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Part | - A Perspective on Fire Limiis
INTRODUCTION

Fire limits, also referred to as fire districts or fire zones,
were eslablished years ago 1o profect against large
desiruclive fires (conflagrations) in buill-up areas. As
the use of fire limits diminished or disappeared
altogether, the gap in fire protection was to be filled
through the implementation of appropriate building code
provisions. An examination of today's model building
codes shows that these replacement provisions have not
adequately satisiied this objective. The deficiency lies
in the failure of codes to properly address the extenor
Ignition of buildings due to radiant heat energy or direct
flame contact. Recommendalions correlating
reguirements of sei-back dislances and opening
protection for buildings having either combustible
exterior walls, or exterior walls with combustible veneers
are proposed in this report as corrective action.

BACKGROUND

Historically, there are many cases of cities having been
virtually consumed by fire. Some cities have
experienced more than one such devastaling fire.
Almost everyone is familiar with the Chicago fire of 1871,
and the fire that followed the great San Francisco
earthquake in 18068. Less renowned, but equally
disastrous fires occurred in London in 1136 and 1666,
and in Baltimore in 1873 and 1904. The list could
continue, but that would serve ng useful purpose other

Combustible exterior walls and cladding are more conducive to
contlagration development than are buildings ol
noncombustible construction. Mote the presence of three
separate ignition poinis on the combustible facade.

than to more graphically illustrate the fire problem that
confranted earlier generations.

In response to these disastrous fires, cifies began to
adopt construction standards intended to reduce the
likelihood of conflagrations. These standards, in early
years, focused on requiring masonry chimneys and
prohibiting thatched roofs. While these requirements
reduced the risk of a chimney fire from extending beyond
the chimney, and helped decrease the potential ignition
of a highly combustible roofing system from flying
brands, they did little to reduce the consequences of
accidental fires originating from either within or oulside
the building. If a fire advanced beyond the limited



capabilities of the manual fire suppression farces of that
time, widespread destruction generally followed.

Laws next focused on regulating other aspects of
building construction, in particular, exterior walls. Cities
began to mandate that exterior walls and party walls be
constructed of masonry. Presumably, this would allow
the building of fire origin to be consumed while the
exterior walls remained standing. Conceptually, this
would limit fire spread and prevent conflagrations that
were once commonplace. Zone boundaries were set up
to designate areas where these requirements would
apply.

As building codes became more prevalent, fire zones
were franscribed into the codes and, in fact, were
included in the first (1905) edition of the Building Code.”
By the middle of the 20th century, the three model codes,
which were being used as the basis for an increasing
number of local building codes, also contained such
provisions.

THE DECLINE OF FIRE LIMITS

Fire limits were developed on the basis that they would
be applied to those areas with highly congested
business, commercial, manufacturing, and warehousing
uses, or areas in which such uses were developing.
"Highly congested” was typically defined by an area
consisting of at least two contiguous blocks, exclusive of
sireets, having at least 50% of its land area built up. In
some cases lhere were provisions for fwo such districts.
The first district being described as above, and the
second possessing idenlical characteristics, except that
residential use areas could be included within the
boundaries. In the late 1970's and mid 1980's, how-
ever, fire limits provisions were deleted from two of the
three model codes. Today, only the Standard Builaing
Code'? (SBC) retains fire limit provisions, but the
chapter containing them does not have to be mandatorily
adopted with the rest of the code.

Many reasons can be cited for the demise of fire limits.
First and possibly foremost is the fact that many
jurisdictions misapplied the provisions to areas that were
much less densely developed than was contemplated.
The reasons for this misapplication are many; ranging
from a lack of understanding of the intent, to overlly
forcing a maore fire resistive type of construction

"  The Building Code '"! was first published in 1805 by the National
Board of Fire Underwrilers, now known a&as the American
Insuranca Association (AlA). Subseguently, it was abandaned by
the AlA and the lile was givan lo the Building Officials and Code
Administrators Intermnational, Inc. (BOCA), |n 1984, BOCA
renamed ils BOCA Basic Building Code 1o tha current
BOCA/MNational Building Code'™ (BNBGC),

molivated by the prospect of betler insurance rates.

