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BUILDING COMSTRUCTION INFORMATION FROM THE CONCRETE AND MASONRY INDUSTRIES

NQ. 5 OF A SERIES

An Introduction to Rational Design of
Concrete and Masonry for Firesafety

Introduction

During the past B0 years valuable information
about the lire resistance of concrete and masanry
assemblies has been developed and pathered
from the results of tire tests. This infarmation has
been used lo develop and update building codea
reguiremnents for fire resistance and salety.

Mow there s anather way, called raticnal dasign,
te use this technology to design concrete and
masonry structiuras to withstand the effects of fire.
Rational design, or the analytical procedures for
determining fire resistance, relers (o an enginear-
ing melhod of caloulating the duration that a struc-
tural element can be subjected to a slandard fire
test exposure while performing its function, both
structurally and as a barrier to heal. The calcula-
lions used in this methad are based on United
States and Canadlan standard fire tests and do nel
deparl from curren| fire-resistance criteria

The standard fire test for materials and con-
struction used in the Uniled States s ASTM E119,
In Canada it is ULGC S101.*

Rational Design for Fire Protection

While not intended 1o replace the results obtained
trom tests or the listed fire-resistance ratings that
have been used successfully for many years, ra-
tional design reduces the need for further fire (est-
ing of mast types of cancrete floors and roofs, and
concrete and masonry walls. |t can also be used
to consider the effects of a large number of vari-
ables in determining structural fire endurance.

Designing struclures for fire resistance in the
same manner that structures are now designed to
resist gravity loads and lateral loads is the logical
exiension of present-day structural enginearing.
Using analytical procedures, all components in a
structure can be designed (o have a unitorm de-
gree of fire resistance The designer can evaluate
the fire resistance of many diflerent assemblies by
caleulation rather than by test.
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FIG: 1, Ratonal design was used in 19685 o provide adequale
lire regstance for the offices ol he Department of Housing and
Urban Development in Washington, 0.C

Technigues are available for accuralely pre-
dicting the lemperatures within congrete elements
exposad ta lire. Either computer programs ar em-
pirical charls can be used

Meeting Today's Needs

Rational design of concrete and masonry for fire
safety is an extension to lesting in accordance
with ASTM E118, ULC S101, and the use of listed
fire-resistance values, Rational-design methods
can eliminate the need for same costly tests. In
many cases they will allow a realislic considera-
tion of the effect of a number of variables not in-
cluded in test specimens




Factors Influencing Fire Resistance

Many factors must be considered 1o determine the
affects of fire on concrete and masonry. Same ol
lhe more imporlant tactors ara

|. Type of concrete (aggregates used) ar othar
matarials

2 Cross-sectional dimensions of the structural
alemenl

3 Type of reinforcement
stressed, etc.)

4 Type of support—whether simply supported,
continuous, and/or restrained, load bearing or
nonload bearing

5. Magnitude and distribution of load

6. Duration and severily of fire
Basic information on behavier of concrele and

masonry structures during fire expasure is avail-

able from fire research work canducted in North

America and Europe.

Considerable research data are available on
expansion and other physical properties of con-
crete, masonry, and steel &l high temperatures.
Similar data are available on the fire-resislive (pro-
tectivae) properties of other materials used in com-
binalions with concrele and masanry, Fig. 4 shows
typical curves for the influence of temperature on
the strength of concrete and steel. By knowingthe
temperalure distribution within the concrele ele-
ment and applying the corresponding material
sropertles, structural enginearing principles can
be used o analyze lhe structure, Less complex
data that enables an assassment of temparature
rise on the unexposed face of lloar or wall element
Is also avallable

(conventional. pre-

Designs Depend on Support Method

Tests of simply supported, reinforced (or pre-
stressed) concrete beams and slabs have clearly
shown that the structural capacities of beams and
slabs can be accurately calculated tor any given
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FIG. 2. Trese graphs show how the results of fire fests and fa-
fiongl-design procedurés can be combined 10 fofm design
aids, By evalualing ihe affects of cover and load, a rational
solulion can be aoained

FIG. & Tosting of bearms in furnacas Such as this provides val
uable basic fire-resistance dala bul s costly

exposure period. Because the strength of the rein-
torcemaent diminishes during a fire |esi, the struc-
tural capacity also diminishes. Data are avallable
that permit designers to determing the tempera-
ture of ithe reinforcement for any given fire-expa-
sure duration. From data on strength-temperalura
relationships tor reinforcing (or prestressing)
steels, and from strength-design procedures, the
structural capacities are calculaled (see Fig. 2)

However, for continuous (statically indetermi-
nate) concrete slabs and beams, thermal detfor-
mations occur that cause changes in stresses in
the reinforcement. Stresses in the bottom rein-
forcement near midspan diminish while slresses
in the upper reinforcement over supports increase,
This redistribution of stresses increases the fire
endurance of reinforced concrete continuous
members and frames because the upper bar re-
inforcement is located farther from the fire, thus
retaining Ils strength better than the boltom sleel
The concrete can readily accommaodate changes
or redistribution Of compressive siressas.

Restrained and Unrestrained

Restraining & specimen during a lire lesl means
that thermal expansion of the specimen is restrict-
ed. Unrestrained testing allows the specimen to
expand. This makes a ditference in the testresults
and in the determination of the reporled fire rating
for a building assembly. Floar or roof specimens
that are restrained generally pertorm belter than
when they are unrestrained.

