutes). For thicknesses less than one Inch,
the effect of the foam insulation should not be considered
in calculating the panel fire endurance.

Multlcourse Concrete Floors and Roois

Calculations of heat transmission fire endurance of
multicourse floors and roofs are similar to analysis of
multiwythe walls. Fig. 7 shows the required thickness of a

-siliceous or carbonate aggregate concrete base course
and an overlay of sand-lightwelght concrete required to
achieve fire endurances from one to four hours. Ratings
shown are based on the heat transmission end point.
Graphs such as Fig. 7 have been approved for analytical
calculationof multicoursefloor, roof, and wallfire endurance
by all modsl codes. Reference 1 is an excellent source of
this graphical data.

STRUCTURAL END POINT
Reinforced and Prestressed Concrete Beams

Reinforced and prestressedconcrete beamfireendurance
is governed by the ability of the beam to camry structural
loads. In addition, steel temperatures must In some cases
bs maintained below the ASTM E 119 limits of 800°F for
presiressing steel and 1100°F for reinforcing steel. Under
the ASTM E 119 standard, beamscan be tested for either
restrained or unrestrained conditions. A summary of
ASTM E 119 conditions of acceptance and steel
temperature criteria for beams follows:
1. Beams—tested restrained and used restrained.
Forindividual restrained beams spaced more than 4
feet on center, the stesl temperatures must be limited
10 below 800°F (prestressing) or 1100°F (reinforcing)
for one hour or one-half the desired rating period,
whichever is greater. .

Table 6.
R.°# Values for Various Thicknesses of Concrete Floors, Roofs, and Walls; Various Aggregate Typas'

Values of R S® for use in Eq. 1

Type of material
‘ 11200 2inl 2 1/2]9]3_1;]._3_1121&4_1.3.__4_1@1. 5in | 51/ 16 1/2i1 Z1n,
Siliceous aggregate concrete | 53 | 65| 81 (95| 11.3 | 13.0{149 |169 | 188 [20.7 | 228 | 251
Carbonate aggregate concrete| 5.5 7.4 8.9 | 104 12.0 140 ] 162 18.1 20.3 |21.9 | 24.7 | 27.2¢
Sand-lightweight concrete 6.5 8.2 10.5| 12.8| 15.5 18.1| 20.7 | 233 2860 | @ @ @
Lightweight concrete 6.6 6.8 12 | 13.7] 16,5 19.1 | 21.9 | 24.7 27.8
Insulating concrate® 9.3 |13.3| 166 | 18.3| 23.9 265 @ @ “ “ | @
Alr Space®™ - - . - - - - . - - - -

{1) All model codes recognize the use of the listed .95 values for concrete and masonry. To be used when calculating total resistance in minutes.
{2) Dry unit weight 35 pct or less and consisting of cellular periite or vermiculite concrete. ‘

(3) The R = value for ons V2- to 31/2-inch air space Is 3.3, The R,% value for two 1/2- to 3i/2-inch alr spaces is 6.7

(4) The fire-resistance rating for this thickness exceeds 4 hours.
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2. Beams—tested in an unrestrained condition and The several different classifications fori beams

usgd unrestrained. Steel temperature limits are graphically illustrated the several conditions which
waived, the beam is rated onits ability to carry the influence beam fire endurance. Factors such as beam
applied load. width and spacing, restraint conditions, and concrete
3. Beams—tested In a restrained condition but used Cover are considered in Table 7. The tabulated cover
unrestrained. requirements in Table 7 will maintain steel temperatures

Steeltemperaturesinconcrete beamsmustbe maintained  belowthe ASTME 119 limits for the listed exposuretimes
below the limits of 800°F for prestressing and 1100°Ffor  for the shown restraint conditions, beam widths, and

reinforcing bars for the entire endurance period. concrete aggregate type (if prestresed).
Table 7.
Minimum Cover in Inches for Reinforced and
Prestressed Concrete Beams*

Table 7 A. Minimum Cover to Main Reinforcing Bars for Reinforced Concrete Beams
(Applicable to All Types of Structural Concrete)®®

: : Cover thickness (Inches) for -
Restrainedor  Beam Width® fire-resistance rating
Unrestrained® (inches) |[1hr [11/2hr]2br | 3hr 4hr

Restrained 5 34 | 34 |34 | 1V 1 1/40
Restrained 7 3/4 | "3/4 |34 | 34 3/4
Restrained 210 3/4 3/4 |3/4 | 34 4
Unrestrained 5 3/4 1 114 - | -
Unrestrained 7 34 | 34 |3/4 | 1314 | 3
Unrestrained 210 /4 4 |4 |1 13/4