Large-scale migration of city dwellers to the suburbs after
Word War Il is likely to have also played a role. During
the 1970's, commerce and industry had followed this
trend, and shopping centers and business parks with
large open areas replaced contiguous rows of buildings
that were popular and typical of the earlier city model.

Thus, when the building concentration in cilies
diminished, the risk of a conflagration decreased along
with the need for fire zones.

As lire protection engineering principles were
becoming more widely applied in building design, it was
argued that preventing building-to-bullding fire spread
should be a goal of the code for the entire jurisdiction,
and not just in those areas designaled as fire limits. In
theory, if principles of fire protection were applied across
the board, fire limits would not be needed. The result
was a de-emphasis of fire limits in favor of utilizing other
means 1o protect against conflagrations. Some of the
mechanisms that were left in place 1o fill the protection
gap included restrictions on types of construction, height
and area limits, fire resistance rating and opening
protection requirements for exterior walls, elc.

While there have been valid arguments to eliminale
fire limits, adequale safeguards have not been
substituted in codes 1lo protect against
building-to-building fire spread that can lead to a
conflagration. The remainder of this repor will focus on
this issue and provide recommendations for correcling
the deficiencies.

Part Il - The Need for Improved Conflagration
Protection in Model Building Codes

A SCIENTIFIC LOOK AT PREVENTING
BUILDING-TO-BUILDING FIRE SPREAD

Some of the oldest laws requlating the construction of
buildings required exterior walls to be of masonry. This
represents a classical spedification provision. As new,
alternative materials were developed, however, a
method had to be devised to permit the use of these
materials. Atihe same fime, it was necessary to provide
reascnable assurance that fire conlainment would be al
least equivalent to that provided by masonry.

With the development of the ASTM E118 test method,
although originally applicable only to fire testing of floor
assemblies, came the answer. This permitied
performance fype provisions reguinng minimum hourly
fire resistance ratings in lieu of specifications requiring
masonry walls, In general, the required fire resistance
ratings were a function of the type of construction and
the distance to lol lines.




To prevent building-to-building fire spread via the
exterior walls of a building, the wall must posses the
following attributes:

1 It must withstand the burnout of the building
contents, while continuing to support its own weight
and other gravity loads that are dependent upon the
wall for support.

2 It must not conduct enough heat through the wall to
ignite combustibles attached to the opposite side of
the wall, or located in close proximity to the wall.

3 It must retain its integrity so that cracks or fissures
do not develop sufficiently wide to allow hot gases
or flames to pass through the wall and ignite
combustibles attached to the opposite side or in
close proximity to the wall.

4 Openings, such as doors and windows, must be
limited so that radiant energy is not sufficient to ignite
combustibles attached to the exterior of an adjacent
building.

5 When combustible cladding is attached to the
exterior wall, the building must be located a sufficient
distance from a neighboring building to insure that
radiant energy from a fire in the neighboring building
will not ignite the cladding.

Items 1 through 3 above are evaluated by subjecting
awallto the ASTM E119') standard fire test to determine
its fire endurance classification time period, or its fire
resistance rating. The rating required should be related
to the estimated time that it will take an uncontrolied fire
to consume the combustible contents of the building.
Obviously, this will vary from one building to another.
Although it has been recognized for many years that the
"fire load equals fire duration" relationship developed by
the National Bureau of Standards in the 1920’s is no
longer valid for estimating fire intensity, the relationship
may still be useful in correlating the required fire
resistance ratings of exterior walls with the anticipated
fire load of various use groups or occupancy
classifications. A more detailed discussion of when fire
resistance rated walls should be required is presented
later in this report.

Items 4 and 5 take into account the protection of
buildings against a radiant heat exposure. The first
consideration is to limit the area of openings in exterior
walls (windows and doors) of the exposing building so
that the radiant energy emitted through them during a fire
is not sufficient to ignite combustible cladding on
adjacent buildings.

