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Foreword

The object of this report is to present a classification of building construction
based on cssential {eaturcs having & bearing on the restricting and rotarding cffect on
fire offered by the differsnt types. The classos within each type are diffcrentiated by
the degree of fire resistance of structural members. As an assistance in applying these
olassifications, data are included from surveys of combustible contents of buildings
and from fire tests of building oconstrustions and materials conducted at this Bureau
and other laboratories. The report should be of value in presenting building classifica~
tions and pertinent relatod data on the basis of which restrictions on size, location,
and structural components of buildings can be applicd to give a required degreo of safety
with the economical use of a wide range of accoptable materials.

Lyuan J. Bricgs, Director.
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ABSTRACT

A classification of building construction from the
standpoint of fire safety is presented by & committee
of representatives of Federal agencies concerned with
the design, construction, and opcration of buildings.
By considering only the basic properties having a bear-
ing on fire hazard and fire resistance, four types were
found sufficiont to cover thc whole range of building
construction. Within each type are two or more classes
which are defined by the fre resistance required for
their structural members. In chapter I this classifica-
tion is outlined and information given on how it can be
applied with reference to the fire severity obtaining for

given structural and occupancy conditions. Chapter
1 containa a discussion of the types of restrictions and
limitations generally incorporated in building codes,
with particular reference to their application to the
classification of building types herein presented.
Chapter 111 gives results of surveys of combustible
coutents of buildings housing typical occupancies as a
basis for estimation of fire severity, In chapter IV
are given available fire-rcsistance ratings of building
constructions and fire-resistanoce claasifications of roof-
ing materials,
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INTRODUCTION

The purpose of this report is to present to
architects, engincers, and public officials re-
aponsible for fire safcty in buildings, a classifi-
cation of building constructions which repre-
scents the recommendations of the Subcom-
mittee, a discussion thercof, and certain factual
dats which have boen assembled by the Sub-
committee. The report is not proposed as a
firo-protection section of a building code, but
it is intended to indicate some of the changes
from current practice that should bo considered
in writing or revising building codes and to
aupply somo of the factual data nocessary to &
proper consideration of the changes indicated.

It appears desirable that codes should be
written to permit the use of new systems of
construction where they can be demonstrated
to be comparable in performance to the systems
now described in current codes in terms of
materials.

The Subcommittce believes that the idea of
designing some buildings for the full fire severity
correnpondmg to the occupancy and others for
a given established fire resistance, is a logical
advance in firc protection cngineering. It
offors no more complications as regsrds poe-

sible occupancy changes and code requirements
than does the idea of designing buildings for
predetermined live loads.  For example, build-
ings designed for residential use with live loads
in the neighborhood of 40 Ib/ft* cannot be used
for heavy mercantile occupancy, and it is
illogical to require them to be designed for the
same fire severity.

The subdivision of types of construction is
proposed in order to embrace the uscful range
of resistance that is obtainable within cach type
and to provide a convenient means of designat-
ing the position of a particular construction
within that range.

Chapter 1 offers a classification of building
types from the standpoint of fire safety. The
relations between combustible contents, fire
severity, and fire-resistance ratings are outlined
and a method of ovaluating the combustible
contents of a building is given.

Chapter IT contains a discussion of the re-
strictions and limitations which expericnce indi-
cates should be applied to buildings with respect
to occupancy and construction for the purpose
of limiting the use of the soveral constructions
to situations in which a satisfactory degree of
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safety from fire can be attained economically.
The discussion is supplemented by the illus-
trative summary of restrictions and limitations
on construction in six typicel building codes,
which comprise appendix A. They are pre-
sented as giving a typical cross section of cur-
rent building codes, not necessarily ideal nor
ilustrative of the recommendations of the
Subcommittee.

Chapter 111 summarizes the findings of ac-
tual surveys of combustible contents of build-
ings for a number of typical occupancies. This
material is considered to be a reliable guide in
making an estimate of the probable combustible
contents of projected occupancies similar to
those surveyed.

Chapter IV presents a tabulation of fire-
resistanca ratings for building constructions and
materials, Derivations of the values are indi-
cated in that chapter and in appendix B, This
tabulation is for use in selecting constructions
that will fulfill the given requirements and
enables a choice to be made in a range of con-
structions having a required fire-registance
rating. .

For definitions of terms used in this report
reference is made to BMS91, A Gloseary of
Housing Terms (1942).

CHAPTER 1. A FTRE-RESISTANCE CLAS-
SIFICATION OF BUILDING TYPES

The fire-resistance classifications of building
types heretofore generally have been defined in
terms of established constructions and materials.
The classification contained in this chapter is
based on performance in fires and fire tests,
graduated within each type. Materials are
differentiated only as regards combustibility or
incombustibility.

The Fireproof type includes all buildings of
incombustible structure which will either with-
stand complete combustion of their contents
without collapse or which will have a general
fire-resistance rating of 4 hr and in addition
other safeguards designed to prevent a more
severe fire, ‘Within this type, the classification
is such that a building may be designed to have
a fire resistance corresponding to the fire
severity that may be created by the occupancy.

(51

This eliminates the common practice of requir-
ing a uniform fire resistance for all Fireproof-
typo buildings, which results in excessive resist-
ance for occupancies having light combustible
contents and insufficient resistance where the
combustible contents ure very heavy. Econo-
mies are thus made possible in the former case
and increased protection is required in the
latter for buildings classed as Fireproof.

It is assumed that in setting the required
degree of fire resistance for Fireproof buildings,
due consideration will be given to possible
changes in occupancy and tenancy that may
increase the amount of combustibles above that
estimated for the occupancy immediately con-
templated, this applying particularly to manu-
facturing, mercantile, and storage buildings.
As a further control, the fire rating of floors in
such buildings can be posted, as is now heing
done for permissible loading, A higher fire
resistance for the lower floor or floors may also
be in order for construction such.as office
buildings and apartment buildings in commer-
cial districts, considering possible use for
mercantile and similar occupancies. The sur-
veys (chapter III) also indicate & large range
in combustible contents of office buildings,
depending on the relative amount of space
used for record filing and storage and the type
of equipment provided for the purpose. The
effective fire exposurc from paper records is
greatly decreased with incombustible con-
tainers (see page 10).

For buildings or portions of buildings used
for residential purposes, the combustible con-
tents were found to be uniformly within the
low range. Even with concentrated furniture
storage, they were equivalent to no more than
15 1b/ft’. The same applies for schools and
hospitals except for small storage areas usually
in basements. Such buildings and others
housing occupancies corresponding to them in
combustible contents can be regarded as strictly
Fireproof provided the protection is adequate
for the fire hazard presented even if the con-
struction is rated no more than 1 hr. The
damage from fires in such buildings will be
largely to contents and building finish, although
damage not causing collapse of any structural
member may occur. As a further safeguard,
Fireproof buildings with the lower fire ratings



can be limited in height so that if any subse-
quent use should result in greater fire severity
they would present no greater hazard than
buildings of nonfireproof types.

The three other types are each subdivided
into two classes which with differentiation in
height and area limitations will assist in obtain-
ing safe and economical application for each
type. The ¥%-hr limit was chosen for the A
class, since it is attainable with less exacting
details of protection than the 1-hr rating and is
near the maximum practically attainable with
types III and IV, considering the possibility
of apread of fire at junctions of floor, wall, and
partition constructions.

The Incombustible type covers the range of
buildings of incombustible structure from un-
protected construction to that having a general
fire-resistance rating of ¥ hr. Although this
construction will not of itself contribute to a
fire, structural collapse should be expected in
a fire of severity exceeding that indicated by
the titles of the subtype.

The Extorior-Protected type covers the range
from ordinary masonry wall and wood-joist
construction to and including mill construction.
A fire in this type of building will eventually
involve the structural members and produce
collapse unless extinguished. The general rat-
ings given in the titlee of the subtypes indicate
a time within which extinguishment might be
expected to prevent collapse.

Wood construction hes been extended to
include combustible constructions having con-
siderable fire resistance. The remarks in regard
to the Exterior-Protected type also apply to
this type.

Although no requirements for exterior protec-
tion are indicated for the Incombustible and
Wood construction type buildings, it is assumed
that they will be restricted in location with
respeoct to common property lines unless such
protection is provided. If Incombustible build-
ings are built to a piroperty line on which
another building can be built, it would be in
accord with requirements for Fireproof and
Exterior-Protected buildings to require 2-br
exterior protection. The requirements for ex-
terior protection and location with respect to
common property lines should also take into

account the size of the building in making
allowance for the lower hazard from amall
structures such as private garages,

The party- and fire-wall requirements for
buildings of the nonfiroproof types are in-
tended to afford protection to the construction
on one side after collapse from fire on the other
side and ensuing prolonged fire and heat ex-
posure from burning debris. The thicknesses
needed are in most cases no more than required
for stability even as supported by the construc-
tion framed in on the unexposed side. For a
given amount of combustible contents the
requirements for the Incombustible type arc
higher than for the Exterior-Protected and
Wood oonstruction types, since the incom-
bustible floor constructions after collapse tend
to confine the heat from the burning debris and
cause prolonged fire exposure on & proportion-
ately greater height above the base of the wall.

1. Tyres or CONSTRUCTION

The following definitions divide buildings
into types with respect to fire resistance as
follows:

Type 1. Fireproof construction.

Type II. Incombustible construction.
Type III. Exterior-Protocted construction.
Type IV. Wood construction.

The requirements for roof covering set forth
herein are to be regarded as the minima for the
several building types. Where a higher class
is required by the local fire zoning, the covering
of such higher class shall be applied. The
relation of combustible contents to fire severity
is indicatod on page 7.

(a) Type I. Fireproof Construction

That type of comstruction in which the
structural elements are of incombustible ma-
terials with fire-resistance ratings sufficient to
withstand the fire severity resulting from com-
plete combustion of the contents and finish in-
volved in the intended ocoupancy but not less
than. the rating specified in table 1, and for
which the roof coverings are as specified
hereafter. '

[6]



TaBLE 1.—Mintmum fire-resistance ratings of structural
elements for type I construciion

Sabtype_. ... . .. _...._..... I-A | I-B | I-C | I-D | I-E | I-F

ngeml ﬂrwuistnnne nung in

Over
ours. _ .. 4

PO 134

Weight of combustibles, 1b/{t?
of floor ares

Over

38 10

Exterior walls--outside expos- |

uare;

Distanoce from common grop-
erty-line or other buildings
on the same property:

Under 10 ft (lncluﬁlng

common-property-line

wally

»
3

hr

-
-4

P
G
=
3
X

Exterior walls-—inside exposure

Interior bearing walls. . ... ..
Columns, girders, tromes
Floor construction

et et 3 o 3t 2 g 03 B

L S T vt

O3 G030 0B 0 .

et MHH“N"‘NNE
el

-
P L S Y ekl T

-

—
el
.

1
©

vertlcal o
Other permanent partitions. ..

—~
2

| 2 2
Gl e]e

-
.

» When the combustible oontenu exoeed 35 Ib/fte:

These structural elements shall be designed to have » fire-resiatance
rating sufficlent to wlthltnnd the nm severity resulting from ocom-
glete ocombustion of the conten

ese struotural elements shall bo dea(gnad ve fire-reslstance
ratings a8 indicated in table 1 for 38 lbln ¥ md sdditional
shall be provided in acoordance with any one of the

lowing:

(1) The height shall be limited to 50 ft for warchouses and 75 ft
for other buildings.

(2) The combustibles shall be placed wholly or partly in ineom-
b lblse oontainen 50 that the ex ud ﬂm mverity is re-

etiulvalent of 4 hr or tahle 6.
3 \ut.omatlc lers shall be provided in tha ares where the
exocess com bustibles occur.
(4) Automatioe ﬁre dewctlon shall be provided for the bullding or
fire area, ber with s standpipe and hose system.
unpro!ectad tneombustible roof

bIn type' I buﬂ

sheathing mur uxotfs to enclose an unusable attic space, provtdeg thut

the construction sepant.lng ehe attie tmm the

bustible materials with a fire- wu:ggm’s from

below, not less than that spedﬂed ction in table 1.
Whemevoryporto roof framing Inmom than 20 ft above g floor

havlnz tom eombustlbleu pot in axcess ofol 'tV of floor ares, roof fram-

ing ma tected .orm Incombustible celling thereon of no re-

story below is of hmom-

quired ulw
* The require mce mnll be determined by the oombuntlble
content on the dde of the wall on which it is the higher. he case of
party vision or fire a8 wty wnm if sabse-
quent adjofning oo s higher fire resiat-
ance than Iy ted, redstm of such wally shall
be Increased to moet the new oondltinm

d The rating shall applfnfot u&nw on the stde away from the pul
ncspmorvem?lh:lren g. For on the other dethonre-
resistanos not less than }4

* No reg| nre—ullshnunﬂn' 0 be of Inooi bustible matarial.

Roof Coverings for Type I Construction.—
Buildings of type I construction shall have roof

coverings which meet the requirements pre-

scribed for class 1, 2, or 3 roof covering in
chapter IV.

(b) Type II. Incombustible Construction

That type of construction which has exterior
walls, bearing wells, floor and roof construction,
and other structural members, of incombustible

469723°—42-- —2
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materials all assembled to have firs-resistance
ratings as given in the titles of the following
subtypes, and roof coverings as specified here-
after.

In type II-A buildings, unprotected incom-
bustible roof framing and sheathing may be
used to enclose an unusable attic space, pro-
vided that the construction separating the attic
from the story below is of incombustible ma-
terials with a fire-resistance rating against fire
exposure from below not less than ¥ hr.

Type II--A. Incombustible construction, ¥
hr.

Type II-B. Incombustible construction,
less than ¥ hr.

Fire walls and party walls shall be ground-
supported and of masonry or other incombus-
tible construction, suitably proportioned as to
strength and stability, and shall have fire-
resistance ratings not less than those given
below. Connections of building members with
such walls shall be made so that failure of the
floor or roof construction due to fire on one side
will not cause collapse of the wall. The fire
resistance of the wall construction shall be not
less than as given in the following table, the
first column of which is based on the total com-
bined weight of combustible contents for all
stories plus any in the construction itself.

TasBLe 2.—Minimum fire-resistance ratings for fire walls
and party walls for type IT consir wtum

Minimum fire rosistance
Total wel;ht of combustibles,
Ib/ft! of ground area Lower | 8to20ft | Gver 201t
! 81t above base | above base
: hr hr r
234 2 2
4 234 2
|3 3 2
6 4 284
8 5 3
9 ] 334
10 8 4
12 10 ]

Norx.—The wall heights are to be measured from the average interfor
ground level at the base of the wall.

Thicknesses corresponding to higher fire-
resistance ratings than given in the above
table may be required on the score of sta-
bility.

Interior walls and partitions enclosing pub-
lic stairways and other vertical openings and
exits from them in type II-A buildings shall



conform with the requirements for fire walls
and party walls from the standpoint of type of
construction and shall have a minimum fire-
resistance rating of 2 hr. Walls and bottom
and top enclosures for public stairways and
other vertical openings and exits from them for
type II-B buildings may be of the same general
type as the interior construction and shall have
a minimum fire-resistance rating of ¥ hr. The
connections to adjoining construction heving a
lower fire-resistance rating shall be such that
the fire resistance of the enclosure shall be main-
tained.

Interior partitions enclosing public hallways
shall have fire-resistance ratings of not less than
¥ hr.

Common property-line walls may be of the
same general type ss the exterior walls, but
shall have fire resistance against exterior fire
exposure of not leas than 2 hr.

Roof Coverings for Type II Construction.—
Buildings of type II comstruction shall have
roof coverings which meet the requirements
prescribed in chapter IV for class 1, 2, or 3
roof covering.

(¢) Type III. Exterior-Protecied Construction

That type of construction in which the ex-
terior walls, party walls, and fire walls are
ground-supported and of masonry or other in-
combustible construction, suitably proportioned
as to strength and stability, and the interior
framing is partly or wholly of wood or other
gimilar materials, all assembled to have fire-
resistance ratings not less than the minima in-
dicated in table 3, and having roof ooverings as
specified hereafter.

TaBLe 3.—Minimum fire-resislance ratings of structural
elemenis for type 111 construction

Bubtype. - e A a1-B
General fire-registanoe ratings in hours. ... _ i Less than 3§
Extarior walls
Distance n'om eoumml‘:l;e property line or
| [ 4
] 3
134 134
1 1
§ 1S
X %

In type III-A buildings, unprotected roof
framing and sheathing may be used to enclose
an unusable attic space, provided that the con-
struction separating the attic from the story
below has a fire-resistance rating against ex-
posure from below of not less than ¥ hr

Fire walls and party walls shall have mini-
mum fire-resistance ratings, as given in table 4,
based on the total combined weight of com-
bustible contents for all stories plus any in the
construction itself. The fire resistance of the
wall shall be taken as limited by any combus-
tible members projecting into it from the pro-
tected area. Floor and roof members shall
release as requires’ for Type II construction.

TapLx 4, —-—Mmtmum fire-resistance ratings for fire walls
nd party walls of type 111 busldings

Minimum fire resistance
AR T
tibles, of ground area Bto20ft | Over 201t
Lower 8 ft above base | above base
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O
ﬁ‘ﬁ.ﬁw

B BB A3 23 R b3

%
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Walls enclonmg public steirways and other
vertical openings and exits from them, for
type III-A buildings shall be of the same
general type as fire walls and party walls with
fire-resistance ratings of 2 hr, and the top en-
closure shall have a fire-resistance rating of not
less than 1 hr. Walls and bottom and top
enclosures for public stairways and other verti-
cal openings and exits from them, for type
I11-B buildings may be of the same genersl
type as the interior construction and shall have
s minimum fire-resistance rating of ¥ hr. The
connections to adjoining construction having a
lower fire-resistance rating shall be such that
the fire resistance of the enclosure will be

Interior partitions enclosing public hallways
shall have fire-resistance ratings of not less than
% hr.

Roof Coverings for Type III Construction.—
Buildings of type III construction shall have
roof coverings which meet the requirements
preacribed in chapter IV for class 1, 2, or 3
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roof covering subject to the following limita-
tions:

(1) When the distance of the building from
other buildings or lines on adjacent property
on which other buildings may be built is less
than 12 ft, class 1 or 2 roof coverings shall be
provided. ,

(2) When the distance of the building from
other buildings or lines on adjacent property
on which other buildings may be built is 12 ft
or more, class 1, 2, or 3 roof covering shall be
provided.

(d) Type IV. Wood Construction

That type of construction which has exterior
and bearing walls and floor and roof construc-
tion, wholly or partly of wood or other com-
bustible materials, all assembled to have fire-
resistance ratings as given in the titles of the
following subtypes and roof coverings as speci-
fied hereafter.

In type IV-A buildings, unprotected roof
framing and sheathing may be used to enclose
an unusable attic space, provided that the
construction separsting the attic from the
story below has a fire-resistance rating against
exposure from below not less than ¥ hr.

Type IV-A. Wood construction, ¥ hr.
Type IV-B. Wood construction, less than
¥ hr.

The requirements for fire walls and party
walls shall be the same as for type III con-
struction.

Walls and bottom and top enclosures for
public stairways and other vertical openings
and exits from them may be of the same general
type as the interior construction and shall have
a minimum fire-resistance rating of % hr. The
connections to adjoining construction having a

lower fire-resistance rating shall be such that.

the fire resistance of the eanclosure will be
maintained.

Interior partitions enclosing public hallways
shall have fire-resistance ratings of not less
than ¥ hr.

Roof Coverings for Type IV Construction.—
Buildings of type IV construction shall have
roof coverings which meet the requirements
prescribed in chapter IV for class 1, 2, 3, or 4

roof covering subject to the following limi
tations: _

(1) When the distance of the building fron:
other buildings or lines on adjacent property
on which other buildings may be built. is less
than 12 ft., class 1, 2, or 8 roof covering
shall be provided.

(2) When the distance of the building from
other buildings or lines on adjacent property
on which other buildings may be built is 12 ..
or more, class 1, 2, 3, or 4 roof covering shall
be provided. -

2. Fire SeverITY

Fire severity is used herein as a measurs of
the intensity and duration of a fire. It is ex-
pressed in terms of time of exposure equivalent
to that in the standard furnace test as defined
in American Standards Association Standard
A-2, 1942,

It has been found from burn-out tests per-
formed in fireproof structures with various con-
centrations of combustibles having & calorific
value in the range of wood and paper (7,000 to
8,000 Btu/lb) and assembled to represent build-
ing occupancies, that the relation between the
amount of combustibles present and the fire
severity is approximately as given in table 5.

TaBrs 5.—Relatfon of amount of combustibles to fire

severity
Aveu?vc!zht ofcom- | g A welght of com- | w0 oo
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It is considered sufficiently accurate in com-
puting combustible contents to take wood,
paper, cotton, wool, silk, straw, grain, sugar,
and similar organic materials at their actual
weights and to take animal and vegetable oils,
fats, and waxes, petroleum products, asphalt,
bitumen, paraffin, pitch, alcohol, and naptha-
lene at twice their actual weights.

When the calorific value of combustibles

" differs greatly from that of wood or paper, or
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where the combustibles are stored in steel or
equivalent incombustible containers, a corre-
spondingly corrected weight should be used in



determining expected fire severity from the fore-

going table.

It is considered sufficiently accurate to use
the percentages, as given in table 6, of the
weights of enclosed combustibles stored in steel
containers in estimating the fire severity.

Tantn 6.—Effective combuatible contenis of steel con-

lainers
Part of combusiibles In con-
talners
Type of container Ove-hatt More
Less than to thee- 'nnn
fourths fourths
Backed and shelving Pnu% L 78
Sheivieg doars and tTensir oases. . o0 g »
Filing eabinets and desks. .. _.......__.. @ 10
Salve andl eabinets of 1 hour or more fire-
veclsbonos reting.. ... ... ... [] 0

In computing combustible contents, concen-
trations higher than the aversge over con-
tinuons areas exceeding 500 ft? or exceeding 25
percent of the floor area between fire separa-
tions, whichever is the smaller, shall be con-
sidered deparately, otherwise the average for
the entire area shall apply. With special con-
struction or containers provided as indicated
in table 8 for areas where the concentration is
decidedly above the average, it will, in general,
not be necessary to increase the fire resistance
of the construction of the whole building to
give protection against such localized hazards.

The data on combustible contents of build-
ings as contained in chapter III indicate the
range which generally can be expected to be
sssociated with the various occupancies sur-
veyed.