M Tha cover for an individual reinforcing bar is the minimum thicknaess of concrete betwesn the surface of the bar and the fire-

surfaco of the beam. For beams in which several bars are used, the cover is assumed to be the averags of the minimum
cover of tha Individual bars, where the minimum cover for comer bars used in the calculation shall ba reduced to 1/2 of the actual
value. The cover for an Individual bar must be not less than 1/2 of the value given in Tabls 7A nor less than 3/4 inch. -

®See Table 2 for guldance on restrained and unrestrained assemblios. Tabulated values for restrained assembiies apply to beams -

spaced more than 4 fest on center; for restrained bsams spaced 4 feet or less on center, minimum cover of 34 Inch is adequate for

ratings of 4 hours or less.
@For baam widths between the tabulated values, the minimum cover thickness can be dstsmined by direct interpolation.

Table 7 B. MIinimum Cover for Prestreésed Concrete Beams!"

Cover thickness ¢ (inches) for
Restrained or Congcrete - Beam width® fire-resistance rating
Unrestrained® |aggregate type (inches) 1he 112 hr 2hr 3hr 4 hr
Restrained Carbonate or siliceous 8 1172 . 1172 112 | 13/40] 21/20
Restrained Carbonate or siliceous 212 1172 112 112 | 112 | 17/8®
Restrained Sand-lightweight 8 11/2 112 112 | 112 PAL)
Restrained Sand-lightweight 212 11/2 112 112 | 112 | 1580
Unrestrained | Carbonate or siliceous 8 112 13/4 212 | §® -
Unrestrained Carbonate or siliceous 212 . 1172 112 17/8 1 21/2 3
Unrestrained Sand-lightweight 8 1172 112 2 31/4 -
Unrestrained Sand-lightweight 212 112 1172 15/8 2 212

® Minimum cover to nonprestressed reinforcing in prestressed concrete beams shall be detenmined by vatuss shown in Table 7A.

@ See Table 2 for guidance on restrained and unrestrained assembliss. Tabulated values for restrained assemblies apply to beams more than
4 feet on center. For restralned beams spaced 4 R, or less en centers, minimum cover of 3/4 in. is adequate for 4 hour rating or less.

@ For beam width between 8 and 12 inchas, minimum cover thickness can be datermined by direct Interpolation.

“'The cover for an Individual tendon Is the minimum thickness of concrete between the surface of the tendon and ths fire-exposed surface of the
beam, except that for ungrouted ducts the assumed cover thickness Is the minimum thickness of concrete between the surface of the duct and
the surface of tha beam. For beams In which several tendons are used, the cover is assumad to be the average of the minimum cover of
individual tendons, where the minimum cover for comer tendons usad in the caleulation shall be reduced to one-half the actual value. The cover

{for any individual tendon must be not less than one-half the valus given in Table 7B nor less than 1 inch.
©Not practical for 8-Inch-wide beam, but shown for purposes of interpolation.

-
o

<
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Reinforeced or Prastressed Concrate Floor
and Roct Slabs

As previously discussed, the fire endurance of floor and
oof slabs is based on either the heat transmission or
structural failure end point. It is for this reason that code
approved empirical methods require both a minimum
slab thickness to limit heat transmission and a minimum
amount of concrete cover to limit steel temperatures. As
discussed earlier, the fire endurance of reinforced or
prestressed concrete slabs is dependent upon several
factors, such as type of aggregate in the concrete,
concrete cover, and restraint of thermal expansion.
The values for slabs shown in Table 8 represent
minimum required slab thickness and concrete cover
requirements for reinforced or prestressed slabs for
various aggregate type concretes in restrained or
unrestrained conditions. The tabular fire endurances
listed in Table 8 are based on examination of past

Table 8

ASTME 119 test results of slabs with similar cover, restraint
conditions, and concrete aggregate type. The specified
cover for unrestrained assemblies will maintain steel
temperatures below the specified limits of 800°F for
prestressing and 1100°F for reinforcing steel. Again, Table
2 should be referenced when determining whether a floor
or roof is restrained or unrestrained.

