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Separating the Structural Fire Resistance and
Barrier Fire Resistance End Points

INTRODUCTION

ASTM E119 “Standard Methods of Fire Tests of
Bullding Construction and Malerials” is the recog-
nized standard in the United States for determining
fire-resistance ratings of building members and
assemblies. The three model building codes in the
United States, the BOCA Baslc National Building
Code, Standard Bullding Code {(SBC), and Unitarm
Building Code (LUBC), either adopt ASTM E119 by
reference or, inthe case ot UBC, Lse It as lhe basis
for developing a separate slandard, Compliance
with lire-resistance ralings specilied in each af the
model codes 18 based on testing in accardance
with the procedures of ASTM E119.

ASTME119contains procedures for determining
both structural and barrier fire-endurance end
points. In the case of building elements, such as
beams and columns, the slandard requires the
determination of a structural fire endurance only
since these members are not inlended 10 perform
as fire barriers. For bearing walls, floors, and roals
which are required lo serve as siructural assam-
blies and may be required to perlorm as fire barri-
ars, ASTM E119 specifies test procedures for
determining both the structural and the barrier
fire-endurance end points. However thefire endur-
ance of these assemblies is based only an the
first end point reached, Thus a bearing wall, floor,
or rool assembly reaching the barrier end point
first may still have the capacity 1o perfarm structur-
ally fer a langer period of time.

For example, there are numeraus assemblies,
rated for one or two hours based on thelr barrier
fire endurance, which may possess structural fire
endurances of three or four hours or more, Since
the fire endurance of these assemblies is based
only on their barrier end point, the reserve structur-
al capacity is not recognized,

There are many siuations in bulldings where
assemblies need perform only one of these wo
funclions. However, an assembly selected by an

engineer of architect to meet a structural fire-
endurance requirement may have achieved Its
rating based on fire-barrier performance and may
actually possess signiticantly mare structural ca-
pacity than is required. This results in the ineffl-
cient use of bullding materials, wasted construc-
tion time, and unnecessary construction and man-
power cosls.

This Fire Protection Planning Report examines
the |ustification for distinguishing betwaen structur-
al and barrier fire resistances of wall, floor, and
roof assemblies, Examples are prasented 10 dem-
onstrate that the difference between structural fire
resistance and barrier fire resistance Is already
implied in the model codes, although it is not
stated explicitly. Construction-cost savings that
would result from separating structural fire resist-
ance and barrier fire resistance are also demon-
sirated. Finally, changes 1o ASTM E119 and the
model codes that are necessary to bring about the
separation of structural and barrier end points are
recommendad,

Provisions of ASTME119

ASTM E118 "Standard Methods of Fire Tests ol
Building Censtruction and Materials” specifies
procedures and criteria for determining the fire
endurance ol bullding assemblies and structural
elements. Teslt specimens are subjected o the
standard time-versus-temperature conditions
shown in Fig. 1.

Members and assemblies serving both fire-bar-
rier and structural fire resistance funclions such
as bearing walls, floors, and roofs ara rated based
on the following performance or end-point criteria:
1, Temperature on the unexposed surface of the

lest spacimen must nol excesd an averagerise of

250°F ar a single paoint rise of 325°F.

2. The lesl specimen musl nol permit passage
of flames or gases hot enough to ignite cotlon
wasle material an the unexposed surface.




3. The tesl specimen musl carry all applied loads
and/or restraining forces developed throughout
the test.

In some cases, test specimens musl satisly
additional criteria. Walls achieving a rating of ane
hour or greater must resist the cooling, impact,
and erosive effecls of a water hose stream. In
some structural steel floor and roof assemblies, as
well as some reinforced concrate floor and roof
assemblies, limits are placed on steel tempera-
tures to ensure structural stability, Fire endurance
Is presently determined based on the limitations
imposed by any one of the three primary end-paint
criteria stated above, or the additional criterla
related 1o steel lemperatures or the hose-stream
test,

Critaria 1 and 2 above form the basls for deter-
mining the barrier fire resistance ol an assembly,
Criteria 3 and additional steel temperature limita-
tions combine to form the basis lor determining
structural fire resistance, The first end point
reached determines the fire-endurance period,
The hose-siream test is applied to 2/l bearing and
nonbearing walls achieving a fire endurance of
one hour or greater,

Model Code Requirements for Fire

Resistance

Although not explicitly stated, there are four rea-

sons why building codes specily fire-resislance

ratings for building members and assemblies

These are

1. To provide for the safe egress ol building
poccupants,

2. To provide time for the fire service to mount an
interior fire attack

4, Ta limit fire spread through and maintain the

structural integrity of the building of fire origin,
4 To provide protection for exposed properties

adjacent to the building of fire origin.