In apartments and residences, even with
combustible floors and other woodwork, the
amount of combustible contents was found to
be relatively light, with the average below 10
Ib/ft* of floor area. In areas containing con-
centrated furniture storage, the combustible
contents were found to be no more than 14 or
15 Ib/ft?, which includes allowance for a wood-
finish floor and wood trim. '

In schools the average amount of combustible
contente in classrooms, gymnasiums, and most
laboratoriee was found to be well within 10
1b/ft* of floor area. In areas such as storage
rooms, file rooms, paint shops, libraries, stock
rooms, otc., the concentrations varied greatly

with the type of combustibles encountered, but
the areas with high concentrations constituted
only a small percentage of the total.

In office buildings the surveys indicate that
the combustible contents in from 80 to 90 per-
cent of the building will come within 20 1b/ft’
of floor area. This would include such areas
88 offices and reception rooms, even those con-
taining files. In rooms used exclusively for
filing or library purposes, the combustible
contents might run as high as 80 1b/ft’.

The survey of hospitals indicates that the
amount of combustible contents is light, with
the average below 5 Ib/ft* for the greater per-
centage of the nmuilding. Concentration of
combustibles such as was found in laundries,
rooms used for clothes storage, and supplies
did not exceed 20 1b/ft’.

The amount of combustible contents in
warehouses was found to vary considerably,
according to the type of contents stored.
This would indicate that warehouses require
individual study and consideration in relation
to the intended use.

3. FirRE-RESISTANCE RATINGE

The fire-resistance rating of a structural
element is the length of time that it performs
satisfactorily in the standard furnace test.
Unless otherwise indicated, the fire-resistance
ratings specified are for fire exposure on either
gside of walls, partitions, and floors and on the
lower side of roof construction. Fire exposure
from below only is assumed for floors or ceilings
under unusable attic spaces, the rating heing
based only on absence of collapse or occurrence
of openings allowing free passage of flame and
hot gases through the construction.

Although almost all the data on fire resistance
of floor constructions were obtained with fire
exposure from below, a few tests with fire above
the floor indicate a comparatively less severe
exposure to the construction for a given fire
condition. -

CHAPTER II. RESTRICTIONS AND
LIMITATIONS IN THEIR RELATION
TO TYPES OF CONSTRUCTION

The essential conditions which can be pro-
vided by design for the safety of life and
property against loss by fire in a building are
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structural resistance to collapse due to fire
and to spread of fire, sufficient exit facilitics,
and adequate facilities for extinguishment.
The degree of safety in a given case is dependent
on the extent to which the foregoing conditions
are realized.

The major factors which will determine the
extent to which the above conditions can be
attained are the hazards due to location,
occupancy, and contents; the height and area
of the buildings; the size of areas not effectively
separated with respect to fire; and the ma-
terials and construction of the building. It is
usual, therefore, to apply restrictions and
limitations to certain of these factors for the
purpose of obtaining safe conditions to the
degree considered economically poesible and
desirable from a public standpoint.

The degree of restrictions and limitations
which have been applied vary considerably, and
the Subcommittee is not here proposing any
definite recommendations but the subject is
discussed in general terms.

The following general classes of limitations
have been applied to types of buildings differ-
entiated by the materials, design, and degree
of fire resistance of their component parts.

Location with respect to fire zones.

Permissible height of building.

Permissible spacing from adjacent con-
struction or property lines.

Permissible area of building or area within
fire subdivision w

Permissible materials in building members
and building finish.

Required degree of fire resistance of
structural members.

Permissible occupancies.

The following discussion will be referenced
to the types of buildings defined in the pre-
ceding chapter and is intended to be suggestive
in obtaining a safe application thereof. It will
be limited to considerations of safety from fire
only. It is recognized that other restrictions
may be applied from the standpoint of general
zoning regulations.

1. Locarion WriteH REspeEct T0 Fire ZONES

From the standpoint of fire zoning, cities
are generally subdivided into one or two fire

zones and an unrestricted area. In the larger
cities two fire zones may be justified in which
new construction is restricted to the Fireproof
type within the inner zone, except that other
types may be permitted if rigidly limited in
height and arca. In the outer fire zone,
besides fireproof buildings, those built with
structural members of incombustible materials
irrespective of the fire resistance thereof, and
those with exterior ground-supported masonry
walls and interior non-fire-resistive construc-
tion, are permitted to the limits of height and
arca applicable for these types. Outside of
the fire zones all types of construction are per-
mitted to the respective limits of permissible
height and area. In cities subdivided into
only two districts the restrictions outlined
above pertaining to outer fire zone are generally
applied to construction within the fire limits.

Restrictions not necessarily directly connected
with permissible types of construction are also
applied with respect to roof materials, which
may also be applied outside of fire limits.
This is deemed justified on account of the
possibility of rapid spread of fire in the more
combustible and less fire-resistive construction
prevailing outside of fire limits.

The main object of the restrictions is to re-
duce to a practical minimum the possibility of
rapid spread of fire. This has been found de-
girable and necessary not only within con-
gested high-value districts but also in residen-
tial districts, based on experience in numerous
conflagrations from the beginning of historic
times up to the prescnt. The provision of ex-
terior self-supporting walls of incombustible
materials is a considerable measure of protec-
tion but has not prevented conflagrations where
buildings are near the limits of permissible
heights, closely spaced, and with the larger
amounts of combustible contents, even with
good fire-fighting facilities. For such condi-
tions the Fireproof type has proved, however,
to be very effective.

2. RestricTiONs BasEp oN HEleaT oF
BuiLping

In applying restrictions of this class, some
consideration apparently should be given to
the required fire resistance of building members,
permitting buildings having constructions with
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the higher ratings to be built to relatively
greater heights.

(a) Fireproof Conatruction

In general no restrictions as to height have
been applied to the Fireproof type of building,
except for ocoupancies deemed specially has-
ardous. This may be justified on the basis that
the building should withstand a fire completely
consuming all combustible contents and trim
without collapse of structural members, or that
for the higher amounts of combustible contents,
the fire resistance incorporated in the building,
in combination with its fire-extinguishing equip-
ments and the public fire protection, is deemed
adequate to prevent such collapse.

Structural protection against fire exposure
from the outside also is assumed and can be
provided without difficulty, since the lack of
confinement for the products of combustion will
prevent high exposure temperatures over long
periods. While exposure from radiation may
be intenss, this will be limited in time to the
most active stage of the fire. The resistance
against exterior fire exposure is usually limited
by the openings in fire-exposed walls. Although
opening protectives are required for major
buildings where the openings are within 30 to
50 ft from exposing construction or openings,
it is recognized that under severs fire conditions
fires can be communicated through unprotected
oponings at greater distances. The opening
protectives generally required do assist ma-
terially in preventing communication of fire
where large buildings are closely spaced.
Greater spacings will decrease materially the
degree of fire fighting from within and without
required to prevent ingrees of fire.

Another reason for the very moderate re-
strictions on height applied to the Fireproof
building is its inherent advantages in point of
limiting the spread of fire and smoke, resulting
in greater safety to occupants and less difficulty
in extinguishing fire. With incombustible floor
construction of the required degree of fire re-
sistance and enclosed vertical openings, the fire
will be prevented from spreading from floor to
floor through interior channels and the travel
of amoke will be greatly restricted. For other

tents, fire may be communicated from floor to

floor through unprotected exterior wall open-
ings, but this can be prevented with moderate
fire-fighting effort. The building is relatively
safe for entry by fire-fighting forces, and fire-
fighting equipment can be provided within the
building with the outlets and connections so
located or protected as to give good assurance
of its availability in case of fire.

These properties of the construction also
enable conditions having a bearing on the
safety of occupants to be evaluated with a good
degree of reliability. While with non-fire-
resistive construction it is generally considered
necessary to provide for exit of all occupants
from the building or fire-division thereof within
a given time, the greater barrier to spreed of
fire and smoke offered by the floors and other
subdividing constructions in Fireproof buildings
makes it necessary to provide means for im-
mediate exit only from the area directly in-
volved. This greatly reduces the required
capacity of stairs which otherwise would be
prohibitive for high buildings.

With oocupancies involving large amounts of
flammable liquids or other readily combustible
materials, the building construction affords less
protection and the application of height restric-
tions is justified irrespective of the type of
construction. Fires in such contents progress
rapidly, with production of large volumes of
smoke and gases that may be forced into pro-
tected exit ways, making them untenable,
hence the need of facilities for prompt egress of
occupants. Fire-ﬁgﬁting operations are more
difficult and hazardous than for fires in ordi-
nary combustibles, and explosions, even if not
violent, may endanger the stability of the
building. Without specisl provisions, no build-
ing presents any considerable resistance to
explosive effects, although the Fireproof build-
ing hag generally less inherent weakness in this
respect than those of other types, and with
proper choice of materials and design and
provision of suitable vents, ite resistance can be
greatly increased.

(0) Incombustible Construction

While the Fireproof building must have suf-

ficient structural protection, and other associ-

ated facilities, if needed, to assure freedom
from collapse due to fire, such restriction does
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not apply to those of the Incombustible type.
Hence, provision for prompt egress of occupants
must be made. Also, the possibility of con-
ducting fire-fighting operations from within the
building is not assured unless the fire is of low or

moderate severity or is pontrolled in its early

stage. The general limit of height to which an
effective fire department hose stream can be
directed from the ground to fight fires in a
building is near 50 ft. This can be increased
some 30 ft by mounting the hose on the first
section of the aerial ladder. Any added range
would have to be obtained with hose towers, the
limit of height of which is near 100 ft. At this
height the water pressure available from the
pumpers and safely carried by the hose lines,
becomes a limiting factor. These considers-
tions will limit the height to which buildings
other than those of the Fireproof type can be
safely built.

Buildings of the Incombustible type with
structural connections or adequate ties between
the exterior and interior framing would present
little hazard due to possibility of collapse onto
adjacent property when failure occurs, assuming
that the ratio of least lateral dimension to
height of building is not excessive, since there
would be & tendency for the framing to be pulled
inwards. For self-supporting exterior walls,
such as of masonry, on which interior construc-
tion i supported and secured with only the
usual forma of ties or anchorags, the conditions
from the standpoint of hazard to adjacent
property would be substantially the same as
for the Exterior-Protected building outlined
below.

The incombustible floor and roof construc-
tions in collapsing tend to blanket the fire and
prevent hazard to the surroundings from flying
brands. Although the resistance of unpro-
tected members to collapse due to fire is com-
perable with what obtains for unprotected
wood-joist construction, fire and smoke are
better confined, The absence of any conse-
quential amount of combustible materials in
the structural members and accordingly, in the
materials forming the boundaries of any con-
cealed spaces formed by them, further removes
conditions inducive to rapid spread of fire.
It also would be expected that irrespective of
any restrictions applied, the amount of com-

bustible insulation, finish, and trim would be
less than for wood interior construction. These
all have a bearing on the safety of occupants
and the ease with which fires can be controlled
in their early stages.

As protected to obtain given fire-resistance
ratings, Incombustible construction would be
the equivalent in this respect to similarly pro-
tected Wood construction except that where
failure under load or other structural collapse
is not involved, the incombustible constructions
would continue to prescnt a barrier to the spread
of fire and smoke for a longer period after lim-
iting technical end points, such as temperature
rise on the unexposed side, have been reached.

(c) Exterior-Protected Construction

In an effort to prevent the conflagrations that
repeatedly have devastated centers of popule-~
tion, buildings in closely built-up areas have
been required to have exterior and party walls
of masonry. These walls are required to be
self-supporting in the sense that they are carried
directly on their foundations, and as supported
laterally by the floor and roof constructions,
are stable under the normal lateral forces to
which they are subjected. Such stability also
can be regarded as maintained under exterior
fire exposure, and protection to interior con-
struction and building contents can be given
substantially as for the other building types
discussed above. To achieve such protection
in the same degree, care must be taken in the
details employed at the eaves, cornices, and
projecting dormers or towers, to eliminate
possibility of ready ingress of fire through open
spaces or spaces sheathed or filled only with
combustible materipls. The ends of combus-
tible members projecting into the walls must
have sufficient thickness of protective material
to the outside to prevent ignition from the
exposing fire, & condition generally attained
without difficulty in exterior walls but which
may be a limiting factor in the protection given
by party and fire walls. The effect of un-
protected and protected wall openings on the
protection afforded by the wall construction is
the same as for the other building types.

When the interior construction of Exterior-
Protected buildings collapses because of fire,
the stability of the exterior walls of multistory
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buildings is largely destroyed. The heat from
the fire causing expansion of the inner face
wiil deflect the top of the wall outward thus
increasing ite instability, and collapse to within
a story-height or two from the ground is to be
expected in a fire consuming the interior con-
struction and contents. This instability of the
walls under fire exposure from within the build-
ing introduces an element of hazard to adjacent
property and to firemen, for buildings of any
considerable height. The protection given
adjacent construction is limited by this condi-
- tion and even heavy built-up or metal roof
coverings exert little blanketing effect in a
severe fire, since they are comsumed or dis-
integrated into their component units. This,
as well as the practical heights to which fire-
department hose streams can be applied, is &
consideration that limits the height of build-
ings of this type. .

From the standpoint of safety to occupants,
facilities for egress from the building or fire

subdivigsion thereof within a limited time,-

need to be provided. Protected stair shafts
increase the allowable time for egress and also
serve as a protection for fire-fighting operations.
It is apparent, however, that the height of the
building must be restricted for thess reasons,
as well as on the score of harard to adjecent
construction. Even with ite limitations this
building type has served very effectively in
preventing ready communication of fire from
building to building. With a moderate degree
of public protection, fires in buildings present-
ing the lighter degrees of hazard, such as those
of the residential type, can be controlled without
much likelihood of spread to adjacent construc-
tion.

No separate cldssification is made for the
heavy timber or mill construction type since
ita fire resistance in the lower range as unpro-
tected is not higher than the ¥-hr limit desig-
nated for the present type and attainable with
protected interior wood constructions framed
with lighter members.

(d) Wood Construction

The essential differénce between this type of
construction and that designated as Exterior-
Protected is in the exterior framing and facing.

The latter may vary from wood or metal siding

' to masonry veneer, and the sheathing against

which they are placed may be of combustible or
largely of incombustible materials. As for the
preceding type, there may be also a wide range
in combustibility and fire resistance of the
interior construction and finish, greatly affect-
ing the safety of occupants and the ease with
which fires can be controlled in their early
stages or prevented from spreading toadjacent
construction.

Although the higher range in exterior protec-
tion attainable may approximate that with
Exterior-Protected construction, masonry ve-
neer is less atablc than solid masonry walls and
with combustible exterior finish the building is
more vulnerable to exterior fire exposure.
These considerations justify further restrictions
in height for this type, although the hazard
to occupants with the same type of interior
framing and finish may not be much different
from that obtaining for the Exterior-Protected

type.

3. RestrIcTIONS ON LoOCATIONS WITH RESPECT
10 CoMMoN ProrERTY LINES OR ADJACENT
BuiLpINGs

_ The objects of these restrictions apparently
are to decrease the possibility of rapid spread
of fire and afford a space between buildings for
fire-fighting operations. It does not appesar to
have been practical by such restrictions to
achieve much assurance that the walls of a
building will not collapse on adjacent buildings
or property when the building or its interior
construction is destroyed by fire.

The restrictions that have been applied refer
mainly to Wood construction, walls of which
have been required by building codes or other
restrictions to be located from 1% to 10 ft from
the common property line or from 2% to 20 ft
from the adjacent building, the most usual
range being 3 to 5 ft for the former and 6 to 10
ft for the latter. In many codes the restriction
is applied to the wall concerned rather than to
the whole building, the wall located within a
given distance from the common property line
or adjscent building being required to have &
specified fire-rosistance rating. It is question-
able whether requirements thus phrased achieve
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the desired object, since the matters of intorest
are quite apparently the material in the wall
and its stability, which are not necessarily
directly determined by its fire-resistance rating.
Very few restrictions have been applied in
this respect to buildings of the Fireproof or
Exterior-Protected type where the walls con-
cerned are without openings. Where there are
openings, or for places of public assembly, a
minimum distance to the common property
line or between buildings has been required, for
the latter to afford a passage for egress. ~
From the standpoint of the hazards with
which restrictions of this class are concerned,
it is apparent that buildings of the Fireproof
type give the greatest protection. The next in
order would be those of the Incombustible or
the Exterior-Protected type, depending on con-
ditions. Where there is a space between the
buildings, those of the Incombustible type with
members having X-hr or greater fire-resistance
rating may present the lesser hazard. This
concerns degree of hazard to adjacent property
from collapse of building and building walis and
the blanketing effect on the fire of floor and
roof constructions both before and after col-
lapse. Where the building extends to the
common property line, there are advantages in
favor of the Exterior-Protected type over the
Incombustible type unless similarly protected,
particularly if the buildings where they adjoin
are of approximately the same height and
depth. Whether the adjoining walls are built
as party walls or as individual common-prop-
erty-line walls, a fair assurance of stability of
the party wall or adjacent common-property-
line wall is had when the construction on one
side or the other collapses because of fire. This
assumes that the floor and roof constructions on
both sides are tied into the wall in such manner
a8 to give the required degree of support to the
wall when exposed to fire from the outside, but
in the case of party walls, collapsing members
are released to an extent that will enable the
wall to retain its stability and fire resistance.
It appears that walls of buildings of the
Incombustible and Wood construction types
when built to the common property line should
conform with the requirements for party and
common-property-line walls of buildings of the
Exterior-Protected type, from the standpoint
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of both stability and fire resistance. Although
the stability of walls of buildings of tho Fire-
proof type is assumed established at least for
the applicable fire-resistance rating, their fire-
resistance rating as party walls should at least
correspond to the expected fire severity for the
adjncent area in the original building. If
subsequent construction on the other side
introduces a higher fire severity, the fire
resistance of the wall should be correspondingly
increased. .

For common-property-line walls a uniform
requirement of 2 hr is applied on the assumption
that a wall subsequently built in contact with
it will have equal fire resistance. If the two
walls 8o constructed do not in combination meet
the requirements for a party wall in the given
location, the fire resistance thereof should be
increased or some of the other provisions under
table 1, footnote (a) applied. The fire resist-
ance of exterior walls other than common-
property-line walls is based on ability to support
load and retain stability under fire exposure
and on temperature rise only as it concerns fire
exposure from the outside.

The practice of permitting unmodified walls
of the designs typical for Incombustible and
Wood construction type buildings as party and
common-property-line walls does not appear
justified, even where the wall and construction
on each side have up to 1-hr fire-resistance
ratings. For occupancies involving the lower
amounts of combustible contents in buildings
of the Incombustible type, no great hazard may
be involved but it may be increased with
changes in occupancy. Wood construction,
irrespective of its fire resistance, will eventually

‘collapse in any fire involving & considerable

portion of the construction or building con-
tents, assuming no fire extinguishment. Hven
with good fire fighting, fire and smoke are likely
to be communicated through concesled spaces
in the construction, the firestopping of which
cannot be fully assured. Some improvement
is obtainable with double construction at the
common property line, with an intervening
continuous fire barrier in the form of incom-
bustible fire-resistive blankets or similar sepa-
rations, designed to remain in place when the
construction on either side collapses. How-
ever, in general, party and comnfon-property-
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line walls conforming with the requirements for
Exterior-Protected construction constitute more
effective barriers,

Requirements based on distance from the
common property line can be made unduly
restrictive unless tempered with respect to
size of building. Thus, a certain separation
deemed proper for buildings several stories
high cannot with justification be applied to
small one-story buildings, such as private
garages. Such buildings, even if of Wood

construction, particularly with incombustible .

facings, can safely be permitted closer to the
common property line or similar adjacent
building. Assuming some separation, incom-
bustible unprotected buildings of such size
present less hazard from this standpoint than
those with masonry walls and combustible rpof
oconstruction.

4. RxsTRIOTIONS BASED ON ARXA OF Burn.piNa

The objects of regulations of this type arc to
restrict the spread of fire, obviate conditions
unduly hazardous to occupants from the stand-
point of egross, and to provide access for fire-
fighting purposes. The practice of permitting
greater areas for buildings fronting on two or
more streets than for those with a single front-
age may be justified on the score of access for
fire-fighting equipment, although the additions
generally permitted on this score in building
codes appear relatively large., Under some
regulations, areas having a long street frontage
are permitted to be larger than those having a
greater ratio of depth to frontage, presumably
for the same reason. Buildings or groups of
buildings located some distance back of any

public street front but having improved roads-

or streets leading up to them equal to public
streets, will in general give accessibility to fire
apparatus equivalent to frontage on two or
more public streeta,

Increases in permissible areas of 50 to over
100 percent are generally allowed if autornatic
fire-extinguishing equipment is installed. Some
regulations restrict such permissible increnses
to business buildings, garages, and other com-
mercial types. In a few regulations, low build-
ings are permitted larger areas than those that
can be built to the limit of permissible height,
although there has been no general systematic

application of this principle. For non-fire-
resistive construction, the harard from spread
of fire appears to be fully as much a function
of the volume of the building or fire subdivision
thereof as of the ground area occupied.

In applying area restrictions, some allowance
might be made for the required fire resistance
of building members by allowing buildings with
members of the higher ratings to have larger
undivided areas.

(@) Fireproof Construction

Buildings of this type are generally unre-
stricted as to ares, with the exception of those
considered specially hazardous, such as public
garages. It is a question whether & number of
other ocoupancies involving large amounts of
combustible materials or readily flammable
materials do not present as great or greater
hasard. The inherent protection given by
Fireproof construction is recognized where light
or moderate contents of ordinary combustible
materials are involved, but for higher concen-
tration or more readily combustible materials
the retarding effect of the construction is of
less import. This construction has the ad-
vantage that structural fire subvidision can be
made with good assurance that the subdividing
construction will fully serve ite purposs, assum-
ing ite fire-resistance rating is sdequate for the
conditions presented. The full value of fire-
proof construction can be attained only where
such subdivision is logically applied. However,
many occupancies require such large areas from
the standpoint of operating conditions, of the
order of several hundred thousand square feet,
that any restrictions applied above such limits
would have little meaning. Examples are
certain types of metal working and aseembly
plants. If the contents are largely incombusti-
ble and there is & minimum of combustible
building finish and trim, such large areas would
present no greater hazard than smaller spaces
with higher combustible content. For others,
the safety to property and under some condi-
tions, to occupants, can be appreciably im-
proved by judicious subdivision. The safety
from the standpoint of emergency egress in
establishments such as retail stores would be
greatly increased with at least one subdividing
construction for large aroas.
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Assuming an occupancy that can be safely
permitted without restriction as to area or
within a given permissible area, it appears illogi-
cal to stipulate in effect further subdivision of
this area by requiring ordinary room partitions
to have given fire-resistance ratings. This
applies especially where the whole area is
covered by the same occupancy or tenancy.
Such partitions, if wholly or largely of incom-
bustible materials, will retard the progress of
fire to some extent, but there appears no justi-
fication for requiring a fire-resistance rating.