Minimum Slab and Concrete Cover Thickness In Inches for
Listed Fire Resistance of Reinforced Concrete Floors and Roofs

Table 8A. Minimum Siab Thickness for Concrete Floors or Roofs®*

Minimum slab thickness (inches)
for fire-registance ratin *Note:

Concrete aggregate typs 1hr | 11/2hr | 2hr 3hr 40" | Notes to Table 4 apply to Table 8 as well,
Sliceous 35 43 50 | 62 | 70 [|Figvre2maybeused inlieu of this table
Carbonate 3.2 4.0 4.6 5.7 6.8
Sand-lightweight 27 33 a8 4.6 54
Lightweight 25 3.1 3.6 44 5.1

Table 8B. Cover Thickness for Reinforced Concrete Floor and Roof Slabs’

Thickness of cover (inches) for fire-resistancs rating

Concrete aggregate type Restrained? _ Unrestrained?

thr 3i2hr 2hr.  3hr  4hr | Thr  1%2hr 2hr Ghr &hr
Siliceous 4 34 4 3/4 34 34 ¥4 1 114 158
Carbonate /4 34 3/4 3/4 3/4 3/4 /4 /4 114 158
Sand-lightweight 3/4 3/4 3/4 3/4 34 /4 4 34 114 11/4
Lightweight /4 3/4 34 3/4 3/4 34 34 34 114 114

Table 8 C. Cover Thickness for Prestressed Concrete Floor or Roof Slabs!

Thickness of cover (inches) for fire-resistance rating

Concrete aggregate typs Rastrained? Unrestrained?

1hr  t12hr 2hr 3hr 4hr 1hr 11/2he  2hr 3hr “4hr
Siliceous 34 3/4 4 4 3/4 11/8 112 134 238 234
Carbonate Y4 34 3/4 3/4 34 1 138 158 21/8 214
Sand-lightweight ¥4 a/4 /4 3/4 3/4 1 13/8° 112 2 21/4
Lightweigh /4 3/4 /4 3/4 34 1 1358 112 2 214

' The minimum thickness of concrete cover to the positive moment reinforcement is given in Table 8B for reinforced concrete
and Table 8C for prestressed concrete.
Table 8 is applicable for solid or hollow-core one way or two way slabs with flat undersurfaces. Slabs may be cast-in-place or
precast. For precast prestressed concrete not covered elsewhsre, the procedures contained in PCl Design for Fire
Resistance of Precast Prestressed Concrete shali be acceptable.

2 See Table 2 for guidance on restrained and unrestrained assemblies. 11
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Concrate Columns

Fire endurance of ooncret§ columns is governed under ASTM E 119 by their ability to carry the applied load under
firetesting. The endurance is affected primarily by the size of the column and aggregate type. A summary of the tabular
code-approved minimum column dimensions and concrete cover requirements is shown in Table 9A and 9B.

Tabie 9A. Minimum Concrete Column Size and Concrete Cover!

Minimum column dimension (inches)
Concrete aggregate type for fire-resistance rating
1hrj11/2hr | 2hr | 3hr | 4hr
Siliceous 8 8 10 12 14
Carbonate 8 8 10 11 12
Sand-lightweight 8 8 9 10.5 | 12

Table 9B. Minimum Sizes of Concrete Columns with
Fire Exposure Conditions on Two Parallel Sides'?

Minimum column dimension (inches)
Concrete a ate type for fire-resistrance ratin
1hr|11/2hr | 2hr | 3hr 4hr
Siliceous 8 8 8 8 10
Carbonate 8 8 8 8 10
Sand-lightweight 8 8 8 8 10

" Minimum Cover for Reinforced Concrats Columns. The minimum cover to the main reinforcement in columns for fire-resistance ratings of
ong hour, ona and ons-half hours, two hours, and three hours shall be 1 1/2 inches for four-hour rating, the minimum cover to the main
ralnforcemant shall be 2 Inches for sillceous aggregate concrete and 1 1/2 inches for carbonate aggregate concreta of sand-lightweight
concrete,

2 Tha minimum dimensions are acceptabie for rectangutar columns with a fire exposure condition on 3 or 4 gides provided sach of two paralial

sides of the column are at least 36

WALLS WITH GYPSUM WALLBOARD OR
PLASTER FINISHES

In many cases drywall, plaster or stucco finishes
are added to concrete or concrete masonry walls.:
While finishes are normally applied for architec-
tural consideration, they also provide additional
fira resistance value. The Codes make provision
for calculating the additional fire resistance pro-
vided by finishes applied to concrete and concrete
masonry walls.