When the member or assembly being consid-
ered is an exterior wall, he required rating Is
dependent on whether the wall s a bearing wall ar
a nonbearing wall and on separalion distance
from adjacent praperty lines.

As slated earller, the rationale for distinguishing
between structural and barrier fire resistance |s
aiready present in the model codes. Althcugh not
stated explicitly, it can be deduced by analysis of
current model-code provisions. This can best be
illustrated by the following example.

Cansider the hypothetical building shewn in Fig,
2. Assume thal this is a single-story tactory build-
ing (sea Flg. 2 for occupancy classification) con-
slructed of the mos! fire-resistive construction
recognized by each model code. The reguired
fire-resistance ratings for each wall would be as
shown in Table 1.

The numbers and abbreviations shown in pa-
rentheses in Table 1 represent limilations on the
area of protected and unpretected openings
allowed in the wall, Limitations an pratected and
unprotected openings indicate thal an assembly
must perform a fire-barrier function.

For illustrative purposes, the specific provisions
cantained In the Standard Building Code will be
examined. The conclusions drawn from the ex-
ample apply lo the BOCA Basic/National Build-
Ing Code and the Uniform Building Code,

Focus tor @ moment on wall A-B, a non-load-
bearing exterior wall located 40 ft from the lot line,
The required fire-resistance rating of this wall is
zero. Mo structural fire-resistance rating is required
since the wall is non-load-bearing, No barrier fire-
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Table 1. Required Fire-Resistance Rating for Exterior Walls

Fire-resistance rating, hr
Wall
A-B B-D C-0 A-C

Model Construction | Mon-lpad-bearing | Load-bearing Mon-load-bearing | Load-bearing
code type 40-ft separation 40-11 separation 4-ft separation 4-ft separation
BOCA' 14 D (NL) 4 (NL} 1 4

Unexposed Unexposed (15% P. UP (15% P, UP

surface surface opanings not openings not

temperature tamperature permitted) parmitted)*

criteria walved criteria waived

{per section {per section

1406,.2.4) 1406.2.4)
sBC? I 0 (NL) NC 4 (ML) NG 21(10% P 4 (10% P)
uBcC? I-FR D (NL UP) 2 (50% LIP) 2 [0%) 4 (0%}

P = Meximum area of profecieg opanings
UP = Maximum area of uspholecied openings
NL = Mo imit on openinga
NG = Noncombustibla

| Darived using provisions of Table <01 and Soction 1408 from BOCA 1984 with 1888 Accumulatve Supplement

2 Derved using the provisions of Teble 600 fram SHC-1565

A Derlvad using provisions ol Tables 5A and 17-A. Sections 1803 and 504 of the Lindoom Budlding Code 1082
4 Unexposed surtace lemperatund fise requirsmends of ASTM E 119 do nol apply provided corection & made for radiation from

the unexposed exlerior wall surfece per sachon 14062 4




resistance rating is required since the wall Is
located at a code-assumed "safe dislance" from
the lot line, Also note thal there is no limit an
unprotected openings, further indication that no
fire-barrier function Is required.
Compare this with load-bearing wall B-D, which
Is required 1o provide a four-hour f{ire-resistance
rating. Like wall A-B, wall B-D s located 40 ft from
the adjacent lot line. However, unlike wall A-B, wall
B-D Is a load-bearing wall. Since 40-ft harizontal
separation exists and no limit is placed on open-
ings, It can ba concluded that wall B-D, ke wall
A-B, needs no barrier fire-resistance rating. Il can
be daduced that the four-hour reguirement for wall
B-D is a structural fire-resistance requirement.
Mext, consider wall C-D, which s an exlericr
nonbearing wall located only 4 it from the adjacent
let line anc required to have a two-hour fire-resist-
ance rating. Since wall C-D is nonbearing, it |5
apparent that the two-hour rating Is a barrier fire-
resistance rating related to the close proximity of
wall C-D o the lol line. This is reinforced by the fact
that all cpenings are required to be protected and
are limited to a total of 10% of the wall area,
Finally. consider wall A-C, which Is a load-
bearing wall located only four feet from the adja-
cent |of line, The required barrier fire-resistance
rating and limits on openings for wall A-C would be
the same as wall C-D since they are both within 4 ft
(sma SBC-1985, Table 600) from their adjacent Iol
lines. However Ihe required fire-resistance raling
for wall A-C is not two hours as for wall C-D but four
hours, the same as for load-bearing wall B-D, It is
obvious that the four-hour rating requirement for
wall A-C is a struclural fire-resistance reguira-
menl, nal a barrier fire-resistance requirement,
This example demonstirates that the rationale
for distinguishing between structural fire resist-
ance and barrier fire resistance already exists in
the model codes.