It 18 recognized that partitions serving as
protection for shafts and egress corridors should
be required to have some degree of fire resistance.
For egress corridors this need be no greater
than one-half to one hour. Considering that
shafts may be used by fire-fighting forces, a
greater protection for them is justified. The
actual fire exposure on the shaft side of pro-
tected enclosures is very light, justifying in
general a lower limit of fire resistance for the
enclosing construction exposed from the inside
than from the other. The same applies also
to some extent for corridor partitions.

(0) Inmcombustible Construction

With this as with- other buildings not of the
Fireproof type, collapse in whole or part may
occur from fire exposure and hence the need of
providing protected ways of egress for occu-
pants. This may be a limiting consideration
from the standpoint of permissible area, since
the distance to any exit must be limited and
vertical exit ways are located prefémbly on or
near exterior walls,

This type of building affords more favorable
conditions than those of combustible interior
construction in restricting the spread of fire
and for fire-fighting operations in ease collapse
does not occur, or bafors it occurs in fires taxing
the building constructions beyond their ulti-
mate fire resistance. Beyond this stage, al-
though the fire may be subdued by the collapsed
incombustible constructions, fire fighting is
made more difficult, since hose streams are
diverted by them and fire spread to portions
that have not collapsed and are within the
same fire area can with difficulty be prevented.
Such buildings if of one story are generally
unrestricted a8 to area and height even if

structurally unprotected. This may be justi-
fied as far as light-hazard occupancies are con
cerned, but for the larger amounts and more
hazardous types of contents, restrictions ap-
parently should be applied, considering what
is done in the casc of other buildings not of the
Fireproof type.

(é) Exterior-Protected Construction

The same considerations from the standpoin:
of area limitations apply in general as for build-
ings of the Incombustible type. The interior
construction will afford somewhat greater
opportunity for rapid spread of fire and on
this account the individual areas might logically
be restricted to a little greater extent than for
buildings of the Incombustible type. Unless
the floors are of heavy laminated wood, or of
lighter construction having fire-resistive plaster
or other equally effective soffit protection, the
vertical spread of fire will be less restricted.

To obtain the protection premised with the
exterior wall construction, it appears that all
walls forming a boundary of the building, in-
cluding walls bordering on interior courts,
should be constructed the same as the exterior
walls. The practice of permitting interior-
court walls to be of wood frame appears incon-
sistent, even if protected to give 1-hr fire
resistance, considering the decreased protection
from fires in adjacent wings. Further, court
walls thus constructed would not qualify as
boundaries for fire subdivisions based on area.

(d) Wood Construction

Although it may appear that there is no
decided difference between buildings of this
type and Exterior-Protected buildings in fea-
tures governing area restrictions, actually as
constructed a considerable degree of distinction
is discernible. ‘The undivided areas for the
latter type generally will be distributed in
wings separated by courts or light wells, the
required incombustible self-supporting walls of
which will retard appreciably the spread of
fire, as compared with combustible construction,
and spread to adjacent comstruction is rela-
tively more readily prevented with self-support-
ing exterior walls. However, considering that
buildings of the Wood construction type are
also more restricted as to height, justification
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for the large differonces in permissible arca
often applied as between the two types, is not
readily apparent. In some regulstions the
pr-missible size of buildings of this type is
conditioned on distance from the nearest com-
mon property line.

5. ResTricTIONS ON TYPE OF MATERIALS IN
BuiLping MeMBERS AND BUuILDING FINISH

As far as the type of materials in structural
portions of buildings is concerned, this is largely
defined for the different types of construction.
Thus, in buildings of the Fireproof and Incom-
bustible types as defined herein, all structural
members sre required to be of incombustible
materials irrespective of the degree of fire
resistance. For the Exterior-Protected type
the requirement for incombustible materials is
limited to the exterior wall construction and
certain subdividing constructions such as party
walls, fire walls, and shaft enclosures. For
Wood construction, there would be no require-
ments 8s to materials except for subdividing
constructions, although it is implied that no
materials more readily flammable than wood
can be used at least in structural members.
Accordingly, from this standpoint, the mate-
riale would be restricted in their use by the
requirements pertaining to the different types
of construction.

As concerns materials in building finish and
tritn, restrictions based thereon have been
applied, although not to the extent that might
be justified. Thus, according to the New York
Building Code, no untreated combustible finish
fioors or trim can be used in buildings over 150
ft high. Otherwise, in type I buildings gener-
ally, wood finish floors and the usua! amount of
wood trim can be used. This, however, should
not be taken as implying that such buildings can
be finished over the whole or the larger portions
of the interior surfaces with combustible ma-
terials. This would introduce a much greater
hazard than their use in doors, baseboards,
moulding, and similar trim which does not
constitute a large percentage of the wall ares
and doee not afford ready opportunity for the
spread of fire. As a concession in this direction,
some codes permit interior partitions of wood, or
wood and glass, in areas not exceeding 5,000 ft*.
This will in general include subdividing parti-

tions only, corridor partitions being othorwise
required to be of incombustible materials.

It is apparent that the application of combus-
tible trim over any considerable portion of the
interior surfaces of buildings greatly increascs
the fire hazard irrespective of the degree of fire
resistance of building members. Such trim will
accelerate the spread of fires started in combus-
tible contents that otherwise might be essily
restricted to the room or area in which they
originate. After air temperatures have been
built up to or near the ignition temperature,
rapid spread of fire can take place on com-
bustible finishes and veneer of no greater thick-
ness than ¥, in. The prohibition of readily com-
bustible curtains and other decorations in places
of public assembly is fully justified on the basis
of experiente. Many fires disastrous from the
standpoint of life loss have occurred in them
even where the building itself suffered little
damage.

Although for the non-fire-resistive building
types, building codes apply few restrictions in
point of materials for interior finish, it is con-
ceded that a wide range in safety to life as well as
to property is presented by the different mate-
rials used for the purpose. In the evolution of
modern building construction a decided im-
provement in this respect was achieved by the
substitution of plaster for wood finish. The
more recent introduction of materials in sheet
form, as readily or more readily combustible
than wood, has modified this trend.

Of materials used on the exterior of buildings,
those used for roof covering are generally the
subject of restrictions from the standpoint of
spacing of buildings, type of construction, and
occasionally occupancy. This has been done
with the object of limiting the community fire
hazard. Also, such restrictions may be re-
quired i order that the exterior construction
may achieve a given resistance against fire
exposure from the outeide. The wall finishes
applied to wood construction present a con-
siderable range in this respect, including as they
do masonry veneer, stucco, metal, or wood
finish, Little recognition has been given in
building codes to the difference in the fire
hazard thus presented except for requirements
in relation to spacing from the lot line or adja-
cent buildings. ‘
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6. ResTricTioNs Basep oN DEareEe or Firg
RESISTANCE OF STRUCTURAL MEMBERS

Restrictions on the above score have been
applied mainly in the different uses permitted
for the different types of building constructions.
Whereas buildings of the Fireproof type can be
constructed to have a high degree of fire resist-
ance, that of the other types is neccssarily
limited from the standpoint of practicability
with the types of materials available. In some
codes, buildings essentially of the Fireproof
type are placed in two classes, a higher degree of
fire resistance being required for one than for the
other. Those to which the lower requirements
pertain are however limited as to height and
area, whereas few restrictions in these respects
are applied for the more fire-resistive type. In
the code developed by the Pacific Coast Build-
ing Officials Conference, the dividing line in
point of permissible height is placed at 85 ft.
and in other codes Tecommended requirements
have nearly the same limitations.

Assuming that Fireproof buildings are de-
signed to withstand a complete burning-out of
contents and combustible trim without collapse,
there should in effect be no limitations imposed
on the score of degree of fire resistance other
than in its relation to the expected fire severity
for the given building. However, considering
that public control over the amount of com-
bustible contents in a given building can be
exercised only within limits even where the
occupancy is subject to control, and further,
that the degree of fire resistance of building
members cannot be achieved within very
definite limits, there is justification for applying
more rigid restrictions to buildings with the
lower degree of fire resistance, particularly from
the standpoint of height.

For buildings generally associated with the
lower range in combustible contents, such as
residential and office buildings, it does not
appear justifiable even from this standpoint to
apply an unduly large factor of safety.
the expected fire sgverity is in the range X to
1% hr, a 2-hr requirement for high buildings
should give good assurance of stability under
fire conditions. It is noted that fire-resistance
ratings are based on the performance of mem-
bers near the lower range in size. For the

larger size of members used in all but the upper
stories of such high buildings, there would be
considerable increase in fire resistance above the
nominal ratings for the same kind and thickness
of protecting materials. Also, the structural
continuity inherent in the type of construction
increases the margin of safety on stability
above that indicated in test furnaces for com-
parable fire exposure and loading of segregated
columns, beams, and floor and wall assemblies.

For buildings other than those of the Fire-
proof type it is apparent that even in the range
of fire resistance up to ¥ hr a decided difference
in hazard to life and property is presented that
would justify recognition in height and ares
limitations. Present restrictions are based
largely on the use of the ordinary type of in-
terior constructions having fire resistance of

less than ¥ hr.

7. ResTrICTIONS BASED ON OccupAancy

The fire hazard of an occupancy can be

evaluated in terms of the number and concen-

tration of occupants, whether or not such occu-
pants are able-bodied and free or confined or
restrained, and the degree of combustibility and
amount of combustible building contents asso-
ciated with the occupancy. The larger places
of public assembly have been restricted to
buildings of the Fireproof type according to
some regulations, although distance of the main
assembly floor above ground, facilities for exit,
and interior finish apparently would be at least
equally important. Where the occupants are
restrained as in prisons, reformatories, and
insane asylums, rigid restrictions on construc-
tion and interior finish of buildings appear
justified, considering that disastrous fires from
the standpoint of loss of life have occurred even
in one-story buildings where these conditions
were unfavorable, Similar, although less rigid
restrictions with respect to permissible type of
construction, have been applied for hospitals
and schools. Many codes that permit several
types of comstruction for such occupancies
apply different restrictions to the respective
types in point of height and area. It is apparent
that buildings housing hazardous occupancies
should be restricted to some extent in point of
permissible type of construction, although
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other considerations—such as spacing from
other buildings, height and ares of building, and
the provision of adequate exitse-—may be more
im: ‘rtant. ,

The largest loss of life in burning buildings
oocurs in those housing o¢cupancies of the
residential type, including hotels, apartment
buildings, and other types of multifamily
dwellings as well as private dwellings.
Although associated with the lower range in
combustible contents and concentration of
occupants, there is apparently a considerable
hazard at night when the occupants are asleep.
The limitation in point of height for residential
buildings of other than the Fireproof type has
been variously placed at 3 to 6 or 7 stories.
Considering that the application of firestopping
to prevent communication of fire through the
ooncealed spaces in wood framing cannot be
assured, it appears that a reasonsble degree of
safety in the higher buildings having such
framing is difficult to obtain, The increased
safety with incombustible floor and other sub-
dividing interior construotion has been abun-
dantly indicated by the fire record. Also, there
would be less objoction to more rigid require-
meats in this respect if the required fire resis-
tance of buildings recognized as fully fireproof
for tho purpose were proportioned with respect
to the relatively low fire severity to be expected
from the oocupancy.

CHAPTER 111. SURVEY OF COMBUSTI-
BLE CONTENTS OF BUILDINGS

As an assistance in applying fire-resistance
requirements, surveys were made under the
asuspices of the Central Housing Committee of
combustible contents associated with repre-
sentative types of occupancies or buildings.
In tests that have been conducted to obtain
information on the intensity and duration of
fires in buildings, it has been indicated that
there is a fairly definite relation between the
amount of combustible contents and the result-
ing fire severity. This is applicable for the
buildings having the main structural elements
of incombustible materials of fire resistance
sufficient to preserve their integrity in a fire
consuming all the combustible -contents.
Considering the wide range in waight of the

combustible contents to be found in buildings,
it appears logical to proportion the fire resist
ance of structural members with reference
to the severity of fires that can ocour within
them.

In the surveys (see tables 7 to 17) the weight:
were obtained by weighing furniture and other
contents in sufficient number to enable the total
weight within an ares to be computed. The
weight of the combustible flooring and trim
was determined from the thickness and ares,
which method was also applied for fixed furni-
ture and other contents that could not be
weighed.

For a given room the doors, windows, frames,
and trim are included in general at one-half
their total weight. The combustible contents
and area of closets have been averaged with
those of the room served by the closet. The
totel weight of the combustible contents of
metal lockers, filing cabinets, etc., is included.
No weight is included for possible escaping
illuminating gas. In school surveys the con-
tents of the storage rooms represent the maxi-
mum weight ordinarily stored therein. Pupils’
desks are assumed to be empty. The weight
of pupils’ wearing apparel is not included.

In small areas, such as closets in resident:al
buildings, concentrations considerably higher
than the average were found, this being reflected
to some extent in the average for the rooms
which they served. A summary of combustible
contents of such closets is given in table 8.
Considering the small areas and the fact that
closet doors if not open are generally of iype
that will burn through inside of 10 minutes,
it is apparent that their contents should
be averaged with that of the adjoining
room or hall. It is seen that the greater por-
tion of the combustibles is in trim, lining, and
shelving.

These surveys indicate the range in com-
bustibles associated with the occupancies cov-
ered. Thus, for residential buildings, the
weight of combustible contents is uniformly
light. The same applies for school and office
buildings except for areas used for filing or
storage, which genarally constitute only a
small percentage of the total area. For ware-
houses the range is wider, although the con-
centration has some relation to the type of
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materials that are stored. It is probable that
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b + - N 8s1| 74 | 26 Lo 11D
Gymoasium......._... 4-R_._|9,350] 03 8.0 25 W
Gymnasium  suditorl. | 81-B. 448 %) 38 214 &1 Average. ... |oceeeeen. 1,384 8.1 | 2.8 07| 0.4
am.
Aversge........_.|.....- 6,839 | 038 48 20| 74 s Doors wlndows bueboard mouldlng, ste.
Lo20] 80 | 2.8 | 1.3l121 bW h Schoo
Ak ' ' . . R-—’I‘h eodore Roouevelt igh School
@) 81 ] 38| 20|67 o Cha fary Schoo)
Juom| <8 ) Lo | Dl &0 ,'g:g:g’t““ ‘C““oooll‘“’mlh&’hm
Average. ........|..... 1,04 80 | 22 | 12] 84 ¢ M—Ben W. Murch Grade School.
t 3-C.....| 980 2. Lb! B9 ,
Chemistry Jaboratory- | G| Wl &3 | 28 1B1 .59 TasLE_12.—Data taken from certain schools in Washs
DO. e 5B 1,024 | 8.5 | 1.0 0.8 &3 ton, D, C., ’?and vicinily showing the percentage of usabls
) o4t | % 21 TIEY Jloor area havi ustible contenis, between certain
Avernge ! limils, in pounds per square foot, and the area of each
Clothing laboratory 25~ 1,170 ] 5.2 | 2.8 10| 8.8 floor
Foodsandelot.hlng lab- | 53-8 1,842} &5 | L0 3.3] 7.8
oratory.
44 | L8 | 22 Combustible contents - |Ground | First |Becond| Third | Entife
for usable Boor | floor | floor | floor | PP
1.3 | 26 1.2 ng
5.4 | 26 sl o o 4 N
338/ 2.6 1.4' 7.3 Bethesda-Chevy Chass Senior mix{; School (Main Bullding), Bethesda
42 | 26 3.4110.2
7.7 | Lo 1.7110.4 - _
0.8, 2.6 2.6 149
7.4 1 10 0.3 87 Per- | Per- | Per- | Per- | Per-
thifts cent cent | cend | cent | cemt
73 | L8 2,0 111 14| 8110 | .. 2, 62
65,35 64.08
328 | 286 1.2 | 3.6 3.00 3.04
258 | 1,0 | 18.8 (404
26.7 2.6 151308 ) 020 + 1) R R O P, 049 . ... L2
B84 | 21| s4lame ot .| ..o foo | 00
26 | 28 5! &7 o I
________ 4,177
2.3 | 2.6 1l mo
12.5 | 86 2i11s
8.9 3.6 01168

469728° —42--

bt zd B

8ec footnotes at end of table,
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TasLe 12.—Data taken from certasn schools in Washing-
ton, D, C., and vicinity showing the percsntage of usabl
{anr arsa having combusisble contents, betwesn oceriain

<mils, in pounds per square fool and the area of sach

Aoor—Continued

Combustible contents | Base- |Ground! First |Seonnd! Third E&%K_‘

for usable floor ares | ment | floor | floor | floor | Boor ing
Central High School, Washington, D. 0.

e cont | com cont | coni | cond | oemt
08049 e acaaenraccaannn 88.34 | 73.81 | 67.90 | 44.90 | 85.87 | 68.20
55000 28 [ 98,10 [ 43.15 | 38.85 | 8.37
10 to 14 ] .08 400 5%
18 to 19, .z 1.'# &g
as 1 | ﬁ.g
o8 .
laa(guxt .2

100 loo  [100 100

4 ]

Usable fioor area. m{'a.u u.mm u’."m 254, 819
D. O

Per-

cont

50.34

.08

16.31

0.2

.7

|

.3

M

.03

100

&t’

70

, Washington, D, O

Por-

2ent
] 4.0

[ ] u. 4

g‘l &17
13 4]
'8
] ¥ u. .............. o wen :a
108.3 (pape: mm)‘; ..... - 8 |..... J PR . X
Total....ccocucnnnann 1V T O, 100 100 100 100

ol m | e
Usebie oo arws............ allea | ... [ 300 [ar, 900 [31, 600 whon
Chevy Ohsse Eletnsntary School, Chavy Cheas, Md

Per- | Per- | Per- | Po- | Pore | Por-

e | e |
23&8:: """"""""" 1783|0000 s7.18 | eldo |0l 4.1
0told9 | 628 1.08

Total.. covracnaran- 100 ... 100 100 100
n ]
Usable ficor area d_. .. .. 12,902 | u,ﬂm u,’ga ,_j.'i“ fm

Ben W. Murch (rade School, Washington, D. C.

Per- | Por- | Per- | Por-} Per- | Por-

wp coni cont Cent | cemt | comt | cemi

0tod9. ... 36.96 | 30.32 3814

5t09.9. _ 57.98 1 50.08 1 ____ . 58.58

10to 149 .. 508 - 28

58 (Janitor's storercom) __l.w ....... 0.80

Tota......ooeeoo N N i I T I i

.ﬁ ] I

Usable flcor area o, . ... .-...-....’.’:.-.l 70 {15,8% |....... 1, 500

;Wygﬂ‘#mt.vm tar oontain boller rocen only.
+ Exsiugve mgm&n,i room only.