This s then added to the base wall equivalent thickness and
the fire resistance rating Is determined by interpolation of
Table 5 for concrete masonry, or Fig.2 or Table 4 for concrete
as appropriate. The values in Table 11 are essentially the
length of time the various finishes will remain intact when
exposed to fire, thus atfording that amount of additional fire
protection.

it should be noted that when finishes are used 1o
achiove the required fire resistance rating, the
congrete component ofthe wall svstemmust provide

Table 10. Multiplying Factor For Finishes
On Non-Flire.Exposed Side Of Wall

al least 1/2 of the total required rafing. This Is to e o R Mo e e
assure structural integrity. during a fire. oo or Pyt e
Carbonate Weight

Since certain finishes deteriorate more rapidly | Resifsn | Conorts Masomy: | Coneme By (o | Pt
when exposed directly to fire than when on the Cokaraoun Cotemer Cigy or Siats eggu
non-fire side of the wall, two separate tables are  [T————ou= :
required. Table 10 applies to finishes onthe non- | Send Paster 1.00 075 ors 050"
fire exposed-side of the wall and Table 11 to | Gmsum-Sand
finishesonthe ﬁre-exposed side. Table 10 converts m“wmu 128 100 1.00 1.00
the thickness of the finish to equivalent thickness | aypsum venmicue
of the base wall . ' of Peslite Plastor 1.75 150 125 125

1. For Pertiand cemont-sand plaster 5/8° or lcgs in tickness and appled diractly to the concicto mossnsy

on the non-firo sitta of the wall, tho multiplying factor chafl be 1.00.



Tabie 11. Time Assigned To Finish Materials
On_Fire - Exposed Side Of Wall

Finish description Tims, Min.
Gypsum Wallboard
kY- 10
172* 18
5/8° 30
2 layers of 3/8° 25
1 layer 3/8°, 1 layer 1/2* 35
2 layers 1/2° 40
Type X Gypsum Wa!lboa:d
12 25
5/8* 40
Portland Cement-sand plaster
applied directly to concrete masonry See Note 1
Portland cament-sand plaster
cn metal lath
3/4° 20
7/8° 25
1° 30
Gypsum sand plaster on
/8° gypsum lath
12° 35
5/8" 40
4" 50
Gypsum sand plaster on motal lath
4° 50
78" 60
1* 80

1 The actua! Bickness of Pordand cemen and plastar provided R is §/3° o7 less in thicknosa,
may bo inctugted b detarmining the equlvaient thisneas of the masonty foruse iy Tadlo 4.

JOINTS _
BETWEEN CONCRETE WALL PANELS

4

T 1 in dlass
1 Inch Join widlh \ \& %ﬁmm
\ \(\"4; \';,. ~ . Blanket
2 \ ‘\ q Py >4 b}
RN 23t
L] h S — 5 »i3-.C -
\\1 the | N T & o §
,'{I - e LS a
° T= Y (et § 8
. 5 3 4 8 3
Panel Trucknass, Inches 3 "! L'
= -
378 Inch Joun) Width 2
2 |3 l 2 _Carbonate or
\_ H Siiceous Aggregate
\ 3 Concrete
. ‘ \‘ \ @ Sand-Lightwerght
e | e
ALY z .
0 \@ (X e

3 4 5 6 7 8
Panet Thickness, tnches

Fig. 8. Minimum thickness of ceramic fiber blanket
required between precast concrete wall panels to
provide fire resistance ratings of 1 hr. to 4 hrs. (For
joint widths between 3/8" and 1°, the thickness of
ceramic fiber blanket may be determined by
interpolation.)

A common misconception regarding fire-rated
filt-up and precast walls is that they need to be cast
solidly to retain fire resistance integrity. This is not
true. Jointsbetween panels which are notprotected
are to be considered as openings and included in
the percentages permitted such as Table 600 in
the Standard Building Code. However, if protected
joints are required, provision is made for this in
joints up to 1-inch wide by inserting ceramic fiber
blanket material in the joint space. The chart used
to determine the amount of material to be used is
shown in Fig. 8.

CONCLUSION

Calculation of fire endurance of concrete and
masonry members has progressed from pure
research to practical structural design applications.
Further refinements of analytical methods are
going on now, aided in great part by computer
simulations of concrete and masonry performance
under fire-test conditions.

The information containedin this report scratches
the surface on the topic of analytical and empirical
design. The practicing structural engineer will find
references 1, 2, and 3 excellent sources of additional
information on the rational methods for calculating
fire resistance. The engineer, architect, or building
official will find this a handy and usable guide in
assessing concrete and masonry requirements
with regard to fire endurance. Calculation
procedures provide a viable timesaving and cost
saving means of determining a member’s fire
endurance without running full scale ASTM E119
fire tests. Along with savings of time and money,
the building official, architect, or engineer will have
a much clearer concept of how certain variables
affect fire endurance if analytical proecedures are
utilized.

REFERENCES

1. Reinforced Concrete Fire Resistance, Concrete Reinforcmg
Steel Institute, Schaumburg, lllinois, 1980.

2. Gustaferro, A. H. and Martin, L. D., Design for Fire
Resistance of Precast Prestressed Concmte, Pre stressed
Concrete Institute, Chicago, lilinois, 1977.