The amount of radiation being received at a point (the
target) from a burning building is determined from the
following formula:

Ir=1e- ¢
where

Eq. 1
Ir = radiation being received
Ie = radiation being emitted
= configuration factor

Forthese calculation purposes, itis generaily assumed
that the radiation being emitted, Ie, will be at least 179
kW/mZ. This value was used to establish the limitation
on unprotected openings in the BNBC, as well as those
corresponding to "moderate” severity of NFiPA 80A -
Recommended Practice for Protection of Buildings from
Exterior Fire Exposures.(5 Values used for the "light"
and "severe" classifications in NFiPA 80A are 89 and 357
kW/m2, respectively.

Rearranging the above formula, it can be seen that the
configuration factor, &, is the ratio of the intensity of the
radiation striking the target, I, to the intensity of the
radiation being emitted from the burning building, Ie.

b =I/Te Eq. 1A

If the emitter is a point source, the intensity of the
radiation at the target varies inversely as the square of
the distance between the source and the target. This
means that if you double the distance between the two,
the level of radiation is only 25% of what it was at the
original closer distance.

However, the emitter is seldom a point source.
Typically, it is one or more openings, each usually
rectangular in shape. If the openings are relatively small
in comparison to the facade, and uniformly distributed
throughout the face of the building, the entire wall surface
can be assumed to be the radiator, but radiating at some
reduced level. Thus, the radiation received at the target,
Ir, is determined in accordance with:

Ir = Ie - - p/100 Eq. 2

where p = percent of openings in the facade
For a rectangular facade, the configuration factor, ¢,
is found from the following formula:

Eq.3
2 X z z X
w—n[mamtan( ‘jx2+y2 ) +‘ly2+zz arctan(vf—+z—2)]

x = one-half the length of the
radiating surface

z = one-half the height of the
radiating surface

y = separation distance between
the radiator and the target
arctan expressed in radians

where

note:



The distance between the radiator and target, y, should
be adjusted (increased) when the facade of the burning
building has unprotected openings. This is necessary to
account for flames projecting from the openings which
reduces the effective distance between the two
buildings. NFiPA 80A recommends that five feet be
added to the required separation distance calculated, or
subtracted from the actual distance between the two
buildings. The BNBC assumed 6 feet in its calculated
allowable percentage of openings.

In order to determine the distance required between
buildings to prevent fire in one from igniting combustible
cladding on the other, the allowable or tolerable level of
radiation, I, permitted on the facade of the target or
exposed building, must be determined. It is generally
accepted that cellulosic materials (i.e., wood) will not
ignite in the presence of a pilot flame after prolonged
exposure to 12.5 kW/m” or less radiation. The pilot
ignition value, versus the spontaneous ignition value is
used since it is assumed that a spark in the form of a
flying brand is likely to be present to ignite the volatile
gases being liberated from the irradiated material. The
tolerable level of radiation, I, used to develop the
unprotected openings limitations in BNBC and NFiPA
80A as well as many other codes throughout the world
is 12.5 kW/m®.

Rearranging Equation 2, the allowable percentage of
openings can be calculated.

p=100- I;/le- ¢ Eq. 4

However, since le is equal to 179 kW/m? and Irequals
Ii, which equals 12.5 kW/m2, Equation 4 can be
simplified to:

p=100 (12.5)/(179) - & =7/d Eq.5

By using Equation 5, one can calculate the allowable
percentage of unprotected openings for any building
facade, provided the openings are uniformly distributed
throughout the facade.

METHODOLOGY DEFICIENCIES
IN MODEL CODES

While two adjacent buildings may have initially been buiit
with adequate fire separation distance between them,
there is always the possibility that one building may be
torn down and another erected closer to the property line.
Technically, under these circumstances, the new
building should be required to protect itself from the
adjacent building. Thus far, this approach has been
considered undesirable by code writers. Adequate

separation distances can be calculated as described in
the previous section, but the methodology is not readily
adaptable for codification.