Tasiz 13.—Summary data for Medical and Surgical
Building, 8t. Elisabeths Hosprtal

] Oombustible contents
E = E 3 Total
Oooupancy 3% m |
5 E 58 g
[ 1
i 115 |3 1Rk
Z 2 Ik < b
Adminbtrative
] W@ (i u,?;‘f’"”‘ig Y
Administzative offioe...... 8 i?lu 6. W 8.10 13./40 2.4
Doctora’ offios........... 8] 48570200860 /[14401] 810
Waiting rooms............. 95 1.40 1,80 [ 5.20] 410210
Nurss_ offioss and rocms. 181,798 (8,10 | 1.00 | 8,00 11250 | 8,10
Nuress' training wof 19(886133290]1.80(4.00[14.50 110
Nuriis' Infirmary. ... 11]5,50 |0.88 1315800848280
Library and 8. . 1 04 | 5.90 | 280 | 7.70 j..erni)en.-
Bervics
26 15,108 |._.... 260 285|320 |08
411,000 0,14 048051170030
81 7181100 1.85(3.76 1270 | 0.0
71825 /0203308465010
2] 836 4.401060 5001240 | 380
10] 980 ) 100 |1.40(2.40]7.76] 600
14 11,675 | 1.70 | 4.00 | 5.70 {10.40 | 1. 50
8]1,70|090|05 1.4 300 120
Olinloal
184,37 1070(3.10] 1.80 [10.60 | 0.20
2/ 300|210|110)3.20]280]22
4 976|280 | 1.60| €40 | 7.0 2.0
8817471200 1.00]3.90 (7.60 | 080
311,228 1090 | 1.00] 260 3.60] 1.70
2| 8,511/090)]1.5 288218
$11,018040)285{2900(831]2%
3 790080 2.40830|8.8 ! 3250
6|8,508 00004130 38 ;000
[} 545 | 1L.40 | 4.00 | 540 5.80 | 8 00
amu. 81,179 /880 |00 7.7 ]11.80] 6.80
DEM’%W 1:786 1.903.4013.00!6.901370
Lavsiociss, o] 8 0,304 | 080 [ 1,40 100 40| 0%

Oombasiihie finish whece t «n. thiok linole, ~.
somred £ Eive et voiat of Ty et was H-in. thisk lincleum

Tanre 14.—Summa t of data for Neuro- ’
airic Contomusd Tooatriont D 81 Hbogons

L] Combustible contents
g g EE Total
Ocoupsacy ‘8% 3 gh * g 11
AR
E 2 b B‘g < | & g
Administrative v
v i vl P I A AL AL AR AL
Walting room. - 1| 18| u7| vs| 83| 83! 32

ST e o et i

A ving 604 17 ares are Dot
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TaBLE 14.—Summary of part
atric Continued Treaiment

Hospital—Continued

é data for Neuro-psychi-
uilding, St. Elizabeths

8 Combustible contents
E Bt gag.! Tota!
Occupancy 3% G e e
3 2 el IR ® g 5
SRR
g 313 §§ 2|8
Z. B[R B < | = | =
Service
fis [ Iffes | Dffes | ib/fes | Wi | e bife
Corridors. . . ___.____ 88178 00| 2.4 2.”: ‘j2 ({.2
Heating and mechanical
servioes ___________.... 2 012 03] 1.0 33 .8
Laundry rooms and
clothes storage.________ 12 016 | 125 .6|18.1 (280 1.3
Janitors’ closets and sup-
331 29| L4| 43] 43| 4.8
11,320 | 21| 00| 21} 21| 21
Lockers. tollet.s and bar-
............... 912005 0.1} 01 2] L4} OO
CHuleal
514076 2.4 01| 28| 75| 03
W7, 67 8] L8| 41 .8
281200 B 16| 217 28] 11
8| 7,680 71 01| 0.8} 81| 0.7
1 Bo4 .5 .0 51 0.8 .5
1 360 .0 .1 .1 .1 .1

TaBLE 15.—Summa

data for Tuberculosis Infirmary,

St. Elizabethe Hospilal
8 Coeabustibile soatents
E : E M Total
Occupancy ’sg ]
AHI P
Z g = Bg < | 2 |3
Administrative
Administrative office and | b ibjyn | B/t | ibjfes | Ibjfe | Lo/
records.._______._.___.__ % % ‘ ’ 0 3{5 é{b 5{5
Doctors’ offices. _.._..___. 2 44 9] 20 29/ 85} 323
Attendants’ offices. ___.._ 2 18 3] 4] 87 44} 29
Whalting rooms.__________ 3 500 1} L3{ L4] L4| 14
Bervioce
Corridors...___...._..___ 213,40 ( 00| 1.2| 12 1.2 L2
Mechanfcal services and
incinerator. .___..__.... 3 70 8] 02| 0.5 08| 0.3
Kitchens and dining
.................. $|Lé| .7} LO| LY} 24 .8
Janitors’ closets and sup-
ples . . __ .. . ______ 7 47| &1] 84} 45]158| 41
ber shops, lockers,
and t8. .. 2 64 02)] L3| L4 L7} LB
Clinioal
2| 188 07| Lol r7) 2ol 15
17 | 4,835 81 20| 28] 40| L9
22| 33812 5] 82| 87] 40 28
2 bor] 4| 88| 87| &7| 8.7
, patlen 4 | 4,880 0| L8| L8| 1.8} L3
Sterilizers and clothlnc T|L,543; L7 28| 40|127| o8
Lavatories, 8, oto..... 811,47 00 08| 0.5]| 0.8 4

» Combustible floor finish w
assumed to

t K-ln k Jinoleum,
to give equivaient d i lblg‘“n b w.
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TaBLe 16.—Distribution of combustible conients, Si.
Elizabeths Hospital

Medioal .
Combustible contents for usable and g:‘::g‘z%‘i T",z':l';‘“’
floor arca ggf d‘l::t Bullding | Infirmary
ibjfer Percent Percent Percemt
Otod® .. ______.. 82.1 9.0 93,2
5t09.9 15.4 7.8 0.3
: 1.6 0.7 18
0.8 ... ... 4.4
.4 .7 6.3
1t 1o ) o

Usable floorarea. .. ..____._____ . 84, 535 36, 964 23, 2R

TasLe 17.---Summary data for three warehouses

Combustible contents
P oo
Burvey loor . posed
No. Portlon of building aren b;l:lz wood-
rop- | Floor | work | Total
prop other
erty than
floor
b, e | Wi | Wi
17 8.2 ] 7&
hea| 10| vo.4| 83
Wl : 0| 63| o |a;02
3d floor. .| 10, . 0 0 6.6
8d foor (total) ... .| 38,673 | 160.8 4.3 [} 185.1
Entire building .. .|185 085 | 1068 7.8 »0.1 | 174.4
e8!l o 0 6.8
13.6; 0 1 4.6
4 0 1.2 83
127 0 23] .9
8.4 0 1.9 10.3
12.2 0 8.8 160
9.6 0 .51 11
0 0 0 0
16.3 0 0.8} 17
18.0 [} 23| 183
10.8 ] 21 127
Entire building. . .[«52,326 | 143 0 1.7 18
s W-1-—-Warehouse for printing department.
» Wood tlon of 3,360 fbm
¢ W-2—Wnarehouse for deputment store

4 W-3-—Warehouse for department sto
¢ Not Including first ficor which Is used only for merchandise in transit.

CHAPTER 1IV. FIRE-RESISTANCE RAT-
INGS FOR BUILDING CONSTRUCTION
AND MATERIALS

1. Fire-REsisTANCE RATINGS FOR LoaD-BEAR-
iNG MasoNRY WaLLs

(a) Test Conditions

The fire tests cited below were conducted in
substantial accord with the Standard Specifica-
tions for Fire Tests of Building Construction
and Materials, ASA No. A2-1934. According
to this specification, average indicated furnace
temperatures are required to conform to the



following values within allowable tolerance
limits:

1,000° F at 5 min,

1,300° F at 10 min,

1,550° F at 80 min,

1,700° F at 1 hr,

1,850° F at 2 hr,

2,000° F at 4 hr,

2,300° F at 8 hr,

and continues at 2,300° F.

The fire-resistance period is taken to be
reached if:

(1) An average temperature rise of 250° F
or & maximum rise of 325° F, measured with
thermocouples under asbestos pads, is attained
on the unexposed side of the wall.

(2) Passage of heat, flame, or gases hot
enough to ignite cotton waste occurs.

(3) Failure under the design load occurs
(load-bearing constructions only).

Walls must also stand the fire and hose-

stream test and, for load-bearing construction,
the loading teat within 72 hr after the comple-
tion of the fire-and-hose test.

Most of the brick test walls were laid up in
1:1:6 portland cement-lime mortar. Some solid
walls were Jaid up in 1:3 portland cement or 1:3
lime mortar, these proportions being based on
volume of cementing materiale to that of damp
sand. They were tested restrained within the
panel frame, unrestrained with freedom for ex-
pansion and deflection at sides and top, or un-
der a constant working load of 160 lbfin.? of
gross area, except that the 4-in. walls without
pilasters were loaded to 80 1b/in.? The ratings
for 8-in. or heavier solid walls can be taken to
apply if laid in any of these mortars. For 4-in.
solid walls and all hollow walls the mortar mix
should be not leaner than 1:1:8 proportion.

The structural tile walls were laid in 1:1:4
and those of concrete blocks in 1:1:8 portland
cement-lime mortar. The respective ratings
given should be taken as applying where mortar
mixes not leaner than these are used. The
walls were loaded during the fire test to 80 1b/in.?
of gross area.

The hollow brick walls with 70 percent of
solid material were loaded to 120 lbfin.? and
with 87 percent of solid material to 160 Ib/in.%of
groes area. The brick cavity wall made up of
2 wythes of brick laid flat with a X in. metal tie

between them for each 3 ft* of surface is rated
for an average working load of 40 lb/in? of
gross area which may be applied eccentrically
to give & maximum stress at the fire-exposed
surface of 80 lb./in.?

(8) Sources of Data

(1) Fire resistance of hollow load-bearing wall
tile, BS J. Research 2, 1 (1929) RP37.

(2) “Fire resistance of concrete masonry
units’” by Carl A. Menzel, Portland Cement
Association, January 1934.

(3) Original data from National Bureau of
Standards tests of brick and heavy structural
tile (clay or shalc) walls, partly summarized in
Letter Circulars L.C 228 and 229.

{4) Underwriters’ Laboratories tests of con-
crote masonry walls.

(6) Unpublished results of recent tests of
concrete masonry walls at the National Bureau
of Standards.

(¢) Extension and Interpolation of Test Results

When the test data were directly applicable,
the ratings were taken generally at a little be-
low the average of the test results where there
was an appreciable variation. A few ratings
are based on limited interpolation and exten-
gion of a line of related test data made by the
method given in section 1 of appendix B.

(d) Effect of Plaster

The constants for use in the formula for de-
termining the fire resistance of plastersd walls
given near the end of section 1 of appendix B
were derived from available test results, and
all the ratings for plastered walls were made by
the use of this formula. The average thickness
of plaster applied in the different series of
tests ranged from ¥ to ¥ in. The thickness for
which ratings are given are those most likely to
obtain in building construction considering
what must be done to obtain a true surface.
Thus ratings for plastered brick and concrete
block walls are for X-in. plaster thickness and
in the case of structural clay tile for %-in. thick-
pess, Ratings for other thicknesses can be
obtained by substituting the appropriate
constants in the formula.

Tests of four hollow concrete-unit walls show
the effect of one coat of plaster on the fire-
exposed side to be about the same as for one
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cont of plaster on the uncxposed side.  No tests
have becn made with plaster on the unexposed
side only of clay hollow-tile walls. However,
the ratings given in the table for plaster on one
side are believed to bave sufficient margin of
safety to be applicable for either condition.

(¢) Combustible Members Framed into Wall

The fire-resistance period, when combustible
members are framed into the wall, is taken to be
reached when an average temperature rise of
325°F, or a maximum rise of 422° F, is attained
at a point 3% to 4 in. from the side not exposed
to fire.

Average test results show that the ratings for
unplastered walls into which combustible mem-
bers project will be the following parts of the
rating for the same unplastered walls not thus
modified. These factors may be applied where
definite test data are lacking.

(1) All walls with 1 cell in wall thick-

NEBB.. . oo em e two-fifths,
(2) 8in. walls with 3 cells in wall

thickness_ . _ .. _._._.__._ two-fifths.
(3) 8in. walle with 2 units in wall

thickness. . _ _ o cmeecmans two-fifths.
(4) 8-in.eolid walls_ .. __ ... _____ two-fiftha,
(5) All walls with 2 cells in wall thiok-

NOBE . .o imrammce e one-half

(6) All 12-in. walls (except walls with
1 or 2 cells in wall thickness). .. two-thirds.

If such walls are plastered with %-in. 1:3
sanded gypsum plaster on the side opposite the

framing, add % hr if the rating for combustible
members framed into the unplasterod walls is
2% hr or less, and add 1 hr if the rating is 3 hr
or more. For %-in. plaster thickness these
increments are somewhat greater, as indicated
in the ratings for walls of clay or shale structural
tile. For plaster on the same side as the fram-
ing and for plaster on one side of walls with com-
bustible members entering from both sides, no
increase in fire resistance due to the plaster can
be assumed, since the wall may be exposed te
fire on the unplastered side.

If hollow spaces (cells) surrounding the ends
of combustible members are filled solidly with
masonry the rating will be the same as for in-
combustible or no members framed into the
wall, except that the rating cannot exceed the
rating for solid walls of the same thickness with
combustible framing. These limits can be
taken as follows:

8-in. walls unplastered .._____._________. 2 br.
8-in. walls plastered on fire-exposed side or
botheldes. ... _________ 2% hr
12-in. walls unplastered. _.__.___________ 7 hr.
12-in. walls plastered on fire-exposed side
orbothsides_ _ ... .. ___. _____ 8 hr.

(f) Fire-Resistance Ratings

Fire-resistance ratings for masonry walls are
given in tables 18 to 23, inclusive. All arerated
as load-bearing unless otherwise noted.

TapLe 18.—Load-bearing brick walls

Ultimate 8Sre-resistance period
Incombustible members | Combustible mem-
framod Into wall or mno bers framed into
Nominal wall Type of wall Material framed-in members wall
Plaster
No plas- g}]‘::‘: Enl‘f‘ff: Noplas-|  on
ter side | sides | 'er | exposed
hr hr hr hr Ar

134 13 P73 IR R
8 7 2 214

10 10 s12 8 9
2 3 4 1 1%

5 [ 7 3 4
4 [ N P S PR
lg lg ------- P T T Bt

2

134 2 [ J P IR ?‘

[ 7 8 24 8

13 14 16 8 9
A A gl

k10 » 10 512 9 10

» Based on load fallure. If based on temperature rise, the fire-realstance period would be 12 hr for the unplastered wall, 13 hr for plaster on one side,

and 15 hr for plaster on both aides.

b Based on wall failure at 10 hr. If based on temperature rise, the fire-resistance perlod would be 14 hr for the unplastered wall, 15 br for plaster on

one » da, and 17 hr for plaster on both sides.

Nors.—Not less than }-in. 1:3 sanded gypsum plaster is required to develop the above ratings for plastored walls.
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T:sLB 19.—Load-bearing walls of clay, or shals, corsd
bricke
N ST
% Ultimata fire-reaistance perfod
% !neombmtlble bgombnuzb:;.
§ | mamberyiamed |oiememl
gs fnmed-lnmunbou lntqwuu
N:)mimlwdl .
1k ag eyl
THIEE
B i 2 | A 2 &
1 1l 70 " el "4 v .{
1 3| 7 ?‘ : 7 3 ‘u
3l 2| 87| 5 el 7l 2| 4
3 3| 87|10 | »10] =22| 8| o

poriod o pe 1 he b the Wzﬁ'&m e
W un 3 on one
side, and 1¢ hr for plaster on both sides.

Non—-Notlusth-n in, of 1:3 sanded m plaster 18 required
to develop the mﬁ; for plastered wi cﬁm

TapLE 20.— Load- boaru‘w zdh of clay, or shale, siruc-
ur

Ultimats fire-resistance perfod

ﬁ' ble Oombmti-
bt *’::'.. e

into orno
5 A intownll

Nomina! wall
i 115 g
111 : 1
2| g i 55 1B il
L

B3 3 5 s |3
hr 1 Ar 14 Ar Ar
I R
1 2 46 1 1 b
il 8 20 21 P b
HIEEER i i
3ord 44 24 4 1 1
Sord [+ 3 E:] 3 ?‘ 3

3 40 W 4
8] 4| 32 4 5 Bil 34
3 [ ] 3 4 8 3 4
IR IB«sRIBIRTR”
) [Jord 5 ] ] 7 3 4
4orl 40 L] ] s [ ]
dor8 4 [ ] 1 4 &
{orl 4 1 8 10 ) (]
Soré 49 8 9 11 ] 8
Sord 81 '} 10 1% [ 7
Soré 53] 10 11 13 7 8

wolid material (n units dnn abovs, &ﬂl‘: “ “%

..ﬁ""""‘ﬁ ¥R e R

tle 'ﬁ wlth ABTM spacifioations from the
i i 'wm pisatar is required to develop

Nﬂlla"-
lmd

TansLe 21,—Lood-baaring brick-faced walls of clay, or
shale, #tructural tile

Ultimate fire-
rexistanoe
Non:%?ﬂ
Wi Mpﬂm
thinknae
No | Plaster
plnster | inside
in A »
® 8. . __....] +in. 40 pervent solid tile plua 4-in. brick 234 4
1o 8-in. 40 percent sclid tlle plus 4-in. brick 6 7
0 A srig;” 70 percent solid tile plus 4-n. hrisk | » 10 .
-Bnedonvd]hﬂnm It based on ternperatura rise, the
uitimate fire-reaistan. odwouldbollhrfar the unplsstered wall

andﬂhrlorthowall tered an one sid
Norx.—Not Jeas than 5-n. of 1:3 mded gypsum piaster required to
develop the above ratings for plastered walls.

TasrLe 22— furred and cavity walls of
clay, or ama )

structural tile
TUhtimats fire-
reslstanco
Nominal
wall Deasaription
thickmam Plaster | Plaster
on one | on two
side
Ar br
.| Sdn, 40 t solid tile plus 2in. fur- 5% .
'rm 4n. 40 percen uoxumu ' with’
spaos Detween. ... ooofeecennn. 4

Nors.~Not less than 3¢-in. or uoooonuld
a8 T, B Dlatey Thaine b el o Daeuir ot fiooo potalde

TasLe 28.—Load-bearing wa:‘l: of cored concrete masonry
un

2 | Uittmate Are-restt-
- anos perlod
32
55 | Incombustt-| Com-
Cg | bleorno [bustible
§ members |[merabers
4 frams
Units In wall thicknes g fnto wall |intow
8 "
3 3 Sgl%gl, Iig
- 1E3L
] JERN L RS
814 |22 F 2
A. Units made with expanded slag or pumios aggregates
" Pt ae | e[ ar | ar
B | leiicmmmcemcnnrencncennnnanas 1 018 (4 18 |....]----
[ T, 1 W4 8 ...l
3 i 1] 88 |4 |8 lu 1M
[} 1 e3[4 (8 16 1K S
10 |1.. 1 6018 |8 |T |3 (324
10 b. 8| 624 ;8 |8
avity type 3:n, alr space.
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TasLe 23,—Load-bearing walls of cored concrete masonry
units—Continued

I

Ultimate fire-rosist-

a ance period

25

Eg Incombusti- | Com-
g ©q | bleorno |bustible

g gé members members

b tramed framed
£ Units In wall thickness B! tntowall lintowal
- = B
3 a 1= ;
: 1 Eg ERE
B 14
] TERHLE ]
Z 2 | Za & B

'

B. Units made with expanded burned clay or shale, arushed limestone,
alr-oooled slag, or cinders

Ar Ar i |he]be|hbr
- J I R 1 52132 | 214 344l M1
[ I 1 621348 14 |1 |1
B |1 1 70(3 (4 |8 |1} 2
10 |1 .. 1 Wi 4 (5|6 |14 2
12 | bl 1 B5i4 |5 {6 |14 3
12 (1. 1 636 16 (7 (3 2
8lel 2. .. 2 85| 344 |8 | 1M L
13 (3 ... a 8|7 (8 |94 18
8 {2 ... 1 825 |6 J P
33%4-in. brick face.
BYl 2 o mmmmeanaa- 1 4 |06 foofai]eee-
244-in. brick face,
10 | 2 e eann 2 623344 |8 |14 2
Cavity type 3-in. air space.

C. Units made with oaloareous sand and gravel. Coarse aggregste, 80
percant or more oaloite and dolomite

10 | 3o cacnaaa 2 61| 14 8 | 1M

1
Cavity type in. air space. ¥

D. Units made with siliceous sand and gravel. Ninety peroent or more
quarte, chart, or fiint

|- S S 1
L T 1
12 | 3 el 2

&3x

a- ul g% ;:n RE

5 |6 2 3

Notx.~—Not less than'li-In. 1:3 sanded gypsum plaster is required to
develop the above ratings for plastered walls. e

2. Fire-REsisTANCE RaTINGS FOR MASONRY
PARTITIONS

(a) Test Conditions

The fire tests upon which the ratings are
based were conducted in substantial accord
with the Standard Specifications for Fire Tests
of Building Construction and Materials, ASA
No. A2-1934, the fire-resistance period being
taken to be reached if any of the following

occurs:

1. An average temperature rise of 250° F
or a maximum rise of 325° F, measured with
thermocouples under asbestos pads, is at-
tained on the unexposed side of the partition.

2. Structural collapse or passage of flame
or of gases hot enough to ignite cotton wastc.

For a full rating the requirements of the
hose-stream test also must be met. Partitions
having ratings of less than 1 hr require no
hose-stream test. Those having ratingsof 1 hr
or more require & hose-stream test after a fire
exposure equal to one-half the rating period,
except that for ratings of more than 2 hr the
fire exposure before the hose-steam test need
not be of more than 1-hr duration.

(b) Sources of data

(1) Magnesium oxysulfate wood-fiber blocks.—
The ratings were taken directly from the results
of fire tests conducted at the Underwriters’
Laboratories and the National Bureau of Stand-
ards. The material is shredded wood (excelsior)
bound with magnesium oxysulfate cement.

(2) Hollow glass blocks.—The rating was
taken directly from the results of fire tests
conducted at the Underwriters’ Laboratories.
The rating given is for glass blocks used as
partition material and not as an opening

" protective.

(3) Gypsum blocks.—The ratings were based
on fire tests conducted at the Underwriters’
Laboratories and Ohio State University (Ohio
Engineering Experiment Station Bulletin No.
104, A Study of the Fire Resistance of Building
Materials, January 1940, and more recent
tests), the ratings being limited by considera-
tions of the stability of the partition when
exposed to fire rather than by temperature rise
on the unexposed side.

(4) Structural clay tile.—The ratings repre-
sent the lower averages of the results of fire
tests conducted at the National Bureau of
Standards and Ohio State University (Ohio
Enginecring Experiment Station Bulletin No.
104, A Study of the Fire Resistance of Building
Materials, January 1940).
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'8) Hollow ooncrets unite.—The ratings repre-
sent the lower averages of the results of fire
teats oonducted at the National Bureau of
Stendards and by the Portland Cement Asso-
ciation (Tests of the Fire Resistance and
Strength of Walls of Concrete Masonry Units,
January 1934). These results, as for structural
clay title, have been interpolated and extended
arcording to the principles outlined in appendix
B, section 1, chiefly for the ratings of some of

TasLn M.--Miscdlansous nonbearing masonry per-
tittona

Ultimate Arg-roalnt -
anos parfod
No Pluwr

on both
plaster nides

Desoription

Magnssium oxysulfate wood-fiber blooks »

25, blooks laid in portland cernent-lime mortar . .
3-In. blooks Iald in portland cement-lime mortar, .