3. Guide for Detarmining the Fire Endurance of Concrete
Elements, 21 6R-81, American Concrete Insfitute, Detroit,
Michigan, 1981.

4. Fire Salety with Concrete Masonry, NCMA-TEK 35-8,
National Concrete Masonry Association, Hemdon, Virginia.
5. Fire Protection Planning Report Na. 13; Analytical Methods
of Determining Fire Endurance of Concrete and Masonry
Members - Model Cods Approved Procedures - SR 267.01B,
Concrete and Masonry Industry Firesafety Committee, 5420
Old Orchard Road, Skokie, lllinois 60077-4321.



14

- APPENDIX -

EXAMPLE CALCULATIONS

BEAM-SLAB EXAMPLE .

PRing 40" .
The cast-in-place limestone aggregate reinforced - 4  m— jo——ey
concrete beam and slab shown in Fig. 9 form a floor T —si . T
system ina multistory occupancy of Type| construction | '
(SBC). Assume this assembly is required by code to i i Y
have 3 hours of fire resistance. Canitattain this? If not, { o

how can the fire resistance be increased to 3 hours?
[ ‘ '0" I

! 1

7 T

i A ;

AN iR

d % Cover
Lé:tj:mcm

Fig. 9 Carbonaté (limestone) aggregate
cast-in-place - restrained.

.

Solution

Beam-siab systems must satisfy both heat transmission
and structural failure end points. The member shown in
Fig. 9 is considered restrained due to its being cast-in-

.place with framing members.

HEAT TRANSMISSION END POINT
Referring to Fig. 5, the squivalent thickness is determined
using the three equations comparing s (stem spacing) and
t (slab thickness). Replacing 4'-0° for s, and 4" for
t,24t. Thereforet, =t=4"

The reguired slab thickness from Table 8A (or Fig. 2) for
a three hour fire-resistance rating is 5.7 inches; the 4
inches will provide between one-and-a-half and two hours
resistance to heat transmission to the unexposed surface,
not three hours as required.

STRUCTURAL END POINT

Slab. For many cast-in-place concrete slabs, the structural
cover exceaeds cover required to achieve fire resistance.
This is clearly the case with this example where 2 1/4
inches cover is provided versus ‘3/4 inches required by
Table 8B for three hours fire resistance.

Beam. Table 7A, for reinforced concrete beams, specifies
1 inch of concrete cover in 5-inch-wide restrained beams
to attain three hours fire resistance. Note that the example
beams are spaced 4 feet center to center. Footnote one
states that for restrained beams spaced 4 feet or less on
centers, the cover can be reduced to a minimum of 3/4
inches for four-hour ratings or less. The 1 V/2-inch cover
provided clearly satisfies the code requirements for 3
hours fire resistance.

Conclusion

In order to attain three hours fire resistance, the slab must
be made more resistant to heat transmission. The stesel
cover requirements for three hours structuralfire resistance
in both the slab and the beam stem are satisfied.

-. -i .:i-l'-cov"
I- 5:r Ty:&:ol
Fig. 10 Carbonate (limestone) aggregate

cast-in-place - restrained with 1 3/4°
lightweight topping.

In discussing multi-wythe (muitilayer) walls and
floors earlier in the repont, it was shown that significant
resistance to heat transmission could be attained by
considering the effect of layering of materials. This can
be done using Eq. 1 or graphical methods.

In this exampie problem, referring to Fig. 10, a 4
inchbaseslab of carbonate aggregate with approximately
1 3/4 inches of sand-lightweight concrete topping will
provide the additional required resistance to heat
transmission {o attain three hours fire resistance.
Checking Fig. 11 against Eq. 1, the 4° of carbonate
aggregate concrete base slab has 1 hour, 30 minutes
fire resistance (Fig. 2 or Table 8A). Fig. 2 shows that
1 3/4 inches of sand-lightweight topping will provide
approximately 30 minutes resistance to heat
transmission: ’ : '

Using Eq. 1,

R= (R, 053 4 1.7
R = ( (90)°% + (30)%%%)"7 = 186 minutes
(3 hours, 6 minutes)

Therefore the slab system shown in Fig. 10 will
provide three hours fire resistance if a 1 3/4 inch topping
of sand-lightweight concrete is applied.

Carbonate Base

] I ¥ 1 !