Benefits of Separating Structural and
Barrier Fire-Resislance End Points

Distinguishing belween structural and barrier fire-
resistance ratings In ASTM E119 and the model
codes would eliminate material waste and Increase
construction economy. The following examples
llustrate some specific cases where significant
benelils would be realized,

Precast Concrete Wall Panels

Load-bearing precast, prestressed double-1es wall
penels are utilized extensively for industrial and
commercial censtruction. Double tess can be
constructed with flanges as thinas 1.5 in. and still
maintain a two-hour structural fire-resistance rat-
ing. However, in order to achieve a two-hour fire-
resistance rating under current provisions of ASTM
E119 and the model codes, a minimum flange
thickness of 4.8 in. for normal weight concrele or
2.6in. for structural lightwelght concratais required.

It & two-hour fire-resistance rating is required for
structural reasons only, a savings of 3.1 in. of con-
crete (4.6in, = 1.5in.) would be realized if the double
tee had separate ratings for structural fire resist-
ance and barrier fire resistance. Considering that
the value of a cubic yard of normal-weight con-
crete cast In the precast plant is approximately
§75, the Increased cost of constructing the panel
with & 4.6-in. flange is about $0.70 per sqg ft of wall.
For a 200x400-ft building with 30-ft high walls this
would result in a material cost savings of $26,000.

Furthermore, the additional concrete increases
the weight of the double-tee panel by over 35 b per
sg ft which results in increased foundation costs
and increased cosls for transportation and han-
dling at the jobsite.

Tilt-up Wall Panels
Tilt-up wall panels are also used for industrial and
commercial construction in many paris of the
country. A panel thickness of 8.5 in. is frequently
used. The structural fire resistance of a 55-in.
tit-up panel of normal-weight concrele typically
exceeds four hours, whilelts barrier fire-resistance
and point ooccurs between two and three hours.
Currently, it a four-hour rating s required, the
thickness of the lil-up panel would have to be
increased to as much as seven inches to satisfy
the barrier fire-resistance criteria of ASTME118.1f
the four-hour rating is required only for structural
consideratians, the additional panel thickness |s
unnecessary since a 5.5-in, till-up panel already
has a four-hour structural fire-resistance rating.
The potential benelits from determining both a
barrier fire-resistance rating and a structural fire-
resistance rating are obvious.

Recommendations

In view of the materlal savings and economic
benefits that would become paossible by differen-
liating betwaen the structural fire resistance and
barrier lire resistance o! bullding members and
assemblies, it Is recommended that ASTM E119
"Standard Methods of Fire Tests of Building Con-
struction and Materials” ard the three modal
codes be revised to make this distinctian,

Modification of ASTM E119

Provisions lor determining structural fire resist-
ance and barrier fire resistance are already con-
tained in ASTM E 119. The only revision needed is
to Include wording allowing the determination of a
raling for each rather than establishing a single
rating based on the first end point reached. This
can be accomplished by revising the tollowing
articles of ASTM E119 as indicated.

2.3.1.4 Forload-bearing elements, establishmenl
of separate fire-endurance classifications
based on conditions outlined in 2.3.1.1
231.2 and 23.1.3.