-

Hollow glass blocks

th lasto conist h 8- by rt‘ﬁiin blookag%—!n thiek, hweizlﬂ; t.:llb ear%h
red . cement-lime mortar, horlsontal mortar
© plas sirucions oints reinforoad with metallath.. ... ________. U
(¢) Fire-Resistance Ratings Gypeum blocks b
.................................. | I T,
. . . .. a—ln blmknnoth.thmmpumm solid. . ____.. 1 3
Fire-resistance ratings for masonry partitions - hollow bloeks_ ... 770 3
. Y . A 5-in. solld bloch ................................. 4
are given in tables 24 to 26, inclusive. They
are all rated as nonbearing g e Salo e sbors mEnes 05 pnﬂ'"ﬁ'?nf' I re
' e iy et ey B
D 3 an . TV sanded gyp-
nﬁmp Is regy to develop the e ratings for p par-
titions.
TasLe 25.—8tructural clay tile partiiions
[Laid in portland osmant-lime mortar]
Ultimate fire resistance period
Plazter on unsx- | Plaster on fire-ax- Plaster on both
Description No plaster posed side posed side sides
) (B) (A) (B) {A) () (A) (8)
Obs ocell in wall thicknass
Ar min | Ar min [ Ar min [ Ar min | bz min [ Ar min | Ar min | Ar min
$-in. partition, units not Jess than 50-pement wolld. .. 0 ¢ 2|0 ;0 0|0 3 4 0 45 1
4-in. partition, unite not less than 40- nolid 2 28 30 45 45 1
4-in. partition, units not Jess than ao-pement anlid 2% 30 4811 1 115
¢-in. partition, units not leas than 30-percent mlid ] 38 4] 1 1 15 1 30
&in. partition, units not less than 40-percent solid 30 w1 1 o5} 1 15 1 B
&In. partition, units not lees than S0-peroentsolld.. .. . ... .. N 38 45 1 15| 1 18 0
4{n. partition, anits not less than 80-paroent solid . 38 w1 1 1|1 3|1 380 2
#-{n. partition, units not less than 48-percent solid................. 1 1 1 1|y 18j1 sl 1 80 H
Double shelle plus one cell in wall thioknes
44n. partition, onita not less than 45-percent solid.. .. ... 2% 1] 8 a1 1 13 1 B
Ons oell in wall thiokness, cells fillsd with brodwn tils, orshed stons, slag, cinders, or sand. mixed with mortar
#4n, partition, units not less than 40-percent solid. ... 1 1 11 »!1 |1 4|1 48 3 % 2 &
&-in. partition, anits not lees than 30-parosnt solid 22211227100 3 2 $ /9% 0|2 |3 ;3 | 3 2
NoTEs.—Batings In enlumn ?B; are for danse hard-burned olay or lbslo
Ratings in column (B) ave for madium-burned clay nlula tilo are nnder ( ).
Not less than 3¢-in. thicknees of 1: 3 ssndad gypeum is recjulred to de ve Tatings for plastered partitions.
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. TaBLe 26.—Partitions of hollow concrete units

[Ratings based on one unit and one cell in wall thickness)

Ultimate fire-resistance
perlod

No Plagter | Plaster
on one | on two
plaster | “gge | sides

Partition

A. Units made with expandoed slag or pumice aggregates

3-in, partition, unit not less than 73 perosnt Ar Ar Ar

sold_ o pecieeo. 1 14 2
4-iu partition, units not less than 62 percent B _ o
AOMA. .. eiiias 134 184 171
Ms!tl:ol i];ardtlon, units not less than 78 perocent % 2 2
6-in. partition, units not less than 49 percent '
soMd . i rcaaeas 1% ] 26
8-in, partition, units not less than 63 peroont
solld i ieeiao.. 2 24 334
6-in, p tion, units not Jess than 73 percent s . 5

B. Units made with crushed limestone, blast furnace oin and
expanded burned clay or shale sag, einders,

3in. pnrtldon, units not less than 73 peroont

solld. e X 14 13
&i;l lpart.id tion, units not less than 85 percent . ™ 2
4in. partition, units Dot less than 73 peroent

L S U 1§ 1% H

6in. Eartmon units not less than 49 percent

ol icaciraiemapas 1 13 2
M'x‘:)u partition, units not less than 63 percent % 3 )
o-in, partition, anits hot Jess then 78 parosat w s .

O. Upits made with celoareous sand and -Colna aggrogate, 60
percent or more uldte m%‘dolmnm

4-1'1‘1)1 partition, units not less than 62 pereent

Lo Y 34 13
D. Units made with dllooous sand and mvel. Ninety percent or more
artz, chert, or fiin
4in. partition, units nat lees than 73 percent 1
sold. i b4 1

NoTE.—Not less than

. thickness of 1: uu:ded ry‘rmm sater Is
required to develop the a ot

ve ratings for plastered

3. Firp-ResisTaAncE RaTINGS ¥OR StTEEL-
FramMeED PARTITIONS AND STEEL-FrRAMED
Brick-VeENEERED WALLS

(@) Test Conditions

The fire teste upon which the ratings are
based were conducted in substantial accord with
the Standard Specifications for Fire Tests of
Building Construction and Materials, ASA No.
A2-1934. (See under section 1 (a), ““Fi
Resistance Ratings for Load-Bearing Masonry
Walls,” or under section 4 (a), ‘Fire-Resistance

469728°—42——F&

Ratings for Wood- and Metal-Framed Par-
titions.”)

(b) Source of Data

The ratings given herein were taken directly
from the results of fire tests conducted at the
National Bureau of Standards.

(c) Plaster

Plaster proportions are given in the tables as
weight of dry plaster to dry sand. The ratings
can be taken to apply if a finish coat is included
in the given plaster thickness. See ‘‘Fire-
Resistance Ratings for Wood- and Metal-Frame
Partitions,” page 33, for the method of
measuring plaster thickness. The plaster
thickness is taken from the back of flat lath
and the back of the flat portion of ribbed lath.
Plaster noted as ‘‘neat” is to taken as unsanded
wood-fiber gypsum plaster.

(d) Fire-Resistance Ratings

The ratings given in tables 27 and 28 are for
the indicated facings secured to lightweight
steel studs not less than 3 in. in depth. The
spacing of the studs will be governed by the
loading, the ratings being for loads developing
a stress of not more than 7,270 1b/in.? of the
net area of the steel studs for the partitions and
5,120 Ib/in.? for the brick-venecred walls. The
spacing of the studs is to be such as to afiord
adequate rigidity to the metal-lath or gypsum-
plaster base. All construct,xons are rated as
load-bearing and designated as combust,lble
only when noted.

TaABLE 27.——Steel—framd portitions ~ *

iz g
Tltimate
Partitions faced on both sides with— fire-resist-
. anoe perind
r
3{-In. sanded gypsum pluw 1: 2for scratch coat and 1:3 for
brown cost, onmetal lath_ ___ ... ... ... %

3¢-in. sanded gypeum plaster, 1:7for soratoh and brown

§-In. sanded gypeam plaster, 1: 2 for scratch coat snd 1:3for
brown ooat, on metal lath

14-in. seny
coatn 7 % D

¥-in. n«tmm lastor on metal Jath._ . __ -

1-in. neat gypenm plaster on motallath. ... .. ... ... .

" ;}I;or pertitions Yoaded not 10 excead 5,120 1b/in.2 of stud area the rating
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TABLE 38.—Steel-framed brick-venesred walle

Ultimate fire-
resistance
period
Brick-veneered walls fnced as indioated
Plastar | Brick-
side side
exposed| exposed
[ [
On one sids, of 1-in. magnesiam oxysulfate wood fiber-
bourd sheathing attached to studs, 1-in. air spaoce,
and 3%-n. brick securad with meial thes to steel
frame avery fAfth course. Inside facing of 76-in. 1:2
snded gypeam ph on metal lath secured di-
rectlytostods. ... ... ... 1% 4
Same as above except wiih 74-4n. vermiculite plaster
nefdefacdng e [}
On one side o!ﬁ-ln.woodn lhuthhfnct :
to studs, $-in. alr space formed %- by 13¢4n,
wood strips placed over the fiberboard and
to the studs; m-bwhd wire Iath nailed to
3%-n. venser bheld in place by [
Mdn mubum:ho °|‘nd

perienll R tY
%7 S LEREIYE I b A g

4. Fre-ResisTance Ratings ror Woop- AND
MEeTAL-FRAMED PARTITIONS

(a) Test Conditions

The fire tests upon which the ratings are
based were conducted in substantial accord with
the Standard Specifications for Fire Tests of
Building Constructions and Materials, ASA
No. A2-i934, the fire-resistance period being
taken to be reached if:

(1) An average temperature rise of 250° F or
a maximum rise of 325° F, measured with
thermooouples under asbestos pads, is attained
on the unexposed side of the partition.

(2) Passage of heat, flame, or gases hot
enough to ignite cotton waste occurs.

(3) Failure under the design load occurs
(load-bearing constructions only).

For a full rating the requirements of the hose-
stream test must be met. Partitions having
ratings less than 1 hr require no hose-stream
test. 'Those having rating of 1 hr or more re-
quire & hose-stream test after a fire exposure
equal to one-half the time of the rating, except
that for ratings of more than 2 hr the fire
exposure before the hose-stream test need not be
of more than 1-hr duration.

Partitions involving material which buuns
freely during the fire test or continues to flame
after the furnace fire is shut off are rated as
“sombustible.”

Only wood-stud partitions were tested under
load, the loading being on the basis of 360 1b/in.?
of the net area of the studs.

() Sources of Data

Results of fire tests of 147 wood- and metal-
framed partitions conducted at the National
Bureau of Standards (see Building Materials
and Structures Raport BMS871) and 9 fire tests
of wood frame partitions conducted at the
Underwriters’ Laboratories were used as »
basis for the ratings given herein.

(6) Interpolation of Test Results

Most of the ratings were taken directly from
the test results and represent the lower averages
of results of tests in the case of duplicate or
similar partition tests. Some of the ratings for
partitions having facings of sanded gypsum
plaster on metal lath were interpolated ac-
cording to the method given in appendix B,
section 1. Partitions which were not subjected
to the hose-stream test have been given ratings
on the basis of comparisons made with similar
partitions that heve qualified under the hose-
stream test. Accordingly, all partitions rated
can be taken as having met such reqiirements.

(d) Framing

(1) Wood framing.—Ratings are for 2- by
4-in, (nominal size) wood studs (No. 1 Com-
mon or better) set edgewise and having 2- by
4-in, wood plates at top and bottom and
atayed transversely at midheight with wood
blocking.

(2) Metal-Framed, Hollow Partitions.—Rat-
ings are for any usual type of nonbearing metal
framing providing not less than 2-in. air space.

(8) Metal-Framed, Solid Partitions.—Ratings
are for ¥-in. channel framing or, in the case of
sprayed-on portland cement mortar, reinforce-
ment of 4-in. square mesh of No. 6 gage wire
welded at intersections (no channels).
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(e} Firestopping

The actual protection given by a partition
construction may be less than the rated fire
resistance because of passage of fire around the
borders of the partition. To prevent this
occurrence the spaces in the wood framing ad-
joining the partition must be closed or filled,
preferably with incombustible material,

(f) Mineral-Wool Fill

For the ratings here given “mineral-wool fill”’
can be taken as rock-wool bats weighing not less
than 1.0 Ib/ft* of wall surface, glass-wool bats
at 0.6 1b/ft? or rock wool blown in and weighing
not less than 2.0 1b/ft* of wall surface. ‘‘Wall
surface” above applies only to surface of filled
space. Where particular methods of securing
the fill in place are required, this is noted in the
tables.

(g) Board Facings and Plaster Baases

“Fiberboard” can be taken as wood or cane
fiberboard of light or medium density, the mini-
mum weights being as given in the tables.
“Metal lath” can be taken as expanded metal,
wire lath, or paper-backed expanded metal or
wire lath, the weights to be as usually specified
for the different types of construction. Other
types of board facings and plaster bases are as
given in the tables.

(A) Plaster

Plaster measurements are taken from the face
of the plaster base except that for metal lath the
thickness is measured from the back of the lath.
For corrugated or ribbed plaster bases the thick-
ness is taken as the average thickness of plaster
applied to the base. Plaster proportions are
given in the tables as weights of dry plaster to
dry sand, the first ratio being for the scratch coat
and the second for the brown coat. The ratings
can be taken to apply if a finish cost is included
in the given plaster thickness. Mixtures richer
in plaster can be substituted for those given.

Where other aggregates than sand are used,
these are indicated, the last figure in the com-
bination being for the sand. Plaster noted as
“neat’” is to be taken as unsanded wood-fiber
gypsum plaster.

Volumes of loose damp sand corresponding to
the required weighte of dry sand, assuming dry
sand to weigh 100 Ib/ft?, are given in table 29,
which is arranged for convenient use with half
bags and full bags of gypsum plaster, Keene's
cement, hydrated lime, and portland cement as
plaster components of the mix.

TapLE 29.—Required volumes of damp sand, assumed
shoveled sn, for given weights of dry sand

Weighta of dry sand
Percentage of mols-
ture ln ssnd 25 | 50 | 100 | 200 | 300 | o4 | 188 | 283 | 376
! Db b!1b{lb{b |l
5 " {id {5 0 (5] (o (id 4]
ut{m{m{u){oot{u{.m{ 76
.38 .56] 1.12] 2 24} 3. 1.08) 2.10{ 3.16] 4 21
.80] .60} 1,20 2 40i 3.60f 1, 18| 2.20| 3. 38 4. 51
.81) .63] 1.26] 2.52! 3.78{ 1.18] 2.37| 3. 58| 4. 74
.82 .64] 1.28] 2 3.84] 1. 2} 2 40{ 3.01) 481
L3810 .68] 1.96] 2.52| 3.78] 1.18] 2.37} 8,85 4.74
.30 .81} L. 2.44] 3.66) 1.15] 2.30; 8. 44 4. 30
.29\ .58| 1.16; 2.32] 3. 48| 1.09} 2 18{ 3. 27| 4. 36
.81 .03 1.25 2.50| 3.75] 1.17] 3. 35| 3.52{ 4.70

The percentage of moisture is obtained by
dividing the loss of weight on drying at a tem-
perature above 212° F by the dry weight of the
sample, Where the moisture content of the
sand is not known but it is damp, although not
so wet that water comes out of it, the values
given in the last line of the table can be used
with a fair degree of approximation.

The volume in cubic feet of containers nsed
for measuring sand may be determined by di-
viding the increase in weight due to filling with
water by 62.4.

(2) Fire-Resistance Ratings

All partitions, the ratings for which are given
in table 30, are assumed to have identical fac-
ings on both sides and are rated as load-bearing
unless otherwise noted. They are designated
as ‘‘combustible” according to the test specifi-
cations on account of the wood framing.
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TaBLE 30.— Wood-framed partstions
[Rated as load-boaring exoept as noted]

Ultimate fire-resistance perlod

..... S¢in. J¢iu, 4o, J¢in. 14n,

M min M omin | M min
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The steel-framed bollow partitions listed in
table 31 have facings on both sides of plaster
on metal lath, They are rated as nonbearing
partitions on account of the nonbearing types
of framing used.

TabLrn 31.—Steel-framed hollow pariitiens, nonbsaring

{Facings of plaster on metal lath]

Thickness of plester. . .....ccccooicomcmannns 8-n. | 3in. 1-in.

Ultimate fSire-resistance

period
M M Ar

§}. }:npnum plas l" } 1%
1K, 1:ﬁymm Iaster 1 1 'y
Neat (ayp-um 1 H) 34
1: M portland cemen - [ { O
1: nbu-n'l 1, Spottl;ndcamonundnboem X 1

The steel-framed solid partitions covered in
table 32 are also rated as nonbearing on account
of the framing used, which was of %- or 1-in.
hot-rolled or strip-steel channels.

Tasin 32.—Stesl-framed solid partitions, nonbearing
_____[Body and tesings of plsster on metal lath]




() Partition Facings as Fire-Protective Finishes
over Wood Framing

Temperature measurciments takon on the face
of the studs during tests of partitions in which
the framing was of wood indicated the effec-
tiveness of the facings in affording protection
to combustible members. In conformity with
the tests specifications, the limit of protection
is assumed to be reached when an average tem-
perature rise of 250° F above the initial occurs
on the face of the wood supports, or a rise at
any one.thermocouple location of 325° F, The
ratings for this condition are given in table 33.

_ TaBLE 33.—Fire-proteclive finishes over wood framing

Limit of
Facings protection
min
in, Aberboard . ... .3
in. iberboard fiam. fed . ... 10
in. fiberboard with 34-in. 1:2, 1 peum plaster....__._. 15
|/ iﬂhmﬂamepmo!ed fiberboard with in. 1:2, 1:2 gypsurm
PIABtEr . o iiiiaen.
in. gypsum wallboard .. ____ . _______ ... __._....... 10
&m gypsum Tboard . . .. iccicnaaan 15
mphlnormdentedzypmmhthwith)ﬂn 1:3, 1:2 ®
%ﬂ“’“’“mnmw Eypeuin lath with 3-in. 174, 113 gypanm .
oodlaili'{viiﬁ""li{'i'i.'i'i """""" xi lagter . 1T 15
Wood lath with }in. 1:8, 1:7.8 ime plaster.______.__..__.. 15
Mehlht.h(nopopuhmnn()vlthﬁ-lnlﬂ.lﬁnpmm 5
o lath (Do paper backing) with 3-in. neat gypsumn »
Metal 1a lath (no peper becking) with 1in. nest gypemra .
M’:m ath (0o paper backing) with i, 178, 1:7.6 Time "
M%tal lath (no paper backing) with 3¢-in. portiand cement "
bds'ie'& " metal lath with 3¢-in. 1:2, 1:3 gypeum "
'ln m.mea’"i{z}h'é'x}fsmme """" woodfiberboard with ¥-in. 1:3, »

5. FIre-REsisTaANCE RAaTINGs ¥OR WALLS AND
PartiTioNns WiTH CEMENT-AsBEsTOR FACINGS

(a) Test Conditions

The fire tests upon which the ratings are
based were conducted in substantial accord with
the Standard Specifications for Fire Tests of
Building Construction and Materials, ASA
No. A2-1934. (See (a) under section 1, *“Fire-
Resistance Ratings for Load-Bearing Masonry
Walls”’, or () under section 4, ‘“Fire-Resistance
Ratings for Wood- and Metal-Framed Parti-
tions.”) '

(b) Source of Data

The ratings given herein were taken directly
from the results of fire tests conducted at the
National Bureau of Standards.

(¢) Firestopping

The actual protection given by a wall or parti-
tion construction may be less than the rated
fire resistance because of passage of fire around
its borders. To prevent this occurrence, the
spaces in any wood framing adjoining the wall
or partition must be suitably closed or filled,
preferably with incombustible material.

(d) Fire-Resistance Ratings

The ratings given in table 34 are for the indi-
cated facings applied to 2- by 4-in. wood studs
of No. 1 Common or better grade, set edgewise,
spaced 16 in. on centers, having wood plates at
top and bottom, and stayed transversely with
wood blocking located to form support at the
horizontal joints of the board facings. The
loading is not to be in excess of 360 lb/in.? of
the net area of the studs. When the cement-
asbestos boards or shingles are secured by coun-
tersunk nails, the holes drilled for the nails
should be 0.02 to 0.03 in. smaller than the nail
head and care should be taken that the nails
are driven so as not to injure the cement-
asbestos material. For the boards in the test
partititions, 6d casing nails were found to be the
most suitable, particularly if the heads are to be
countersunk. The weights of mineral-wool
bats per square foot refer to the net area of the
filled space and are to be taken as the minimum.
All ratings are as load-bearing constructions, ex-
cept as noted, and the ‘“‘combustible” designa-
tion applies to all on account of the wood
supports.

(e) Facings as Fire-Protective Finishes Over
Wood Framing

Temperature measurements taken on the
face of the studs during the tests indicate the
effectiveness of the facings in affording protec-
tion to combustible members. In conformity
with the test specifications, the limit of protec-
tion is assumed to be reached when an average
temperature rise of 250° F above the imitial
occurs on the face of the wood supports, or a
rise of 325° F at any one thermocouple location.
The protection periods found for this general
type of partition are given in the last column
of table 34.
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TabLx 34.—-Cemoni-asbeatos facings

Uitl- | Proteo-
e, | poriod
Facing realst- | for
ance | wood
period [framing
(A) Partitions facod on both sider with—
Ar min] Ar min
«-171. cement-asbestos bondl .......................... 10 5
€ B8 nbova ﬁlled with full-thick mineral-wool bats
4-1:‘5?31'33« hboardnovu """"" o studs’ 10 5
oH’ ﬂ o8l , Al-
inxolmhmnl vodbm;:ﬁin: [ A1V 1 10
Same a8 above rated as nonbearing. ... .ccrecnnn... 1 18 10
ﬁmmntam board:om%—ln gypsum wall- ) .
“&h&h enteshostos bowrds over W Shadtll BERET) 2
Same a8 ahove rated senonbearing. ... .. ___._... 1 2
@8) Exterior walls faced s indiosted
Outside of vood sheathing, ssbeston el
FOIAR T e
e
oin. wood ﬂhrm with M-in. % »
Seme 8s above v% inside tacing tofire . ST %0 1
Outside same a3 abowe. Inside ol
of . board over the sdges of the
of ¥edn. coment
vg:h ok mlmnl .wool bats weighing 1 - »
Sems a5 above with Inside fac """'"::::::::::::::: o B
Same se above
fiepsxposure o eitherside ..o 115 0

6. Fire-RysieTancz RATINGS FOR PrEras-
RICATED AND BUILT™~UP PARTITIONS

(a) Test Conditions

The fire tests upon which the ratings are
based were oconducted in substantial accord
with the Standard Specifications for Fire Tests
of Building Construction and Materials, ASA
No. A2-1984. (See (a) under section 1, “Fire-
Resistance Ratings for Load-Bearing Masonry
Walls,” or (a) under section 4, ‘Fire-Reaistance
Ratings for Wood- and Metal-Framed Parti-
tions."”)

(b) Sources of Data

Ratings given under (d) in table 35 are based
on recommendations of the Forest Products
Laboratory of the U. S. Department of Agricul-
ture. All other ratings are based on fire tests
conducted at the National Bureau of Standards
(see BMS71, and Research Paper RP10786).
The ratings are taken directly from the test
results without interpolation or extension.

(c) Assembly of Prefabricated Wood Panels

Joining of panels may be accomplished by the
use of wood splines over which the panel
facings are extended, leaving X-in. space
between facings of adjacent panels for calking,
the facings being secured to the splines by
nailing, or battens of suitable thickness may be
nailed over the joints. The assembled par-
titions may be secured in & similar or equivalent
manner to wood plates at the floor and ceiling,
all spaces to be solidly filled. Ratings are
based on phenolic resin glue being used for
gluing facings to wood frames. If other types
of glue are used for this purpose, the ratings
can be taken to avoply if the facings are nailed
to the frames in addition to being glued.

(d) Flameproofing

The test results on which the ratings are
based indicate that treating the wood with
flameproofing chemicals will not materially
increase the ultimate fire-resistance period.
Hence, the ratings can be taken to apply for
either flameproofed or untreated wood. Pend-
ing further tests, this should be taken as apply-
ing only for the types of treatment and construc-
tion details represented in the tests.

(6) Load-Carrying Ability of Buslt-Up and
Prefabricated Wood or Steel Partitions

No load was applied during the fire tests on
which the ratings in tables 35, 36, and 37 are
based and, accordingly, they are rated as non-
bearing constructions, The condition of the
solid partitions at the end of the test indicated
that at this time they would support at the
most only a small part of a full working load as
computed by generally accepted formulas.
Hollow partitions that failed by temperature
rise or flame penetration of the facings had
somewhat greater strength, and mineral-wool
fill in the hollow space further served to pro-
tect the studs as load-bearing members. For
hollow partitions the estimated fire-resistance
rating as bearing constructions is in the range
one-half to three-fourths of the rating for non-
bearing members, and for the solid partitions
and the steel partition, from one-fourth to
one-half of the rating periods given below.
Where the loads actually applied are lower
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than the maximum permitted by accepted
design formulas, the fire endurance under load
will be greater than as estimated above.