Due to tha monolithic characteristics ol con-
crele construction, most concrete structures are
framed in @ way 1hal provides considerable bene-
ficial restraint and improves fire endurance.

Estimating the Fire Endurance of Walls

In most cases the fire endurance of walls |s deter-
mined by the fire test criteria for temperalure rise




of the unexposed surface (side of wall nol ex-
posed to fire), Theoretically, the tlime at which a
given temperature will be reached an the unex-
posed surface of a solid wall of a given malerial
ihat is subjected 1o a heat source varies as the
sguare of the wall thickness.

Resulls of fire tests of concrete ormasonry walls
show that the test time al which a given lempera-
ture rise oecurs is not related to the square of the
thickness, bul rather to a power somewhal lower
than two. For solid walls of a given material it was
found that an increase inthickness of 508 result-
ed in a 100% increase in firé endurance. Thus the
fire endurance,; A, of masonry walls ganerally var-
ies according to the thickness, I, raised 1o the 1.7

POwWer: R ="

where ¢ is a constant for each material,

Tests have also shown that the same formula is
appropriate for masonry walls made of cored
black or brick in which { is Ihe equivalent thickness
of the unit, that is, the nel volume divided by the
face arsa of the unit exposed (o fire.

Further tests {Ret 4) showed that the same
hasic relationship ¢an be used to delermine the
fire endurance of multiwythe walls:

R = (A0S + RIS ..+ RoM)LI

where A = fire endurance of lhe composite wall in
minutes. and Ay, R, A, = the fire endurances of the
individual wythes in minutes

This method of calculation is widely accepled,
and can be very useful in evalualing Ihe lire ra-
sistance of existing walls and in determiring mod-
fications that can be made lo these walls to in-
crease their tire resislance

Building Codes and Rational Design

Most bullding codes contain provisions that per-
mit the use of allarnate materials and methods of
construction. As a service to bullding officials, the
code-writing organizations in the United States
{Building Officials & Code Administrators Inter-
national, Inc.; International Canference of Building
Officials; and Southern Building Code Congress
International, Inc.} have research commitlees that
evaluale the alternale materials and methods, The
evalualions are printed in research reporis.

n August, 1977, the Research Commitlee of
ICBO approved a research report that permits the
use of rational design as an alternale to testing for
determining the fire endurance of precast, pre-
siressed conorete floors, roots, beams, and walls,

The state of Wisconsin has permitted analytical
procedures {or determining the fire resislance of
structural compenents since 1970. Code provi-
sions adopted in 1970 were the first af this nature
in the United States. The Wisconsin Department af
Industry, Labor and Human Relations now rouline-
Iy processes designs for fire resistance: in much
the same way thal it processes dasigns for struc-
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FIG. 4. Typical curves shaw mfluance of lemparatune on th
sirength o concrele and steel. This mlarmalicn 1S used 1or ra

tonatl-design calculalions

FIG. 5 To study the: naturg ol festrainl i concrold Noons ang
roofs during hras, Portland Coemont  Association built this
iy foor furhace. Phologragh shows porticn of the fioor-fur
Aace oquipman above floor level Elemants on lour sides ol

gcanen serve to suppoart specimen and provedo resteaint o
thermal exdpansion

tures for gravity and lateral forces

In a similar manner, Insurance Services Office
{I50) permils rational design methods as an alter-
nate for establishing fire insurance rates on un-
tested assemblies.

It is foreseeable that bullding codes in the future
may also reguire the use of rational design lor



determining the fire endurance of structures as a
part of structural-stability calculation

Building officials, fire officials, insurance rating
agencies, architects, engineers, building owners,
and governmenl agency personnel should be
aware of this technology.

Summary

Fire tests on walls, floors, columns, and roofs as
well as the performance of actual buildings infires
have demonsirated thal concrele and masonry
are highly fire-resistant materials. Much informa-
tion has been developed from these tesls aboul
the factors that determine the lire resislance of
concrele and masonry assemblies

This research information, logether with the
analytical procedures now available, make Il pos-
sible to calculale the fire endurance ol concrete
and masonry components of a building.

The procedure, known as rational design, is be-
coming an accepted means of designing for struc-
tural liresafely. Rational design
1. Provides reliable fire-endurance information

based on past research and application of

structural enginearing principles.

2 Provides opportunities for more economical
consiruction because the designer, can evalu-
ate several possible solulions such as changes
in cover thickness, slab thickness, quantity of
reinforcemeant, and can modify designs wilh
changing requiremenlts or conditions.

3. Provides a method of determining lire resist-
ance wheare no lests are available.

Applying well-established engineering princi-
ples and research dala to a rational design meth-
od for structural behavior s a varsatile approach
far evaluating the effects of fire on concrate and
masonry structures.
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This publication is intended for the use of professional
parsonnel compaetent 1o evaluate the significance and limi-
tations of its contents and who will accept responsibllity
far the application of the material it contains. The Partiand
Cemenl Association disclaims any and all responsibility
for application of the stated principles or for the accuracy
ol ihe sources ather than work performed or information
developad by the Association.

PORTLAND CEMENT I.IE ASSOCIATION

-'mm-pui.uliundrnn!l!umiulumiIﬂ-irlpvllﬂdntlilhmﬂmwmldmwmﬁmmﬂmﬁmﬂkﬂm#nmmml

5420 Old Orchard Road, Skokie, Hlinois 60077

Printed in LS A,

SA206.018