THICKNESS OF SAND-LIGHTWEIGHT
CONCRETE OVERLAY, IN

t 2 3 4 s’

Fig. 11 Graphical sclution of multi-wythe
fire endurance '

e
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AGGREGATE TYPE USED IN FLORIDA

Limestone aggregate is most commonly used for both
concrete and concrete masonry throughout Florida with
the possible exception of the Panhandle. in the case of
concrete, limestone falls into the carbonate category
(Fig. 2/ Table 4,6,7,8,9 and 10). However, for concrete
masonry (Fig. 3/Table 5 and Table 10), the classification
ofaggregatesis broken down even further with limestone
placed in a separate category along with cinders and
expanded slag. Granites and “crushed river run®fall into
the category of siliceous for both concrete and concrete
masonry. If aggregate type is in doubt, the information
cangenerally be obtained from the concrete ormasonry
supplier. Aggregate type is important because the
different aggregate type concretes transmit heat at
different rates as can be seen in the above referenced
tables.

MASONRY WALL EXAMPLE

Censider 8° concrete masonry to be usedin wall situations
requiring (A) two-hour fire resistance rating and (B) four-
hour fire resistance rating. Using the code approved
calculation provisions of this publication, determine
whether standard 8° block will attain either of these
required ratings. If not, how can the fire resistance rating
be increased to achieve the requirements specified?

Solution

Checking with the local block suppliers, we find that the
standard block available is 8° normal weight, limestone
aggregate, 50% solid units. Using the formula on page 6
for determining equivalent thickness:
tq = % solid x thickness
=50%x 7 5/8°
=3.8° o
Interpolating Table 5 or reading directly from Fig. 3 for
3.8°t
o
rating:
R = 1.82 hours < both 2.0 hrs. and
4.0 hrs. required
Steps must be taken to increase the fire resistance rating
of the wall.

A. Two-Hour Fire Reslstance Rating

Many different options are avallable to increase the fire
resistance rating of the wall depending upon its location
within the building, its use and the finish applied. Oftenno
special finish other than painting is desired or needed. In
thoss situations Options 1,2 & 3 are appropriate:

Option-1:

Most block manufacturers have a variety of mold boxes
available for concrete masonry, making it feasible to
specify block with greater equivalent thickness. From
Fig.3/Table 5 we findthat4.0" t,,oflimestone aggregate
biock will meet two-hour rating.  This is a viable option
as two-hour fire rated nomal weight block is readily
available across the state. Require 4.0° t,q OF 53% solid
(4.0°+7 5/8") (See Fig. 12).

limestone aggregatewe findthe totalfireresistance

Sto. 8°
block

From Table s

38" limestone agg. = 182 hrs.
40" limestone agg. = 2.0 hrs.
36" lightweight agg. = 2.0 hrs.

Fig. 12.Base wall section.

Option 2:

Specify lightweight aggregate block. Again from Table 5,
3.6"t_ of expanded shale, clay or slate will meet two-hour.
Therelore the' same 3.8° t,, block would satisfy the two hour
requirement if made with lightweight aggregate rather than
limestone aggregate. (See Fig. 12) '

Option 3:

Fill the cores with approved loose fill material such as
expanded shale, clay, slate, or slag, or vermiculite or periite
as shown in Fig. 13. In this case, the wall can be considered
solid for fire resistance rating purposes (see footnote 2,
Table 5) resulting in an equivalent thickness of 7-5/8". This
significantly exceeds the requirements for a two-hour wall.
In fact, it would suffice for four-hour as well (5.9°t,, required
for four-hours per Fig. 3/Table 5). Grouting the cores sofid
effects the same resuit.

—+__.+- 7.5’8'

L‘% A
T
AT

oy
OB e )
AT ~.l-\...-=¢.

5 'Sld. 8"
v imeslone agg.
%*f; block 9
2.
?@e ——— Loose fifl
280 matefial
R ';1,'1
155

Fig. 13. Filing cefls with approved loose il materia or grout resulls
in fire resistance rating of over four hours,

B. Four-Hour Fire Resistance Rating

Four-hour fire rated assemblies, the proceduras are identical to
those above. According to Table 4, 5.9 t,, of limestone aggre-
gate blockor5.1" lightwelght aggregate blockis requiredforfour-
hour (Options one and two respectively). Lightweight four-hour
rated block is approximately 67% solid; normal weight is some-
what higher. Here again, both lightweight and normal weight
four-hour block are readily available in most areas of the state.

Option 3, filling the cores with approved lcose fill material or
grout to meet four-hour has already been discussed in the
example for two-hour in the previous section.

15



A fourth option available, adding finishes to increase fire
resistance rating, as discussed under the section entitled
“Walls with Gypsum Wallboard or Plaster Finishes.”