For codification purposes, rather than being left with
an infinite number of possible separation distance
combinations in order to meet set-back requirements, a
more practical approach is to regulate the amount of
unprotected openings based on the assumption that a
combustible facade (target) will be located at some
assumed set back from the opposite side of the property
line. This appears to have been done in the BNBC, since
it requires combustible veneers to be set back a
minimum of 5 feet from the property line. The
methodology used, however, incorporates a technique
that leads to erroneous results for some exposure
scenarios.

Upon review, it is determined that the BNBC used what
is commonly referred to as the "mirror image" concept to
establish its opening limitations. This means that
buildings on opposite sides of the property line are
assumed to be identical in every respect, including set-
back distance, length, height, percentage of openings,
and emitted radiation, Ie. This approach assures
adequate protection when the burning building is set
back the minimum distance at which openings are
permitted (i.e., generally 5 feet under the BNBC).
However, it provides less than adequate protection when
the burning building is located at greater distances from
the property line. For example, if the burning building is
moved back to have a 30 ft set back (the distance at
which 100% unprotected openings are permitted by the
code), and the exposed building with combustible
cladding remains at its minimum required set back of 5
feet, the radiant energy received by cladding is 33.82
kW/m2, or 2.7 times the allowable value of 12.5 KW/m®.
Whereas, using the mirror image concept, the analysis
of a building with a 30 ft set back places both buildings
30 feet from the property line, resulting in a separation
distance of 60 feet instead of 35 feet. If one subtracts 6
feet to account for the plume position, the actual distance
from the radiator to the target that is reflected in the
analysis is 54 feet, and the corresponding radiant energy
striking the exposed building is now an acceptable 12.5
kW/m~.

The above illustrates the fallacy of utilizing the mirror
image approach to establish opening limitations. It
provides adequate protection in a few cases, but not in
all cases. The greater distance the burning building is
set back (but not greater than 30 feet) with the
code-allowed percentage of openings, the greater
hazard it presents to a neighboring building with




minimum set-back distance (i.e., 5 feet) and combustible
cladding.

One other scenario under the BNBG that ylelds
non-conservative resulls is when a burning building with
10% unprotected openings, per Table 905.3, is set back
5 {eet and the exposed (target) building also has a five
ft set back. Although this is one of the few cases where
the mirror image concept should work (based on a 15" x
49' radiator used to establish the BENBC opening
limitations), calculations show that the intensity of
radiation striking the target (I;) under these conditions is
15.7 kKW/im®. This exceeds the tolerable level of 12.5
h:mez‘ and occurs because the values in Table 905.3
have been rounded to the nearest 5%. The actual
percentage of openings that is necessary to limit the
radiation emission from exceeding the tolerable level is
7.96%.

In the SBC, although the methodology used in
determining opening protection and set-back distances
appears to have been based on fire protection
engineering principles for certain scenarios, this does
not hald true for all cases. As for the Uniform Building
Code ' (UBC), there is no readily apparent scientific
basis for the determination of its opening limitation and
set-back distance requirements,

CORRECTING THE DEFICIENCIES WITH
A CODIFIED APPROACH

Table 1 provides one possible solution for correcting the
deficiencies previously described. The table values are
derived from the configuration factor relationship In Eq.
3, and are consistent wilth the physics used in
establishing the set-back and opening protection
provisions contained in the BNBC. The following
example combines a scientific methodology and a
codified approach for the problem at hand.

Example

Given: Exposing building 15" high by 60" wide; building
separation between buildings = 20"; distance between
radiator and target = 20" - 6' = 14",

Determine the percentage of allowable openings in the
exposing building.

From the table,
ratio of width to height = W/H = 60/15 = 4,

Using the formula; guide number x lesser bldg.
dimension = distance between radiator and target,

guide number = 14/15 = 0.933

Going into the table using the above guide number and
W/H ratio, indicates that the maximum percentage of
unprotected openings that is allowed is approximately
15%. Through interpolation, the actual maximum is
15,5%. Therefore, for buildings of similar dimension that
are located 20' apar, the allowable percentage of
openings should not exceed 15%.

Alternatively, if greater openings are desired, the table
can be used to determine the minimum separation
distance that is needed for a given percentage of

openings.