TaeLe 35.—Buill-up and prefabricated wood partitions
all rated as nonbearing, combuatible

Ultimate
fire-

resistance
period

Partitions

(a) Solid partitions of 1'}{s by 3}{-In. T&QG beaded wood boards nafled
together, the board joints being vertical and staggered

min

T'wo board layers ... ... 15
Two board layers with asbestos paper welghing 30 1b/100 ft?
between I8Yers .. i cimcecra e 25

(b} Solid penels of 34-in. wood boards, 2? to & In. wide, grooved and
jolned with wood splines, nafled toget
with staggered Joints except as noted

One board layer. ..

Two board hyers
Thres board lay
Three board layers with center boards not vertical ... 38

(c) Solid s with ¥e-in. g:rwood facings glued to 134-in. solid wood
core of glued T&G construction for both sides and ends of core pleces
with T& QG ralls in the core about 214 {t apart

21g-in.-thick panels._._ ... ... 80

(d) Hollow panels with facings on both sldes of plywood ﬁluod to wood
frame. Thickness of framing not less than 134 in.

- in plywood {aces.
34-in. plywood faces. .
jrany plywood faces
54-in. plywood faces

00d, 4 in. thick on one side and 34 In. thick on
234- by ¥-in. wood studs, set edgewise, and
Dbats 3 1b/tt? of filled space

(e) Hollow panels of D
the other xlde, ;lued
filled with mineral woal

Jin. thick papel . ... .. iiagea- 45

TaBLE 36.-—Prefabricaled ateel partitions rated as
nonbearing

Ultimate
fire-

reslstance
period

Partitions

Hollow els with 18 gage steel facings spot-welded to stesl
channgl';nhnving 3 ruwu of 4—by -1n. staggerad slots Inthe

8b, hollow a&nee th heat-expanded vermiculite
:eiglllian t of wall surface, omvmll thiokness of min 2

mel 310 . oo e

sal:e as above but with vermiculite 811 weighing 2 Ib/ft? of
WALl U008, oo e vamar e n - 30

TapLe 37.— Partitions of prefabricated reinforced conerete
units r as load-bearing

Ol
Partitions resistance
period
Prefabricated metal-reinforced concrete wall units, separate
units for each face, connected with wood s, and
metal pins, the assembly forming a 5-in. masonry wall
with 1-in. faces and 3— by 13-in. continuous vertical alr
. The rating is for loads not in excess of 2,280 [ "4
l Hnear Tt e aere e »
Same as above with all spaces fillod with ‘‘nodulsted”
mineral wool welghing not leu than 101b/ft3. ... 2

boards placed vertioally

7. FIRE-RESISTANCE RATINGS FOrR CoOLUMNS

(a) Test Conditions

The fire tests cited below were conducted in
substantial accord with the Standard Specifica-
tions for Fire Tests of Building Construction
and Materials, ASA No. A2-1934. The col-
umns were tested under working loads corres-
ponding approximately with those computed
by commonly accepted formulas, the criterion
of failure being collapse under such load. No
portion of the protection is computed as carry-
ing load, although inevitably some types of
protections will sustain a part of the load,
particularly near failure,

(b) Effect of Plaster

The fire-resistance period for columns having
ratings of less than 2% hr, from 2% hr to 4 hr,
and 4 hr or more will be increased by at least 1
hr, 1% hr, and 2 hr, respectively, by the applica-
tion of ¥ in. of 1:3 sanded gypsum or 1 in. of
1: 2% portland cement plaster, the latter being
held in place with wire mesh weighing 2 1b/yd?,
the plaster proportions being by weight of
cementing material to that of drysand. Plaster
may develop more than its mormal protective
value if it adds to the stability of the protection
to which it is applied.

(¢) Sources of Data

(1) Timber columns.—Data taken from Fire
tests of buslding columns, Tech. Pap. BS 15
(1921) T184; and Fire Exposure Tests of
Loaded Timber Columns, Underwriters’ Bul-
letin of Research No. 13, November 1939.

(2) Round cast iron columns.—Data taken
from NBS Tech. Pap. T184,

(3) Steel pipe columns—Data taken from
NBS Tech. Pap. T184.

(4) Structural steel columns (unprotected).—
Data taken from NBS Tech. Pap. T184.

(5) Structural steel (solrid section) partly pro-
tected with concrete.—Data taken from NBS
Tech. Pap. T184.

(6) Structural steel (latticed) partly protected
with concrete.—Data taken from NBS Tech.
Pap. T184. Concrete mix not leaner than 1:8
by volume of portland cement to aggregates.

(7) Structural steel solidly protected with con-
crete.—Data taken from NBS Tech. Pap. T184,
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with due consideration of the influence of min-
eral composition of aggregates on fire rosistance
of concrote, Proc. Am. Soo, Testing Matorials
%9, pt. 9, 82¢ (1029). Concrete mix not leaner
than 1:8 by volume of portland cement to

aggrogates.

(8) Structural stesl protscted with hollow ile
and concrete.—Data taken from NBS Tech. Pap.
T184. Ratings are average values taken from
test results.

(9) Structural steel protected with hollow tile.—
Data taken from NBS Tech. Pap. T184.

(10) Structural steel protected with brick.—
Data taken from NBS Tech. Pap. T184.

(11) Structural steel protected with hollow
cinder concrete blocks.—Data taken from “Test
of column for Philadelphia Board of Educa-
tion,” unpublished report, National Burean of
Standards (1938).

(12) Structural steel protected with plaster.—
Data taken from NBS Tech. Pap. T184.

(18) Structural steel protected with gypeum.—
Date taken from NBS Tech. Pap. T184; and
MMojoolummpvmmdmwmm,BS
J. Research 10, 737 (1933) RP563.

(14) Reinforced comcrete  columns—Data
tsken from NBS Tech. Pap. T184; and Fire
resistance of comcrete columns, Tech. Pap. BS
18, 635 (1924-25) T272. Concrete mix not
leaner than 1:6 by volume of portland cement

to aggregates.
(d) Fire-Resistance Ratings

Ratings for various columns are given in
tables 38 to 41, inclusive. The ratings for
structural steel solidly protected with concrete,
table 30, are based on the test reporte cited
with interpolations and extensions made by the
method given in appendix B, section 2(a), to
include 6- by 6-in. to 12- by 12-in. structural
steel sections having 2-, 8-, and 4-in. outside
protection. Formula 4 was applied for the
purpose with the following values for the
constant ¢: For group I aggregates, 0.135; for
group II, 0.085; for group III, 0.075; for group
IV, 0.045. The above constants give the fire
resistance in hours when D and d are taken in
inches. The higher computed values were
reduced somewhat on account of possxble
spalling and fusion effects.

The ratings for reinforcod concrete columns,
tabld 41, have been derived in part from inter
polations and extensions made by the mothod
given in the appendix B, scction 2 (b). The
values given under columns (A) were derived
with formula 4 and those under columns (B)
with formula 8. The higher computed values
were reduced for the rcasen indicated above in -
the cese of structural steel protected with
concrete.

It is to be understood that the classifications
for the aggregates apply to the coarse aggregate
only. The fine aggregate can be of any type
meeting accepted specifications for use in
concrete.

Tasre 38.—Timber columns and unprolected or partly
protected alp

oast iron, steel pipe, and structural steel

columns
of Ultimate
anos period

Timber (long leat pine or Douglas Ar) minimum ares 120 In.}

Ar

With an , stosl M ..........................

glﬂ: ungr'g  oaet fron u’nd plnktl:u ................ lg
w . over solummn and over cast’ .
wi oa'iant """" 6:'1 'ﬁﬁm'é;;mi‘ k

Round onst {ron columya (7 In. cutside dlemetar) minim
('Id on e iia ) nimn thickness

Unpmmd
Congrete lllad, outside nn pw
1. mﬁd dgemont on high ribbed metal lath,

;ﬁtmob (othcr th lﬂlooonl
n.
polou

Bteel pipe (mintmum thickness of motnl Hein)

inslde hmet,er. conorete nlled ouulde unprotected . . 4
{smeter, co:m roed with foar
by H-in nll. ou s unprotectad . 1

Btruomd steal, unprotectad

le
%YU

Mintomm ares of steed 108 _ ... ... 74

Struoctural stes! (solid section) partly protected with concrete

B e e ettt |
S S Sip i L i

bl
"""mm‘:'::u“"' D b ! f'f’.“.‘?. ;

Hirnotaral mel Oattios section) parily protected With conorete (Do ties)

Imerior ﬂlhd httioe md matn members coversd, conarets
rtending to of rivets, Eoup 1T aggregates, mini-
mnm of qolld mnterld T ) LY 8
Bunn M above uoup aggregate, minimum ares of solid
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TasLe 39 —Structural steel cobimng solwdly  protected
with concrele

Ultimate fre-resistance period;
grouping by aggregates and
Type of column aned protection tlos
1 1T 111 v
hr kr hr | Ar
& by 6-in. stecl columns, 2-in. outside
rotection . - o 5 314 24 13
y 6-in. stecl
rotection 7 5 k1% 24
6 by 8-in. stee
protection._______. . ___.____.___. 9 7 5 34
8- by 8-in. steel eolumns, 2-In. outside
rotection. _ 8 4 3 2
8- by 8-in. stoel
rotection . 8 8 4 3
8- by $8-in, steel
protection. ___________ 11 8 8 4
10~ by 10-in. steel columns, 2-in, out-
stde protection___ ... ________.._ 7 5 4 244
10- by 10-in. steel columns, 3-in. out-
side protection_.__. ... .. _.______ 10 7 5 k1%
10- by 10-in. stee] enlumns, 4-in. out-
side protection_._ ... ______. . 12 9 7 5
12- by 12-in. steel columns, 2-in. out-
side protection_._.___.__ . _____. . 8 [} 5 3
12- by 12-in. steel columns, 3-in, out-
side protection___.._______ ... _ 1, 8 8 4
12- by 12-in. steel columns, 4-in. out-
side protection. ... _______.._ 14 % 19 8 5

Group | includes concrete having calearecus aggregate contalning a com-
bined total of not more than 10 peroent of quarte, chert, and flint for
the coarse aggregate.

Group II includes concrete having trap-rock aggrogate applied without
metal ties and also concrete having cinder, sandstone, or ite ag-

e, if held in place with wire mesh or expanded metal having not
ﬁ?g fnn 4-in. mesh, welghing not lees than 1.71b/yd}, placed not more
than 1 in. from the surface of the concrete.

Group ITI includes concreie having cinder, sandstone, or granite aggre-
gate tied with No. 5 gage stee] wonnd spirally over the column
section on & pltoh of 8 in., or oqu{valent ties, and concrete having
siliceous m,nlnlni @ combined total of 60 percent or more of
quartz, chert aud flint, if held in place with wire mesh or etggnded
metal baving not larger than 4-in, mesh, mg not less than 1.7
Th/yd? 8 not more than 1 in. from the of the concrete.

Qroup 1V includes concrete having siliceous sggregates contalning
combined total of 60 percent or more of quartz, chert, and flint, md
tied with No. 5 gage steel wire, wound spirally over the oolumn oecuon
on 8 pitch of 8 in., or equivalent t

Tanre 40.—Structural steel columns protected with

hollow tile, brick, cinder block, plaster on metal lath,

or gypsum

Mini- | Ultf-
mum | mate
Type of column and protection

solid | resist-
mate- | anos
rial | period

Structural steel protected with clay or shale hollow tile

2-, 3~ or 4-in. tile, wire mesh In horizontal joints (two

in each folnt phced on opposite sides and at

rlght angles with mspoot Joints sbove or below)
flanges covered with mortar or comcrete, reentran traot | in. hr
space filled with concrete. ... .. . cocomioioio 80 1%
Do 110 2
148 215
1
DO e e ——————cmmo e ann 25 ]
Same as above except reentrant space not filled .. . 70 1%
Same as above except with two wythes of 2in. tile out-
side, reentrant space wi and m P 250 4
Same &8 above except with outside wire ties lnatmd of
mesh in Jolnts. .. oo cremrme e 260 134

Tawre 40~ Structural  stecl columns  protecled with
hollow tile, brick, cinder block, plaster on metal luth, or
gypeum- ~-~(untmued

‘ Mini- | Ul

mun mate
Type of column and protection arca of | flre-

solld | resist-
mate- | ance
rial | perlod

Structural steel protected with brick (clsy or shale)

in? M
2)/ in. thick reentrant space filled with brick and
OPLBE . oot 180 13
35/ ln thick reentrant space filled with brick and
mortar_. .. . R 200 7

Structural steel protected with hollow ciuder concrete blocks

3-In. hollow block, space between block and steel and
reentrant space filled with broken block and mortar,
3{-in. 1: 3 sanded gypsum plaster ... . 240 7

Structural stesl protected with ¥{- 1n 1:3 sanded gypsum or l-in.
1:234 portland cement Dlaster on Wire or metal Jath

Onelayer_ . ____.__ . .. ..__..___ e
Two layers with 34-in. alr space between.

Btructural steel pmu-ct( d with gypsum

2-in. solid blocks with wire mesh in horizonial oints,
1-in. mortar on flange, reentrant space fifle with
block andmortar________________ . ___________ 130
Bame as above with }4-in. sanded g)gsum plast(-r_, .- 150

-1

2-In. solid blocks wlt wire mesh in oﬂzons Jolnts,

1-in. mortar on flange, reentrant space filled with

EYDSUID CONOTEe. .o 130 ?4
HSame as above with ¥-in, sanded Fygsum plaster._._. 150
4-in, so0lld blocks with wire mesh fron e(}olnu,

1-{n. mortar on fange, rechtrant space filled with

block and MoOrtar. ... ..ol iiiweeaiono. 300 4
Bame as tbove with reentrant space Siled with gypsum 00 5
Hn solld blocks with cramps &t horizontal joints

mortar on flange only at horlzontal joints, reentran:

spaoenot filled. . ... ..o 88 2%

Same 83 above with J4-In. sanded zygsum plaster. ... 108 4

3-in. hollow blocks with cramps at horlrontal joints,

mortar on nﬂl:am only at hor{zontal joints, reentnnt o >

spapsnot flled .. . .oz .
Bame as above with }4-in. sanded gypsum plaster " 120 5
2in. neat fibered gypsum, resntrant space filled,

poured solid and re nforced with 4-by 4-In. wire

mesh, ¥-in. sanded gypsum plaster ... _....___ . 130 7

TABLE 41,—Reinforced concrete co!umm
Ultimate fire-resistance period,

grouping by aggrogates and ties s

Type of ealinn I I I v

(A)[(B)} (A (B) (A (B) (A)|(B)

Reinforced concrete oolumns with
134 in. of omcrete outside of re- :
inforeln, 5.
Outsi dlsmotet of round
columns or side of squars
columps, including outside

tection: he | he | he [ Mr L by | Ar | Ay
pl'o 2in a1 4| 4 2;2 3le2 |2 lﬁ
51 538 4] 3 2341 1
61 6|4 5(3%4 3 |2
8| 7158 8|4 | 34 2
9, 9|6 716 |4 {8

and tles are tﬁg ’?;?é’ for altar&oéunl n:f’
ocolumns protected solldly with conorets, the over the
vertical plnlord.n bars nnd the mesh. where roqule, to be placed
within 1 in, from the surface of the oolumn.,

Under column A working I sssumad as oarried by the ares of
the column inside of the lines circumscﬂbinx the relnforolug ml.

Under oolumn B working loads are aastirned as carried by the gross
area of the columa,

» Grouplings of
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8. Fix-Rxsistance RariNas For Froon
ConsTRUCTIONS

(a) Test Conditions

The fire tests upon which the ratings are
based were conducted in substantial accord
with the Standard Specifications for Fire Tests
of Building Construction and Materials, ASA
No. A2-1984. This specification contemplates
fire exposure to the under side of the construc-
tion and the fire-resistance period is taken to be
reached if:

(1) An average temperature rise of 250° F or
& maximum rise of 325° F, measured with
thermocouples under asbestos pads, is attained
on the unexposed side (upper side) of the
construction.

(2) Passage of heat, flame, or gases hot
enough to ignite cotton waste occurs.

(3) Structural collapse under the design load
occurs.

For a full rating the requirements of the hose-
stream test must be met. Floor constructions
having ratings of less than 1 hr require no
hose-stream test. Those having ratings of 1
hr or more require a hose-stream test after a
fire exposure equal to one-half the time of the
rating, except that for ratings of more than 2
hr the fire exposure before the hose-stream
test need not be of more than 1-hr duration.

Floor constructions involving material which
burns freely during the fire test or continues to
burmn after the furnace is shut off are rated as
“combustible.”

Where any information is available on the
resistance of floor constructions to fire from
above, this is given under the respective types.

(b) Source of Data

The results of fire tests conducted at the
National Bureau of Standards were used as a
basis for the ratings given herein. The ratings
in general were taken directly from the test
results and represent the lower averages of
results in the case of tests on similar construc-
tions.

(¢) Plaster

Measurements of plaster thickness are taken
from the face of the plaster base except that
for metal lath the thickness is messured from

the back of the lath. See section 4, Fire-

Resistance Ratings for Wood- and Metal-
Framed Partitions, for further information
concerning plaster.

(@) Fire-Resistancs Ratings for Wood-
Joist Floors

The ratings given in table 42 are for the indi-
cated ceilings applied to the following con-
struction: Joists of 2- by 10-in. southern pine
or Douglas fir of No. 1 Common or better
grade, subfloor of ¥-in. wood sheathing, dia-
phragm of asbestos paper, and finish of tongue-
and-groove wood flooring. The diaphragm
can be of ordinary building paper if tongue-
and-groove subflooring is used. The ratings
apply for loadings developing not more than
1,000 1b/in.* maximum fiber strees in the joists.
The dimensions and spacings of nails given for
supporting ceilings are to be taken as the mini-
mum required. Larger nails and closer spac-
ings can be substituted. The perforations in
the gypsum lath are to be of not less than
¥%-in. diameter, with one perforation for not
more than 16 in.? of lath surface.

All constructions are rated as “combustible”
on aocount of the wood supports and floor
boards.

The criteria for the limit of protection given
the wood joists by the ceiling finish are the
same as given above (par. 4, a-1) for partition
facings over wood studs,

TanLy 42.—Wood-joist floors

Proteo-
Ultl-
mate tion

Description of ceilling p"m“‘dth.

siszance
g wood
perlod | foiate

Exposed wood Jolsts

H Ar min [ min
No orlHng. . ..ol 15 | None

?mm ‘wallboard . n-ln.
o.lﬂmm-bmm s and s 18
in. centers, oovered [ paper applied with
Ll seoured No. 18

gage nalls he
t(oumhodnpodngorm Gin on

ten
ity bt caty i

oaseln
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TaBLE 42.-- Wood-joist floors— Continued

Ultl- : Protec-

Description of celling

Perforated gypsum lath, 34 in. thick, plastered

Perforated gypsum lath secured with 13§ in. No. 13 {Ar min min
gage nalls having 3{e-In. heads spaced 4 in. on cent-
ters, 34-in. 1:2 sanded g mplaster ____________ . 30 8

Same a3 above except nalled with 134-in. No. 13 gage
nails having 34-in. heads and s 4in. on centers. 46 €0

Perforated ggpsnm 1ath nalled with 134-in. No. 13
gage nails having 3$-In. heads and spaced 4 In. on
centers, joints covered with 3-in. strips of metal lath
nailed with 134-in. No. 12 gage nails baving 3-in,
heads (2 nails to each joist for strips perpendicular to
joists, and spaced 5 in. on centers for strips over
Joists), }4-in. 1:2 sanded gypsum plaster

Two layers of gypsum lath, plastered

One Iayer of 34-in. plain gypsum lath and lower layer of
34-in. perforated sum lath (Joints broken) nailed
with 1 3-in. No. 13 gage nails having }{s-in. hends
and spaced 4 In. on centers, }4-in. 1:3sanded gypsum
plaster or 14-in. 1:3 portland cement plester. ....._._. 45 25

Maetal lath and plaster

appropriate weight for the spacing of the sup-
ports. The lath shall be tied to the supports
to give the equivalent of single No. 18-gage
steel-wire ties on 5-in. centers. The thickness
of plaster shall be the depth from the back side
of flat lath and to the back of the flat portion
of ribbed lath.

The slab thicknesses are measured from the
top flange of the joists and unless otherwise
indicated are. for monolithic poured construc-
tion. To obtain the fire-resistance ratings
herein given, the average thickness of the slabs
cast in place should be ¥ in. greater than at the
joists. This greater average thickness usually
results from the sag of metal lath forming or the
placing of the more rigid forms under the top
flange of the joists.

TABLE 43.— Steel-joist floors
[All plaster proportions are by dry welght of materials}

The thickness of plaster Is Lo be taken as the average
measured from the back of the lath.
Metal lath nailed with 1 W-in. No. 11 gage nalls
having 3¢-in. heads or 8d common wire nails driven
1 in. and bent over, spaced 6 in. on centers, }-in.
sanded gypsum plaster 1:2 for scratch and 1:3 for
brown O08L . .. - - oo omor o e i s 45 12
Same as above axceJ)t nailed with 1 *-ln. No. 11 gage
barbed roofers’ nalls having 74s-in. heads and spaced
Gin.omoanters . ... ..o ecenann 1 i2
Either of the above with the Jath nailed to a8
given and with additional sup for the lath,
placed 27 In. on centers, attached to alternate Jolsts
and consisting of two nalls driven 134 in., 2in. above
bottom on opposite sides of the joists, one Joop of
No. 18 gage wire slip| over each nail and the enda
of these loops tw. together below thelath . .. __
Metal lath nafled with 134-in. No. lldgwe barbed roof-
ers’ nails having %e-in. heads and spaced 6 in. op
centers, 34-in. poriland cement plaster 1:2 for seratch
and 1:3 for brown coat, plus 3 1b of asbestos fiber and
15 1b of hydrated lime per 94-1b bag of osment ...
Motal 1sth nafled with 8d, 1134 gage barbed box nafls
214 in. long, driven 14 in. on siant and bent over,
34-in. sanded gypsum plaster
1:3 for brown coat. ...oen__.|1 10

[

15 18

=

10

spaced € in. on cen'
1:2 for scratch coat

(e) Fire-Reststance Ratings for Steel-Joist Floors

The ratings given in table 43 apply to the
floor constructions indicated when supported
on open-web steel joists, pressed steel joists, or
rolled steel beams, which are not stressed
beyond 18,000 Ib/in.? in flexure for open-web or
pressed or light rolled steel joists and 20,000
Ib/in.? for American standard or heavier rolled
beams, and are bridged in accordance with
accepted requirements. The ratio of weight of
portland cement to that of fine and coarse
aggregates combined for the floor slab shall not
be less than 1:6%. The plaster for the ceiling
shall be applied on metal lath (expanded metal,

woven wire, or paper-backed wire lath) of -

Ultimate
fire-reslst-
ance perlod

Construction

Floor: 2-in. reinforoed concrets, or 2-in. precast reinforoed by
x{psum tile.