B2 For the purpose of obtaining additional

perfarmance dataintests of load-baaring
walls, floors, and roefs, when the fire endur-
ance classification is established by con-
ditions described in Sections 2:3.1.1 and
2.3.1.2, the test may be conlinued, pro-
vided no structural tallure has occurred or
no hazardous condition exisls, until a
separate structural fire-endurance classi-
fication is established,

Commentary lo 8.2
Establishment al a separate fire-andur-
ance classification for each of the condi-
tlons outlined In 2.3.1.1, 23.1.2, 23.1.3
allows fire endurance to be classilied
according to the function required of the
elernent under consideration by building
codes. Load-bearing exterior walls with
adequale separation Irom |ot lines, ar with
allowances for unprotected openings, may
not be required by codes to perform bar-
rier fire-resistance functions. These meam:-
bers are required to maintain structural
integrity during fire but, due to separation
dislance and other code provisions, are
not requiredto limit fire spread due to heat
transmission or passage of hot gases,
Load-bearing elemants recelving thelr
fire-endurance classification based on
canditions describedin2.31.1and2.3.1 2,
but whose function s to provide structural
fire resistance, may be classified accarc-
ing to thelr fire-resistive function within the
bullding.

96 Exception: When separate barrier and

structura! fire-endurance classifications
are established, as described In secticn
8.2, the hose-stream test shall be con-
ducted after subjecting a specimen to a
fire-exposure tesi for a period equal to
one-half the desired barrier or structural
fire-endurance rating perioc but not to
exceed one hour

Table 2. Revised Fire-Resistance Ratings:
Sliructural/Barrier

Revision ol Model Building Codes

The only revisions required in the model codes
would be lo specity both a structural fire-resistance
rating and a barrier fire-resistance rating for building
elements where presently only one rating is speci-
fled, This would be accomplished by revising
Table 401 of the BOCA Bullding Code, Table 600
of the Standard Building Code, and Table 17-A of
the Unifarm Building Code. Instead of indicating a
single fire-resistance rating requirement, a dual
designation would be shown. For example, the
fire-resistance rating for extericr bearing walls in
Type | canstruction {(SBC) over 30t from the adja-
cenl properly line would be designated 4/0 (i.e,,
four-hour structural fire-resisiance rating, 0 hours
fire-barrier resistance rating). If this were done, the
fire-resistance ratings shown in Table 1 for the
example building shown previously would be
revised as shown In Table 2. Limits to protected
and unpretected openings would be applied where
barrier, or structural and barrier, fire resistance is
required.

Conclusions

Allawing both struciural fire-resistance ratings and
barrier fire-resistance ratings to be determined for
lcad-bearing walls will make possible significant
savings in materials, labor, and construction time.
The rationale for making this distinction is already
present in the model codes, although nat explicitly
slated.

In order to take advantage of the potential sav-
ings, two changes should take place. First, ASTM
E 119 should be revised to allow specific determi-
nation of both a structural fire-resistance rating
and a barrier fire-resistance rating. Criterig for
datarmining both types of ratings are already spec-
itied. However, only one rating is currently recog-
nized based on the first end polnt reached.

Second, required fire-resistance ratings speci-
fied in tha model codes should be modified 1o
indicate both & structural fire-rasistance rating and
a barrier fire-resistance raling. This can be accom-

Fire-resistance raling, hr
Model | Construction | MLB wall | LBwall | NLB wall | LB wall
code type A-B B8-D c-D A-C
BOCA 1A 0/0 40 478 ] 41
SB8C | 00 4/0 o2 4/2
uBCc I-FR 00 270 o2 4/2

NLB = Non-load-baaring
LB = Load-pearing



plished by adopting a rating format such as 4/2 to
specify a four-hour structural fire resistance anda
two-hour fire-barrier resistance, Currently only
one rating requiremeant |s indicated.

Onafinal note, there may be concern that adopt-
ing a rating system that distinguishes between
structural and barrier fire resistance is unfeasible
because it would nullify the results of all previous
tests conducted under ASTM E 118 Thisis notthe
case. Previously rated assemblies would meraly
be assigned a dual rating determined by [he eno
point which governed ils test.

For example, it a load-bearing wall received a
two-hour rating based on unexposed surface
lemperature rige or passage of hot gases, its per-
formance as a fire barrier would be assigned a
rating of 2/2 to indicate both a struciural and
barrier fire-resistance rating. This would be consery-
ative since the fire test would have confirmed a
structural fire resistance of al least two hours. The
oplion to establish a greater structural fire-resist-
ance rating through retesting or through approved
analytical calculation procedures would then be
available,
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