Given: 40% unprotected openings fer the same
exposing building.

Determine the minimum separation distance needad.

From the table, using 40% openings and the
W/H ratio = 4, yields a guide number = 2.18

Table 1. Determination of Separation Distances and Percentage of Openings

Width/Halght ar Helght'Widih
10 12 16 20 25 322 4 5 8

L 10 13 18 20 25 1z 40

Parcant
Opanings* Cugda Numb=ar {multiply by lesser dimansion to ge! dstance batweaen radiator and targel]
0 03 040 044 ©O4as 048 048 050 051 051 051 Q51 051 05 051 051 051 051
16 060 068 OY3 078 O0B4 0GB 090 092 0% 084 084 086 089 085 08 08 08
20 0T OGRS OB4 102 1390 117 123 127 130 132 13 133 1.3 134 134 134 154
20 080 100 111 122 133 142 151 168 18 1686 18 170 171 171 1N L
an 102 114 126 138 15 164 178 186 183 199 208 205 207 208 208 208 208
A 122 137 152 168 185 202 218 234 248 2859 267 273 277 279 280 281 28
50 139 156 174 183 213 234 255 276 225 212 326 336 343 348 35 352 353
B0 1585 173 194 295 238 PEI 2BA 313 337 360 AT 3856 407 415 420 4272 424
B 182 204 228 254 2B2 312 34 37T 41 443 474 S 524 541 552 560 564
100 205 230 257 287 820 355 393 43 474 56 556 585 629 65 677 632 YO
- 226 254 28B4 277 354 353 438 482 530 oH80 630 67V T3 763 784 H18 634
= 2B3 285 331 AT 413 481 512 6568 628 691 75T B BA5 851 1006 1050 1084
206 332 372 436 4865 519 578 843 73 TE8 667 950 1033 1113 1181 1258 1335

*Assurnes egually disinbuted windows .
Walues apply cnly for emilter of moderale sevenly (i, ls = 17.9 K%M )
Source: Adaoted from NEPA BOA




Using the formula; guide number x lesser bldg.
dimansion = distance between radiator and target,

2.18 x 15 = 32.7 #t between the radiator and larget.

Adding 6 ft to account for the flame dimension, means
that the buildings must be separated by a distance of no
less than 38.7 f, if 40% unprotected openings are used.

Fire Ratings Of Exterior Walls

If openings must be limited to prevent radiation in excess
of that necessary to cause pilot ignition of combustible
veneers, it is equally impartant that the opaque portions
of exterior walls be fire resistance rated. Requiring walls
to be fire resistance rated assures that they will withstand
the standard E119 fire test exposure for the specified
lime perlod. This will not only provide for the structural
integrity of the wall, but will also assure that the wall will
nol get hot enough to coniribute significantly to the
radiant heat energy being emitted through the openings.
The wall should have a rating sufficient lo assure thal
it will be able to withstand the complete burnout of the
combustible contents anticipated to be in the building.
This will vary depending on the use of the building, and
can range from a few pounds per square foot, to 100 or
more pounds per square fool. Table 905.2 of the BNEC
for walls with a fire separation distance of 5 feet or less
is based on this premise. The minimum fire resistance
ratings recommended for exterior walls, based on the
building occupancy or use, are shown in Table 2.

Table 2. Minimum Recommended Fire

Resistance of Exterior Walls

Building Use or Fire Resistance

Occupancy Rating
Assembly, Business, 2
Educational, Institutional,

Residential (Except Single-

Family), and Low Hazard

Factory or Storage

Residential (Single-Family Only) 1
Moderate Hazard Factory or 3
Storage, and Mercantile

High Hazard 4

Note a: Rating of load bearing walls shall not be less
than that required based on building type of
construction,

When Are Rated Exterior Walls Required?

After determining what the rating of an exterior wall
should be, one must determine at what distance from the
property line an exterior wall needs 1o be fire resistance
rated. The answer is simple. If openings must be limited
to prevent ignition of combustible cladding, the opaque
wall must be fire resistance rated. In other words,
non-rated walls should be permitted only when the
percentage of unprotected openings is not limited.