Ceiling: Y-in. portland ocoment sand plaster 1:2 for
seratch and 1 : 3 for brown coat with 13 1b of hydrated 1%
Yme and 3 1b of short asbestoa fiber per bag of portland
cement, or }-in. umdedowwm plaster 1 : 3 for soratch
coat and 1 : 3 for brown N

Floor: 23;(‘-111‘ reinforced concrete or 2-in. reinforosd gypsum
tile, the Iatter with 34-in. mortar finjsh, ]

Ceiling: %-in. aanded gypsum plaster 1 : 2 for scrateh coat
and 1 : 3 for brown coat,

Floor: 2-in. reinforced concrete, or 2-in., retnforced gypeum
tile, the latter with 3{-In. mortar finish.

Ceiling: 1-In, peat gypsum plaster or 3¥{-ln
vermiculite plaster, ratlo of welght of
heat-expanded vermiculite in the range 2:1t08: 1.

. Rypsum-

to fine

Floor: 2)aIn. relrforoed concrets, or 3-in. reinforced gyp-

sum tlle, the latter with }eo-in. mortar finish,

Celling: 1-In. neat um plaster or 3{-in. gypsum-vermic- |3,
nlite plaster, ratio of weight of gﬂ)mm to fine heat.
arpandsd vermiculite in the range 2:1 to 3:1.

Floor: 2%-in. reltforced concrete, or 2in, raiixforoed gyD-
sum siabs, the Iatter with '»-m. mortar finish.

Celiing: Y-In. (ypmm-vermkullt«- plaster applied on metal
lath and proportioned in the r 2:1 to 3:1 gypsum o

heat-oxpanded vermiculite by welght.

Floor: 2-in. reinforoed concrete, or 2-in. precast reinforoed
portiand cement concrete or it slabs, the precast
Al lind v ion e e
: reinforoe we 0
lnto,beamu with metal ties or clips and covered with
14in, 1:3 sanded gypsum plaster.

(f) Fire-Resistance Ratings for Steel-Plate Floors

The ratings given in table 44 are for the in-
dicated finished floors and ceilings applied to
steel construction that provides a steel-plate
base on which the finished flooring may be
applied directly. The ratings are predicated
upon the following conditions: o :
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(1) The rolled-stecl supporting beams and
th: ateel-plate base shall not be stressed beyond
20,000 1b/in.? in flexure except for formed steel
(w'de upper flange) construction, in which case
strossos are limited to 16,000 1b/in.? Tho steel-
plate base may be designed either as o floxural
or susponsion member carrying the load be-
twoen the main supporting members. In either
cu 3 the portion of the load carried by the con-
crete or other flooring material can be considered
in the stress determinations as being carried
soparately or in combination with the steel
plate as a structural member. In the latter
cage topping material such as concrete must be
properly bonded to the steel plate.

(2) To prevent cracking of concrete flooring,
some type of expanded metal or woven wire
should be embedded near the middepth of the
concrete. This reinforcing should preferably
be welded to the plate.

(3) Plaster for ceilings is to be on metal lath
wired to rods or channels which are clipped or
welded to the under side of the steel construction.
All wiring of lath shall be with steel wire not
smaller than 18 gage and spaced not more than
7 in. apart, preferably with double ties for the
higher ratings or for the wider spacings. The
securing of the rods or channels to the steel con-
struction shall be accomplished in a positive
manner at least as effective as the following:
Single ¥¢-in. iron rods with 1 in. of their length
bent ovar the lower flanges of beams with the
rods or channeis tied to this clip with 14 gage
iron wire ties. In lieu of the above the plaster
may be on ribbed or reinforced metal lath wired
directly to the clips, the clips being a8 indicated
above. The weights of metal lath and the
weights and spacing of rods or channels can be
according to usual specifications.

(4) The ratings are based on tests in which
the back of the lath was located within an inch
or two or in contact with the lower flange of the
supporting steel beams, an air space of at least
3 in. being thus formed between the ceiling and
the floor plate. However, the ratings can be
taken to apply for suspended oceilings in which
the back of the lath may be at some distance
below the steel construction, provided the sup-
porting system for the ceiling achieves a
strength at least equivalent to that outlined
under (8).

(5) While the ratings given are based on fire
exposure from beneath, tests of this type of
floor construction indicate that with the floors
required for these ratings, tho resistance to fire
oxposure from above is fully oqual to that herein
given for fire exposure below the floor.

Tuu.m M ---Sieei-plate floors

Ultﬂlmm\

re-

Comm'ucﬂon rosistance
period

Wood floor and plaster nelling, rated sz combuatible

Floor: Asbestos paper welg! 14 1b/100 ft* cemented t: A
stoel deck th te?l:w llnn{eum oamant,wwoog '
sorecds and 34 in. wood gor 1

%go undodnpumplaamrlﬂormwh and

Concrete floor and plaster celling

in. 1:3:4 portland cemnent concrel )
h? -in, sanded gypsum plaster wm scratoh and } 134
1:3 for brown coat.
Floor: 2in. lﬂdportlsndumonpcgmnmul b and
sanded gypsym
1%&» gy or scratoh and } 2
mo’m " mdm.m d ! Wwith 101b of
plas of ]
hydrated lime uddod for uuh {
.;‘m“ ll}{rnrbrown bag of oomomll!or}
Floor: %in. 1 Nsa!ﬂ
Ocmu.' 14dn. § [mum pluuronrlhbod motal } B¢
Figor: -in. 1:9:4 dosmtoonmu ]
Ooﬂhv 1In, x?"'ﬂ" } M
1:3: ostnent te.
mwlswummplmm } e

l’:tyarthnd oemént oconere

Ciu in, fo-
un'?.f’ plastar (nfo"'““’o: i R Bogun vl ’

verm utcbelnthounuofﬂtosl)

Floor; in, 1:34 4 seman!|
:’% o et gy a0 cloder, 00 .

lu.(num\dodsypﬂmphmr
rlu% W%“zm&: u
Coiling: 134dn. 1:1 sanded gypsom Dlaster.
m'!}f-h 194 portland osmant oon

rymm vermwullh p guuo of "‘{m 4

of gypem to
nm‘:od’:l to &:1).

Conarete floors and gypsum tile ceiling

)

Hn. 1 tlporthndmmmtmmte
Odlu Hn. terlocking wnreinforeed
por_tace of Jower h‘m‘m
undodupmmplm
Mn.l'z‘lwthndoamtmnmu.

tile, 34-in, 4
mwmwmm“

(9) Fire-Resistance Ratings for Cellular Steel
. Floors

The ratings given in table 45 are for the in-

E

- dicated finished floors and ceilings applied in
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the manner noted to the following construc-
tion: Prefabricated units 2 ft wide, with the
length ‘equal to the span, composed of two
picces of No. 18 gage formed steel welded to-
gether to give four longitudinal cells, the depth
being not less than 3 in. and the distance be-
tween cells not less than 2 in.  For these ratings
the maximum fiber stress in the steel is not to
be in excess of 16,000 1b/in®.

TasrLe 45.— Cellulur-sieel floors

Ultimate
~ons re-
Construction rosistance
perlod
Floor: 1:3:6 portland cement, sand, and gravel concrete hr

agplled directly to the top of the steel unlts and 134-in.

k at top of cells, plus ¥4-In. 1:2 1§ cement-sand Anlish,
total thickness at top of cells, 2 in.

Ceiling: Plaster on metal lath "tied to furring channels se-
cured to runner channels hung from the cellular steel
panel. The detalls of the supporting system for the

lm;ttier cefling are assumed to conform with usual speci-
cations.

(a) With 1-In. neat gypsum plaster, the hack of the lath
being located 21n. or more from the under side of the cellular
steel panel. ____ . . . .. ___ ... __..__.._____. 3

(b) With 1-in. gypsum vermiculite plaster (rntio of weight
of gy sum to fine e ed vermiculite to be In the nmge
of2: t,o 3:1),the bsc ofthe lnth belng 2in. or more from ¢
under side of the cellular stee

(¢) With 1-in., neat gypaum plaster the back of the lath
belr;g lncatod 91n. or more from the under side of the cellular

pane)

{(d) Wlth 1-in. gypsum vermiculite plaster (ratlo of weight
of gypsum to ﬂngeyexpanded vermkxﬁ be in the ra‘lg“
of2:1t03:1 thebwkofthelathboinsﬂln ormore from
the under side of the cellular steel pansl

g. Fire-Resisrance CLABBIFICATION oF Roor
CovERINGS

(a) Basis of Classification

The requirements for roofing materials from
the standpoint of the public interest can be
based on (1) the protection required for the in-
dividual building that is covered and (2) the
fire hazard presented by the building with its
roofing to the surrounding construction. Build-
ing codes have emphasized one or both of these
considerations.

The classification is based largely on the
degree to which the material resists sustained
ignition from flame and flaming brands, the de-
gree to which the fire will spread over the
surface and give off dangerous brands, the pro-
tection against ignition and sustained flaming of
combustible roof sheathing on which the roofing
is applied, and the protection against exterior
fire exposure given to incombustible roof sheath-
ing and roof construction.

Brand, flame-exposure, and. flame-spread
tests are applied to roofings to determine their
properties from the above standpoints. The
lists of aceceptable materials include those that
have been subjected to such fire tests.  Classes
1 and 2 are parallel with classes A and B of the
Underwriters’ Laboratories and class 3 is
similar to their class C exeept that the asphalt
rag-felt roll roofings laid in single thickness are
not included. Class 4 covers the lattor type of
roofing as well as some wood-shingle construc-
tions.

(b) Sources of Data

The classifications are based on the results of
fire tests which have been conducted at the
Underwriters’” Laboratories and the National
Bureau of Standards. Al of the tests on built-
up roofings were conducted at the Underwriters’
Laboratories. Information on the weight of
cementing material in built-up roofings was ob-
tained from the old Federal specifications for
the different types of built-up roofing, no
longer issued, and the Navy Department
“Specification for Roofing, Siding, and Sheet
Metal Work; Dampproofing and Membrane
Water-proofing” No. 7Yg, as well as manufac-
turers’ specifications. The weights given rep-
resent minims used in good practice.

Of the prepared roofing materials, fire tests of
asphalt-rag felt and asphalt-asbestos  felt
roofings, cement-asbestos shingles, and some
metal roofings and coated wood shingles were
conducted at the Underwriters’ Laboratories.
Tests of slate, cement-asbestos shingles; clay
and cement tile; galvanized steel, tinned steel,
copper, and zinc shingles and sheet roofing:
asphalt-saturated asbestos-felt and asphalt-
saturated rag-felt roll roofing and shingles, new
and after weathering up to 12 years; and wood
shingles untreated, chemically treated, and
painted, new and after westhering up to 30
years, were conducted at the National Bureau
of Standards.

(¢) General Requirements

Class 1 roofing materials shall be effective
against severe fire exposures, shall not carry or
communleate fire, afford a relatively high degree
of protection against fire to any combustible
roof deck on which they may be placed, not
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slip from position, possess no flying-brand
hazard, and shall not require froquent repairs
to inaintain their fire-protective properties.

(lass 2 roofing materials shall be effective
against moderate fire exposures, shall not be
readily flammable or carry or communicate fire.
They shall afford a moderate degree of protec-
tior to the roof deck, shall not slip from posi-
tic, shall possess no flying-brand hazard, and
shall require only infrequent repairs in order to
maintain the above properties.

. Class 3 roof coverings under light fire expo-
sures shall not be readily flammable or carry or
communicate fire under such light fire expo-
sures, afford some degree of protection to the
roof deck, shall not slip from position nor
possess any flying-brand hazard, and shall
maintain these properties with only occasional
repairs.

Class 4 roof coverings present less resistance
to ignition from sources such as flying brands
than the class 3 coverings but give at least a
slight degree of protection to the roof deck. In
burning they will give off flying brands. Their
susceptibility to ignition from brands will in-
crease with time in service. As applied by ac-
cepted methods they will not slip from position.

Class & comprises wood shingles that on ac-
count of thickness, length, treatment, coatings,
underlay, or supporting sheathing are not in-
cluded in classes 3 or 4. It also includes
very readily ignitable and hazardous roofing
materiale, such as light asphalt or tar impreg-
nated paper or straw thatch.

(d) Lists of Acceptable Roof Coverings

The above general requirements are exempli-
fied by the following lists of roof coverings of
which a sufficient number have been tested to
indicate acceptability for the different classes.
Pending the establishment of definite per-
formance requirements for various classes of
roof coverings, additional coverings not included
herein can be classified by comparison under rec-
ognized tests with roof coverings herein clas-
sified.

(1) Buillup Roof Coverings.—A classifica-
tion of built-up roof coverings is given in tables
46 to 48. The roof coverings are assumed to be
applied according to accepted good practice.

The minimum combined weight of bonding and
coating materials required per 100 ft* of roof
surface, for coverings nailed to deck and cover-
ings held in place by cementing material applied
directly to deck, are given. In the case of roof
coverings nailed to deck, weights are based on
designs which permit the least number of felt
layers to be bonded with cementing material.
The weights of felt given are minima.

Roofs surfaced with gravel or slag require not
less than 400 Ib of roofing gravel or crushed
stone or 300 lb of crushed slag per 100 ft* of
roof surface.

TABLE 46.--Cl. 88 1 built-up roof coveringa

Minimgm
welght of ce-
menting mate-
rial per 100 i1

Description
Roofing

Roofing
alled | e
* | to deck

Asbestos-felt saturated with asphalt bonded and surfaced with asphalt
cement

/] b

4 layers of 14-1b felt éls 1b H conted) .. 60 10
2) 21iayers of 38-1b felt (each olz‘ply 141b relt) 40 720

1 h er of 85-1b talt (851b If coated) and 2 layers of
falt (18Tbifcoated).. ......_...__...._.._.. 80 90
“ 3 hnrl oflll-l%‘f:{t (18 1b if conted) limited to in- © ®
s 2 l‘ym of&a-lb falt (u 1b i costed) limited to in- © 7

-folt saturated wlth saphalt, bonded with asphalt cement end sur-
Rag faoed with n?lvtlbuluon uph:l'tpum ¢

1) 4 layers of 14-1b felt. 100 180
1 layer lu-l felt. and ﬂhm of 14-1b it ... 100 130
1 layer of 141b N md layers of 30db or hesvier
oap Or bana gheets .. ... ........oocoiiiiiiieen 100 130
i«; 3 layers of nthsvtetu or base shee! 100 130
8) 8 layws of 141b felt. Limited to inoombuaubh
L T 80 130

t and rag-felt saturated with asphalt
with asphalt cement

Asbestos-felt saturated 'lth
bonded

(1) 1layer of 268-1b rag-felt and 2 layers of 14-1b asbesios
felt (18 1b If coated) Mmited to incombustible
decks. .. . 60 90

Asbestos-felt or rag-felt saturated with tar, bonded with tar and surfaved
with gravel or slag on tar

ilg 4layersofi4-Ibfelt . ______ .. , 120 185
1) 3 layers of 141b felt. Limited to Incombustible
dookd. e L 160

Rag-folt saturated wlth u{)halt bonded with asphalt cement and sur-
faced with Y%-in t impregnated fibrous board applied with
asphalt mastlc.

(1) 3layers of 14-Ib felt or other class 3 bullt-up roofing.. 40 90
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TasLE 47.——Class 2 buill-up roaf coverings

Minimum
welght of ce-
menting mate-
rial per 100t}

Deacription
Roofing Ro&l}nn

n
mented
todeck | ¢ "yack

Asbestos-felt saturated with asphalt, b;mded and surfaced with asphalt
osmen

[ ]
(1) 3layers of 14-1b felt (181b llooatedg.___.,._____,_.. 40 90
(2) 21ayers of 35-Ib felt (551bifcoated) ... ______ .. . 4% 70
(3) 1 layer of 35-1b felt (85 Ib if coated) and 1 layer of
14-1b felt (181b ifcoated) ... ... ... ... 40

Rag-felt saturated with asphalt, bonded with balt cement and sur-
faced with gravel or slag on asphalt cement

80
2 layers of 30-1b or beavier cap or base sheets . _._ 80

(1; 8 layers of 14-1b felt

130
[¢) 110

Asbestos-felt or rag-felt saturated with tar, bonded with tar and surfaced

with gravel or slag on tar
(1) 8layersof i4-Ibfelt ____ . .- 9% 160
" TasLE 48.—-Class 8 buill-up roof coverings
Minimum
welght of
sementing F&:—
torla B
Description
Roof- ng""
ing ulf
PEC | mented
deck | 1O
Rag-felt saturated with asphalt, bonded and surfaced
with asphalt cement: 1] 1]
1) 3layersol 14-lbfelt. .. ... ... ... ... (7] 20
2) 1layer of 38-Ib felt and 1 layer of 141bfelt .. 40 70
3) 3 layers of 30-1b or heavier cap or base sheets. . . 40 70
4) 2layers of 14-1b felt and 1 layer 14-1b or beavier
caporbasesheet. .. .. ... 0

(2) Prepared Roof Coverings.—Prepared roof
coverings are assumed to be applied according
to accepted good practice. Where rag felt is
indicated, asbestos felt of equal weight can. be
substituted. The coverings are all classified as
applied over wood sheating of 1-in. nominal
thickness.

From the standpoint of relative effectiveness
of the different types of wood roof sheathing,
the tongue-and-groove boards gave the best
results in the brand-and-flame teste and the
square-edge sheathing with boards spaced about
% in. spart were indicated as better than slat
decks of 3-in. strips spaced 5 or more inches on

centers.  Accordingly for classifications based on
slat supporting construction, square-cdge or
tongue-and-groove sheathing can be substituted
and the latter can be substituted fort he square-
cdge sheathing.

By end lap is meant the overlapping length
of two units, one placed over the other. Head
lap is the distance that the lower of threec super-
imposed units overlaps the upper unit.

Where the coverings are applied over con-
crete or other masonry roof slabs of 1 in. or
greater thickness, the thickness of the roof
covering is not a consideration as far as fire
resistance is concerned.

Cla,szis 1. Prepared roof coverings

Brick 2% in. thick.

Reinforced portland cement concrete 1 in.
thick.

Concrete or clay floor or deck tile 1 in, thick.

Flat or French-type clay or concrete roof tile,
% in. thick with 1% in. or more end lap and
head lock, spacing body of tile % in. or more
above roof sheathing, with underlay of asphalt-
saturated rag-felt in one or two layers of total
weight not less than 24 1b per 100 ft? or onc
layer of asphalt-saturated asbestos-felt weighing
not less than 14 1b per 100 ft 2.

Clay or concrete roof tile, Spanish or Missjon
pattern, ¥, in. thick, 3-in. end lap, same under-
lay as above.

Slate ¥, in. thick, 3-in. head lap.

Cement-asbestos shingles laid American
method, ¥, in. or greater average thickness, 2-in.
head lap.

Corrugated sheet steel, 24-gage metal or
heavier, covered on both sides with asbestos
felt weighing not less than 9 1b per 100 ft ?,
cemented to the steel and saturated and coated
with asphalt weighing not less than 18 Ib per
100 ft ? for each side. Sheets are to have not
less than 3-in. side lap and 6-in. end lap. Over
metal roof decks the underlay is not required
from the standpoint of fire resistance.

Asphalt-saturated asbestos sheet roofing, 4-
ply, with an unsaturated asbestos top sheet,
weight not less than 80 Ib per 100 ft* of roof
surface, laid in single thickness with 2-in. end
lap and side edges butted, with 6-in. wide strip
beneath.
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Class 2. Prepared roof coverings

Cement-asbestos shingles of ¥,-in. or greater
. ckness laid with not less than than 2 in.
side, end, or combined side and end lap, accord-
ing to the French, Dutch, or Scotch method,
with underlay of asphalt-saturated rag-felt in
one or two layers of total weight not less tham
24 Ib per 100 ft* or one layer of asphalt-
suturated asbestos-felt weighing not less than
14 1b per 100 ft2,

Asphalt-asbestos smooth surfaced sheet roof-
mng, 3-ply, laid in single thickness, weight not
less than 60 lb per 100 ft* of roof surface
with 2-in. end lap and side edges butted, with
6-in. wide strip beneath.

Asphalt-asbestos felt smooth surfaced sheet
roofing, 3-ply, with an unsaturated asbestos top
sheet, weight not less than 55 b per 100 ft?
of roof surface, laid in single thickness with
2-in. or more end and side laps.

Asphalt-asbestos felt shingles made of as-
bestos felt saturated and coated with asphalt,
surfaced with mineral granules, and weighing
not less than 80 Ib per 108 ft* and as laid on
the roof with 2-in. or more head lap, weight
not less than 180 ib per 100 ft* of roof surface.

Asphalt mastic shingles composed of asphalt
and fibrous and granular materials of which not
less than 45 percent by weight is incombustible,
laid with not less than 2-in. head lap, total
weight not less than 425 1b per 100 ft? of roof
surface.

Copper, galvanized iron, or tin-coated iron
standing seam or flat seam sheet roofings, under-
laid with 14-lb saturated or unsaturated as-
bestos felt or asphalt-saturated rag-felt in one
or two layers of total weight not less than 24
b per 100 {t* of roof surface.

Copper or galvanized iron tile or shingle
pattern roofings with same underlay as above.

Class 3. Prepared roof coverings

Copper, galvanized iron, or tin-coated stand-
ing-seam or flat-seam sheet roofing either with-
out underlay or with underlay of rosin-sized
paper.

Copper or galvanized iron tile or shingle-
pattern roofings without underlay or with
underlay of rosin-sized paper.