OPTION 4 - MASONRY WALLS
WITH FINISHES EXAMPLE

The following example deals with the various finishes -
commonly applied in Florida to the basic 8" concrete
masonry wall and code approved procedures to
determine their contribution toward the overall fire
resistance rating.

Sid. v2* drywall

. 1X2 lurring

38" equiv. thick.
limestone agg.
block

Fig. 14. Standard 1/2-inch drywall onjustone si side increases fire
resistance rating by 15 min. {2.07 hrs. total).

Option 4a - Standard 1/2" drywall on one side of the
wall-a common exterior wall section shown in Fig. 14. If
different types of finishes are used on each side of the
wall, then the calculation must be performed twice
considering fire on either side. The lower value obtained
is used as the rating.

1). Check Drywall on non-ﬁre-exposed'

side (NFS) only.

t ,of block (given) = 3.8°

Contribution of 1/2° drywall on

NFS (Table 10-pg.12) =1.00x05° = 0.5°

Total t _ of block and drywall

on NFS = 43"

Fire resistance rating of 4.3"

limestone agg. block (interpolate

Table 5) = 23 hrs.

2). Check drywall on fire-exposed

side (FS).

Block contribution Fig. 3 or

(interpolate Table 5) =1.82 hrs.

Drywall contribution on FS ‘

(Table 11) = 15 min. =0,25 hrs

Fire resistance rating =2.07 hrs

2.07 < 2.3. Therefore 2.07 controls. However, 2.07

hrs. exceeds the 2.0 hrs. required, so standard 1/2°

drywall on just one side of the block wall will meet
16. two-hour.

Optlon 4b - We already know that drywall on just one side '
ofthe given block wall will provide the required two-hour fire
resistance rating. Drywall on both sides will provide even
more protection, so there is no need to check it. However,
since drywall on both sides of a block wall is a common J
interior wall section, the calculation procedure is presented *

for illustrative purposes. Try 1/2" standard drywall on both
sides of the block wall (Fig. 15).

te Of block (given) =3.8"

Contribution of drywall on NFS

(Table 10, pg. 12) = 1.00 x 0.5" =0.5°
t_of block and NFS drywall =43"

F?re resistance rating of 4.3"

limestone agg. block (interpolaté Table 5) =2.3 hrs.
Contribution of 1/2° drywall on FS

(Table 11) =15min. = 0,28 hrs
Total fire resistance rating of
assembly = 2.5 hrs,
A 730 |

Std. 1/2° drywall
(typ.)
1X2 furring
(typ.) i
e 56 o

block i

Fig. 15. Standard 1/2-inch drywall on both sides increases fire ~,
resistance rating by nearly 3/4 hour. Tota! calculated fire resistance
raling is 2-1/2 hours.

4c. Another common wall section Is stucco on the exterior

and 1/2° standard drywall on the interior (Fig. 16). Here
again, since finishes on each side of the wall are different,
the calculation procedure is performed twice, assuming fire
on either side with the lowest value obtained govemlng
1) Assume fire on drywall (Interior) side.

t,, Of block (given) =3.8°
t,, of stucco on NFS (Feotnote 1,
Table 10, pg. 12) = 1.00 x 5/8° =0.62"
t., of block and stucco an NFS =4.42'
Fire resistance rating of 4.42"
limestone agg. block (Fig. 3 or interpolate
Table 5) =242 hrs
Contribution of 1/2° drywall on FS
(Table 11) =15 min. =025 hrs
Rating with fire on drywall side =2.67 hrs
2). Assume fire on stucco side.
t,, Of block (given) =3.8" WX‘“\
t,, of drywall on NFS (Table 10, pg. 12) :
= 1.00 x .50° = 0.50"
t,, Stucco on FS (Table 11) = 5/8" =0.62"
Total e =4.92"



Rating with fire on stucco side
(Fig. 3 or interpclate Table 5 with 4.92°

limestone agg.) =29 hrs.
2.67 < 2.9 hrs. Therefore fire on
drywall side governs with 2.67 hrs.
Total fire resistance rating of assembly =2.67 hrs
7-5/8°
Std. 1/2* drywall
; 1X2 furring
i 38" equiv. thick,
< limestone agg.
. %’ block
58" stucco

Fig. 165tandard 1/2-inch drywall on one side and 5/8° stucco
onthe other side of 38* (o, limestone aggregate blockincreases
the fire resistance rating by 085 hrs. Tota! calculated fire resistance
rating is 2-2/3 hours.

These examples demonstrate the effectiveness of
finishes in contributing to the overall fire resistance of
aconcrete masonry wall. As can be seen, standard 1/
2"drywall on both sldes adds nearly 3/4 hour additional
fire resistance in this case, Stucco exterior and 1/2°
drywall interior effect even better results.