If opening limitations and wall ratings are not
coordinated, limiting openings may be useless. |f the
burning building has non-rated walls, they may be
compromised (burnt through), thus creating a larger
percentage of openings than is permitled. For example,
Table 600 of the SBC limits unprolected openings in an
exterior wall to 20% in Type IV unprotected construction
with 10 to 20 feet fire separation distance. However, the
same lable also permits exterior walls with greater than
10 feet fire separation distance to be non-rated.
Theretore, when the wall burns through, it will have 100%
unprotecied openings instead of the 20% envisionad by
the code. |f the adjacent building has an exlerior wall
with a combustible veneer, the incident radiant energy
striking the cladding will be 5 times that contemplated by
the code. The likely result would be the ignition of the
cladding.

Limitation on the Use of Combustible
Veneers

As previously indicated, the best approach for code
writers is {o regulate how close a combustible veneer can
be located with respect to the property line. Regardless
of the required set back, there are certain ramifications
that should be considered. If the set back is sulficiently
large, say greater than 40 feet, the possibility exists that
radiant energy may ignite combustibles within the
exposed building since the radiation will be transmitted
through protected or unprotected openings. On the other
hand, if combustible veneers are permitled at relatively
close set backs, say less than 5 feet, there is the
possibility of ignition due to direct flame impingement
from a burning building on the opposite side of the
property line.

It has already been mentioned that the BNBC requires
combustible veneers to be set back a minimum of 5 feet.
The SBC and UBC require wood veneers on buildings
with noncombustible exierior walls o be set back 30 and
40 feet, respectively. In addition, these codes limit the
height of wood veneers to 2 stories or 15 feet,
respeclively, unless fire retardant treated wood (FRTW)
is used, in which case the height can be increased fo 4




stories or 35 feet. Other combustibles, such as light
transmitting plastic wall panels, plaslic glazing, and
plastic veneers are restricted by codes with respect to
sel backs from propery lines, maximum panel sizes,
panel separation reguirements, and height limitations.
However, there are still some combustible veneers for
which adequate regulation is lacking. One such example
is the use of exterior insulation and finish systems (EIFS).
Currently, none of the three model codes limit the
application height of EIFS, or have minimum set-back
requirements pertalning to them. Stricter code
provisions are needed for buildings with combustible
cladding, if the spread of fire from building to building is
to be adequately controlled.

Hadiam heat from the burning building melted the vinyl siding
of two buildings B0 feet away. The damage shown provides
evidence that the level of heat exposure was below that which
would cause tha pilot ignition of wood.

Additional data needs to be obtained about the ignition
and burning characteristics of combustible cladding
materials through standardized testing. Until
combustible cladding can be shown to resist equal or
greater levels of radiant energy than wood, all
combustible cladding should be regulated identically as
wood veneers.

RECOMMENDATIONS

Based on the foregoing, the recommendations listed
below should be followed in developing code provisions
that properly address the prevention of fire spread from
building to building via the exterior wall,

1 Require that unprotected openings in buildings be
limited so that the amount of radiant energy is
maintained at or below the code-established value,
at a code-specified distance from the property line.
For example, the code may require that unprotected
openings be limited so that radiation at 5 feet from

the opposite side of the property line does not
exceed 12.5 KW/m®.

2 Regquire that exlerior walls have a fire resistance
rating when unprotected openings are limited, based
on ltem 1 above. The rating should be in accordance
with Table 2.

3 Eslablish a minimum base-line set back for the
installation of combustible veneers of all types,
including EIFS, plastic veneer, and light transmitting
plastic wall panels or glazing. This base-line set-
back distance should be the same for all combustible
materials, and coordinated with ltem 1 above.

4 Reguire that combustible veneers other than wood
be subjected to a radiant panel test to determine the
maximum amount of radiant energy that they can
withstand without igniting in the presence of a pilot
flame.

5 Until the ignition properties of combustible cladding
can be compared with those of wood through the use
of standardized tests, require all combustible
cladding to be regulated the same as wood veneers.
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