Calculations forutilizing finishes for four-hour rating
are accomplished in exactly the same manner as for
two-hourin Option4 above. However, remember the
requirement that the concrete component of the wall
systern must provide at least 1/2 of the total required
rating when using finishes to achieve the fire
resistance rating. Therefore, the blockitself willhave
to be rated at least two hours unless the walls are
solid grouted.

CONCRETE WALLS WITHOUT AND
WITH FINISHES

Procedures for calculating the fire resistancerating
of concrete walls (cast-in-place, tilt-up, or precast)
are identical to those shown above for concrete
masonry. The only difference is that Fig. 2 or Table
4 is used instead of Table 5. Detemining the fire
resistance rating of concrete walls is generally
easier than for masonry because concrete wall
sections tend to be solid. This means that the
equivalent thickness is the same as the actual
thickness. However, if a form liner or other means
is used to provide a ribbed or undulating surface,
the equivalent thickness is determined as shown
in Fig. 5. Equivalent thickness of hollow-core walls
is determined as shown in Fig. 6.

48° carb agp. — 2he
"‘1_‘1'— 66° carr agy. ~ 4

] .-'1‘;;"' 38° sandfiwt. ~ 2 he
I §4° send wt. — 4 hr.
o8 (From Tabla § or Fig. 2)
i
iy
‘."

4,
‘o
L ]

e
874,

A

Flig. 17. Calculation of fire resistance ratings for concrete walls
is generally easler than for masonry since concrete walls are
usually solld.

For concrete walls with finishes, calculations are
performed identically to those for concrete masonry with
finishes as discussed above, using the appropriate
sections of Tables 10 and 11. As mentioned previously,
the most commonly used aggregate for concrete in
Florida is limestcne which falls into the carbonate
category. Crushed river run and granites used malinly in
the Panhandle fall into the slliceous category.

Joints between precast or tilt-up wall panels in fire
rated walls may need to be treated with ceramic fiber
blanket as indicated in Part Il section entitled °Joints
Between Concrete Wall Panels®. See Fig. 8, pg.13

SUMMARY ON CONCRETE FINISHES

Requiredfire resistance ratings apply tothe entire wall or
floor/celling assemblies. Most block and concrete walls
and floors receive some kind of finish, such as drywall,
stucco, plaster, etc., which adds to the fire resistance
rating of the base walls or floors.

Sometimes a concrete product does not meettha fire
resistance rating required, as in the case of many stan-
dard 8" blocks that calculate to just under a two-hour
rating. Often a one-half inch drywalil or stucco finish on
just one side will provide the additional amount needed
to comply. Finishes on both sides will produce even
higher ratings. The following table gives the rule-of-
thumb for finishes.,

Table 12 Rule of Thumb Increases for Finishes

APPROXIMATE INCREASE
IN FIRE RESISTANCE
RATING (MINUTES)'>
[FINISH  BASE WALL RATING~=> [1hr. |2hr. | 3hr.
1/2° Standard Drywall one side 5] 158 | 15
§/8° Standard Drywall one side 30| 30 | 30
1/2" Drywall both sides 40| 45 | 50
|5/8" Drywall both sides 60 70 | 75
1/2" Stucco ona side 20] 80 | 35
5/8" Stuceo one gide 25 ) 35 | 40
1/2" Stuceo both sides 40| 55 | 65
§/8" Stucco both sides 50| 70 | 70+
1/2° Drywall one side 1/2° stucco ctherside | 35 | 45 | 50
§/8" Drywall one side, 5/8° stuccootherside| 85| 65 | 70

1, Values listod aro for noma’ woight block, Ughtweipht bioek, kmestone of slicoous sggrogate
concroto o cancroto.
2 Values cre approximato only and I MmNy €30S 0o GuRe consorvative.
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This publicationis Intended for the use of professional
parsonnel competent to evaluate the significance
and limitations of its contents and who will accept
responsibliity for the application of the material it
contains. The Florida Concrete and Products
Association disclaims any and all responsibliity for
application of the stated principles or for the accuracy
of the sources other than work performed or
information developed by the Association.

For further information on fire resistance of concrete and concrete masonry and
determining fire resistance ratings by code.approved calculation methods contact

FLORIDA CONCRETE & PRODUCTS ASSOC{ATION. INC.

6353 Lee Vista Blvd. — Orlando, Florida 32822

o 407-895-9333 \A.,,\
o 800-342-0080 (Florida Only) )

o- 407-895-3733 (Fax) CFR 001.1

6/1/92