Asphalt rag-felt individual or strip shingles

made of rag-felt saturated and coated with as-
phalt, surfaced with mineral granules and
weighing not less than 80 Ib per 108 ft' and as
laid on the roof with 2-in. or more head lap,
weight not less than 180 Ib per 100 ft? of roof
surface.

Asphalt-asbestos felt-roll roofing surfaced
with mineral granules and laid in single thick-
ness with 2-in. or more side and end lap, weight
not less than 85 lb per 100 ft? of roof surface.

Asphalt-asbestos felt smooth-surfaced sheet
or roll roofing laid in single thickness with 2-in.
or more end and side lap, weight not less than
50 1b per 100 ft* »f roof surface.

Zinc sheet or shingle roofings with underlay
of 24-Ib asphalt-saturated rag-felt in one or two
thicknesses or 14-lb unsaturated or asphalt-
saturated asbestos felt.

Wood shingles with butt thickness not less
than ¥ in. laid with not less than 6-in. head lap,
coated on bottom with asphalt emulsion weigh-
ing not less than 4 Ib per 100 ft? of roof surface
except for upper 2 in., and on top and three
edges with asphalt weighing not less than 60
1b per 100 ft? of roof surface, inte which are em-
bedded granules of crushed slate weighing not
less than 100 Ib per 100 ft* of roof surface.
Shingles are to be laid over slat or close ¥%-in.
wood sheathing.

Class 4. Roof coverings

Asphalt rag-felt mineral-surfaced roll roofing
laid in single thickness with 2-in. or more end
and side laps, weight not less than 75 Ib per 100
ft? of roof surface.

Asphalt rag-felt smebth-surfaced roll roofing
laid in single thickness with 2-in. or more end
and side laps, weight not less than 35 lb per
100 ft* of roof surface.

Wood shingles of not less than %-in. butt
thickness chemically treated under pressure
with double treatment of sodium borate, and
zine chloride with evacuation and drying be-
tween treatments laid with 6-in. or more head
lap.

Edge-grain red-cedar, redwood, and No. 1
pine shingles, ¥e-in. butt thickness, 18 in.
long, laid with 6-in, weather exposure on ¥-in.
square-edge wood sheathing with boards spaced
not more than % in. apart.
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Edge-grain red-cedar and redwood shingles,
%-in. butt thickness, 16 in. long, laid with 5-in.
weather exposure on ¥-in. tongue-and-groove
wood sheathing.

Edge-grain red-cedar and redwood shingles,
%-in. butt thickness, 16 in. long laid with 5-in.
weather exposure on ¥-in. square-edge wood
sheathing with boards spaced not more than
% in. apart and asphalt or tar-saturated rag
felt between shingles and sheathing.

Wood shingles of any species ¥-in. or greater
butt thickness, 16-in. or greater length, laid
with not less than 6-in. head lap on ¥-in.
square-edge or tongue-and-groove wood sheath-
ing, spaces between boards not more than ¥ in.
and underlay between boards and shingles of
asphalt-saturated rag-felt in one or two layers
weighing not less than 24 1b per 100 ft® or

asphalt-saturated asbestos-felt weighing not
lesg than 14 1b per 100 ft2,

Red-cedar, redwood, or No. 1 pine shingles,
butt thickness not less than % in., 16-in. or
greater length, laid with not less than 6-in.
head lap on ¥%-in. squarc-cdge or tongue-and-
groove wood sheathing, space between boards
not more than ¥ in., shingles before application
to be dipped to within 2 in. of the top in mineral
oxide paint tbhinned so that the weight of
pigment is not less than 30 percent of the weight
of the prepared paint, and a brush coat of the
unthinned paint applicd over the exposed length
after application on the roof.

Class 5. Roof coverings

Roof coverings possessing greater fire hazard
than those included in class 4,
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APPENDIX A. SUMMARY OF RESTRICTIONS AND LIMITATIONS IN SIX TYPI-
CAL BUILDING CODES BASED ON TYPES OF CONSTRUCTION

This study is based upon an analysiz of building codes
to determine the nature and extent of the restrictions
imposed by them acoording to types of sonstruetion.
The following codes were used:

New York City, 1988;
Boston, (Proposed, 1088);
Minneapolis, 1085;
Atlante, 1024;

Denver, 1985;

Beattle, 1087,

The restrictions in each of the codes were studied
under the f{ollowing general hoadings supplemented
with a brief discussion:

1. Classifications.
II. Loosation with respeot to fire sonee,
I11. Permissible spacing from adjacent construc-
tion or property linee.
IV. Permissible heights and areas of bufldings.
V. Permissible materials. :
V1. Required degrees of fire resistance of struc-
tural members,
V1I. Permissible ocoupancies.
VIIL “Discussion,

The study covers substantially the requirements of
the codes on the topics under consideration, but neces-
sarily presented in abbreviated form rather than in the
original werding. For information regarding specifie
cases reference should be made directly to the codes.

For convenjence, the classifications of construction
by type and occupancy are included in the study at the
beginning. When encountered later in the detailed
requirementa, they may be identified-by turning back to
the first section. Permissible heights and areas are
given as combined limitations where they are eo
expressed in the ocodes.

These requirements are presented as typical of those
applied in building codes of American cities at the
present time. A discussion thereof in relation to the
classifications of building construction presented in this
report is given at the end of this summary.

I. CLASSIFICATIONS

1. Nzw Yorx
(a) Classification of Structures by Type of Construction

Class 1. Fireproof structures.
Class 2. Fire-protected structures.
Class 3. Nonfireproof atructures.

Clasz 4. Wood frams structures,
Class 5. Metal structures.
Clsas 6. Heavy timber structures.

(3) Classification by Occupancy

Publiec Bulldings.—Structures for civie, political,
educational, religlorws, or recreational purposes, or in
which persops are harbored for medical, charitable or
other care or treatment.

Resaidence Bulldings.—Btructures in which sleeping
accoramodations are provided (unless otherwise classed
as publie buildings), inecluding multiple dwellings.

Commercial Buildings.— Structures which are neither
publie nor residence buildings, but which include office
buildings, factories, sales rooms, markets, restaurants,
warehouses, garages, eto,

2. BosTON

{a) Types of Construction

Type 1. Fireproot,

Type II. S8emifireproof.

Type 111. Heavy timber and masonry,
Type IV. Light wood and masonry.
Type V. Metal frame.

Type VI. Wooden frame,

(1) Occupancies Classified

Group A. Theaters,

Group B. Halls.

Group C. 8chools.

Group D. Hospitals and detention buildings.

Group E. Commercial buildings of hazardous occu-
paney.

Group F, Offices and commercial buildings.

Group G. Commeredial buitdings of nonhazardous occu-
paney.

Group H. Dwellings, large.

Group 1. Dwellings, small.

Group J. Miscellaneous structures.

8. MinNzAPOLIA

(a) Types of Consiruction

Type 1. Fireproof.

Type 2. Blow burning.

Type 8. Skeleton and all-stecl.
Type 4. Ordinary.

Type 5. Frame.
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(b) Classification of Buildings

Class A-1.— Bakeries, chemical works, crane sheds,
flour mills, foundries, ice-storage houses,
faundries, machine shops, manufacturing
buildings, power houses, sheds, ware-
houses, wholesale stores, woodworking
shops.
Baths, business colleges, department
stores, markets, office buildings, places of
assembly for not over 100, public conveni-
ence stations, recreation buildings, res-
taurants, retail stores, telephone ex-
changes.

Class B-1.—QGarages, motorboat houses, hangars,
paint shops, enameling shops, rag shops,
buildings for the manufacture, storage,
use or sale of inflammable liquids and
other inflammable substances, including
calcium carbide,

Class B-2. Dry-cleaning establishments, buildings
used for storage or manufacture of cellu-
loids, buildings for storage of explosives
and for generating acetylene.

Class B-3.— Stables.

Class A-2,

Class  C.—Public buildings: Armories, auditoriums,
churches, administrative buildings, court-
houses, dance halls, post offices, schools,
eto.

Class D.— Theaters.

Class E-1.— Multiple dwellings, hotels, lodging houses,
dormitories, monasteries, convents, board-
ing schools, clubhouses, more than 10
sleeping rooms.

Class F—2.—Hospitals, sanitariums.

Class E-3.—Prisons, reformatories, jails, asylyms.

Class F.—8ingle and two-family dwellings, lodging

houses, dormitories, monasteries, not more
than 10 sleeping rooms.

4. ATLANTA

(a) Classification of Buildings by Construction

1. Frame cobstruction.
I1. Non-fire-resistive construetion.
a. Ordinary construction.
b. Mill eonstruction.
II1. Fire-resgistive construction.

(b) Classification of Buildings by Occupancy

1. Public Buildings.

Class A.—Armories, asylums, bath houses (with
sleeping accommodations other than those re-
quired for janitor), city halls, colleges, oqurt houses,
detention buildings, police stations, hospitals,
libraries, museums, nurseries, railway passenger
stations, schools and theaters.

Class B.—Amusement halls, churches, exhibition
buildings, lodge rooms, public halls.

11. Residence Buildings.
Class C.-—Bachelor apartments, club houses and
studios with more than 15 sleeping rooms, dormi-
tories, hotels, and lodging houses.
Class D.—Dwellings, apartment houses, and all
other residence buildings not specified in Class C.
IT1. Business Buildings.
Class E.-—Factories, lofts, office buildings, print-
ing houses, restaurants, stores, warechouses, and
workshops.
Class F.-—Car bams, foundries, light and power
plants, railroad freight stations, ice houses; special
industry buildings such a8 coffee roasters, cooper-
age shops, dry-cleaning establishments, grain
elevators, ice-making plants, laboratories, malt
houses, oil houses, oil refineries, refrigerating
plants, rendering plants, soap factories, sugar
refineries, smoke houses, slaughter houses, wharf
buildings, garages accommodating more than three

cars.
5. DENVER
{a) Types of Construction
Type I. Fire-resistive construction.

Type II. Heavy timber construction.
Type 1I1. Ordinary masonry construction.
Type IV. Metal frame construction.
Type V. Wood frame construction.

(b) Occupancy Classification

Group A-1.—Major theaters with stage loft and equip-
ment.

A-2—Moving picture theaters seating 1,000 or
more.

A-3.—Places of public assemblage seating 1,000
or more in any one room.

Group B-1.-—Theaters seating less than 1,000,

B-2.--—Places of public assemblage sealing less
than 1,000 in any one room.

Group C.— Public and parochial schools.

Group D-1.-—Jails, prisons, reformatories, asylums.

D-2.—Hospitals, sanitariums, orphanages, nur-
series accommodating more than 8
patients.

Group E-1.——Public garages, gasoline stations, spray
paint shops.

E-2.—Planing mills, box factories, woodworking
and mattress factories.

E-3.--8torage of highly inflammable or explosive
materials.

Group F-1.—Wholesale and retail stores, office build-
ings, restaurants, undertaking parlors,
printing plants, police and fire stations.

F-2.—Factories and workshops using materials
not highly inflammable or explosive.

F-3.-Storage and sales rooms for combustible
goods.

Group G-1.—Ice plants, power plants, pumping plants,
cold storage, creameries.

G-2.—Fectories and workshops using incom-
bustible or non-explosive materials.
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Group G-3.—8torage and sales rooms for incombust-
ible or non-explosive gooda.
tiroup H-1.—Hotels, apartment houses, dormitories,

lodging houses,
H-2—Convents, monasteries, accommodating
10 or more.
Croup I.— Dwellings.

Group J-1.—Private garages.
J-2.—Acocessory buildings and structures such
as gsheds, fences, water tanks, towers.
J-8.—8Stadiums, reviewing stands, amusement
park structures.

8. SEATTLE
(a) Types of Construction

There shall be five general classes of buildings as
follows: Fireproof, steel joist, mill, ordinary masonry,
frame, and such other specisl classes as are elsewhere
herein permitted for special uses.

(b)Y Occupancy Classification
No oecupancy classifications are given.
II. LOCATION WITH RESPECT TO FIRE ZONES

1. NuMBer oF ZoONEs, INCLUDING AN UNRESTRICTED

AsEA
New York. . .. .. 3
Boston._ ... . aoo.. 3
Minneapolia_ . ool 8
Atlanta. .. . 2
Denver. .. . e 4
Beattle . 4

2. RESTRICTIONS AND LIMITATIONS
(a) New York

Frame oonatruction forbidden within fire limits.

With certain limitations frame residences ocoupled
by not more than two families, and one-story stables
and garages 600 ft? or less In ares on the same lot or
plot, are permitted outside fire limits.

In the Borough of Richmond, frame structures of
two stories in height, not over 8,000 ft? in area, are
permitted for business purposes other than garages,
motor-vehlole repair shops, or gasoline service stations.

Certain other frame structurea are permitted outaide
the fire limits provided they are not used for industrial
or commercial purposes or as & place of publio assam-
bly, and do not exceed 40 ft or three stories and base-
ment in height, or 8,500 {t? In area.

(b) Boston

‘Wooden frame construction is prohibited within
first fire zone.

Wooden frame dwellings for one or two families are
permitted in second fire zone.

Garages for more than four cars in the first and
second fire sones shall be of fireproof or semifireproof

construction and if more than one story in height shall
be of fireproof construction.

Metal-frame buildings for use as garages aro pro-
hibited in the first fire sone. In the second fire zone,
metal-frame buildings for uss as garages are per-
mitted if one story in height and not more than 600 ft?
in area,

Schoola in the first and second fire sones shall be of
fireproof or semifireproof construction.

Wooden frame buildings not over 27 ft high on
wharves, and for the storage and handling of coal or
grain in bulk, are permitted in the first and second
fire zones if the exteriors are covered with slate, tils,
sheet metal, or other equally fire-resistive materials.

(¢) Minneapolis

Within the Fireproof District, one-story buildings of
slow-burning or orcinary construction, or skeleton and
all-steel construction- when having masonry exterior
walls, and one-story sheds of all-steel construction not
over 400 11 in area or 12 ft high may be erected. All
other construction in the Fireproof District is required
to be fireproof.

Within the fire limits, fireproof, slow-burning, skele-
ton and all-eteel, and ordinary constructions are
permitted. Masonry exteriqr walls are required.

(d) Atlanta

No frame bullding except temporary buildings may
be erected within the fire limits.

(e) Denver

Wood-frame construction ia prohibited in fire zones
Nos. 1, 2, and 3.

Ordinary masonry and metal-frame constructions in
fire sone No. 1 are limited to 400 ft* In area and one
story or 20 ft in helght.

Temporary struotures, such as roviewing stands, are
permitted in fire sones Nos. | and 2.

In fire sone No. 8 frame sheds and chickun houses
are permitted.

There are no restriotions in fire xono No. 4.

() Seatile

Bufldings in the First Building District are required
to be of flreproof, steel-jolst, or mfill conatruction.
Ordinary masonry oconstruction not higher than one
story is permitted.

The requirements for the Second Bullding District
are the same as thoss for the First Building District
except that ordinary masonry construction may be
two storles high.

In the Third Building District ordinary masonry
construction may be four stories high. Frame resi-
dences of two stories or other frame buildings of one
story if roofed with shingles or of three stories if roofed
with three-ply roofing or roofing as for mill buildings are
permitted.

There are no restrictions in the Fourth Building
District.
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111. PERMISSIBLE SPACING FROM ADJACENT
T r

CONSTRUCTION OR PROPERTY LINES

1. New York

The restrictions given below apply to structures
located outside of fire limits:

Frame residence, not more than two families, eight
livable rooms per family, when covering 80 percent or
iess of the area of the lot:

Distances hetween buildings across side lot lines,
6 ft.
Distance from a side lot line, 2 ft.
Four double dwellings with party wall:
Distance from opposite side lot line, 4 ft.
When width of plot ig 30 ft or less, single-family
dwelling:
Distance from lot line on one side, 3 ft.

Distance from other lot line if not contiguous with
building on adjoining lot, 2 ft.

Frame residence, maximum 10 livable rooms per fam-
ily, when covering not more than 50 percent of the area
of the lot and 60 percent of the width of the lot:

Distance from nearest lot line, 26 ft.

Frame residence, maximum 12 livable rooms per
family, when not covering more than 50 percent of the
width of the lot:

Distance from nearest lot line, 50 ft.

One-story stables or garages, 600 ft? or less in area, 15
ft or less in height; on same plot with one- or two-
family residence structures:

Frame.—Distance from lot line, 3 ft.
Masonry exterior walls, masonry-veneered or stud
spaces filled:
Distance from lot line may be less than 3 ft.

Prame business siructures in the Borough of Richmond
other than garages, motor vehicle repair shops, or
gasoline stations, not over 2 stories in height or 300 ft?
in area or 80 percent of width of lot:

Distance from side lot line, 4 ft.

Other frame siructures, except commercial, industrial,
or places of assembly:

Distance from nearest boundary line, 30 ft.
Distance from nearest other structure between it
and boundary line, 30 ft.

Prame siructures, except a8 otherwise provided:

Clearance from other frame structures on same
plot, 6 ft.
Frame structures, used for manufacturing purposes or
for storage of inflammable materials:

Distance from lot lne, 15 ft.
Other business siructures of class 5:
Distance from lot line, 4 ft.

2. BosTOoN

Halls, Schools, Hospitals, Detention Buildings, Com-
mercial Busldings, Haszardous Occupancies:

Exterior walls less than 5 ft from property

roaunired to he of A.hr firo.ragiagtive nongtr
TTQUIreG v 08 O %07 Arc-resisuive Consiy

ine are
Exterior walls more than 5 ft but less than 10 f
from property line are required to be of 2-hr
fire-resistive construction.
Office and Commercial Buildings, Commercial Build-
ngs of Nonhazardous Occipancy:
Large dwellings:
Exterior walls iess than 10 ft from property
line are required to be of 2-hr fire-resistive
construction.

Small dwellings:

Exterior walls less than 5 ft from a property
line are required to be of 2-hr fire-resistive
construction.

Miscellaneous Structures:

Exterior walls less than § ft from a property line
or less than 10 fi from another building on the
same lot are required to be of 1-hr fire-resistive
construction; less than 3 ft from a property line
or less than 6 ft from ancther building on the
same lot are required to be of 2-hr fire-registive
construction.

3. MINNEAFOLIB

Exterior walls of Class A buildings required to be of
masonry if nearer than 5 ft to property line or 10 ft to
another building on the same property. (Class A
includes shops, warehouses, stores, office buildings, and
certain places of assembly.)

Exterior walls of Class B-1 and B-3 buildings re-
quired to be of masonry if within 10 ft of property line
or other building on the same property.

No Class B~2 buildings shall be built less than 10 ft
from property line or any other building on the same
property.

Dry-cleaning establishments are required to be not
less than 15 ft from any other building on the same
premises and from any property line.

No private garage shall be erected within 15 ft of
any Class E-1 building (multiple dwellings, hotels, ete.)
without permit from the City Council.

Walls of garages are required to be of masonry if
within 4 ft of any dwelling already erected or within 1
ft of the side lot line. Double private garages may be
erected on the lot line by mutual consent without
masonry separating walls,

Airplane hangars may be of frame construction when
40 ft from any adjacent property line or other building
and 20 ft from any other hangar.

Walls of Class C (Public) buildings are required to
be of masonry if nearer than 5 ft from a property line
or other building on the same property.

Class D (Theaters) No applicable requirement.

Sanitariums (Included in Class E-2) one story, 15 ft
in height may be of frame construction if at least 5 ft
from any property line or 10 ft from any other frame
building.

Walls of Class F buildings are required to be of
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masonry if nearer than 3 ft from any property line or
any other building on the same property. (Class F
includes dwellings and lodging houses, dormitories, eto.
of not more than 10 sleeping roomas.)

o8l pockets, etc., may be of wood if not less than
10 {t from any property line.

Gas holdars are required to be 100 ft from any
private property held under separate ownership,

Grandstands of wood may not be closer than 10 ft
to property line or 20 ft from other frame buildings.

Toller soasters of wood are required to be at least 20
ft from property line or other frame struotures on the
same property. If steel or concrete, not mited as to
location, )

Other amusement devices of wood shall not be nearer
than 20 ft to adjacent property lines.

4. ATLANTA

Frame bulldings of Class F (varfous industrial
buildings) and frame bulldings of other clames axoeed-
ing 5,000 ft* without sprinklers are required to be 35
ft from side or rear lot lines; if the area exoveds 7,500
12, 100 ft from side or rear lot lines.

The minimum permissible distance of a frame build-
ing from a lot line is 8 £t and from another buflding on
the same lot, 10 ft. These distances may be reduced
to 3 ft and 8 ft, respectively, Iif the spaces between the
studs are properly filled and the walls protected as
required.

If the adjacent walls of two buildings have no open-
ings, and are proteoted in the prescribed manner, there
is no limitation as to distance between them,

5. DenvEn

Walls of Group E buildings are required to be of
masonry if within 10 ft from adjacent property lines.

(Group E includes public garages, shops and factories
working with inflammable materials, and places storing
inflammable or explosive materials.)

Exterior walls of Group F buildings are required to
be of masonry if within 4 ft from adjacent property
lines. (Group F includes stores, office buildings,
factories, and storage places for combustible goods.)

Location with referenos to property lines of buildings
of Group I (private dwellings) ls governed only by
soning ordinanocea,

6. SEaTTLR

Frame residences are required to be 18 in. from the
lot lines of adjacent property.

Frame buildings other than residences are required
to be 8 ft trom the lot lines of adjacent property.

These restrictions are removed if the walls are of
fireproof material or otherwise built as required by the
code,

Frame buildings not over 400 f{* in ares may, under
oertain oonditions, be constructed up to the lot line.

Walls of incombustible service stations in the First
and Becond Building Distriots are required to be of
masonry if nearer than 0 f¢ from adjacent property
lines,

Incombustible shelters on auto parking lots in the
First and 8econd Building Districts are required to be
8 ft from the lot lines of adjacent property.

IV. PERMISSIBLE HEIGHTS AND AREAS OF
BUILDINGS

1. Nxw Yorx

The maximum height and area limits of buildings as
applied in the New York City building code are given
In table 49, but subject to the following qualifications.

TanLe 49.—Marimum heights and areas of buildings, New York City building code

Oonstruction classifioation
Use clamificats Class 1, Pireproof Class 11, Fire-protected Class 111, Nonfireproof
Btreet Street
Helght Ares Helght Ares | oiots | . Helght Ares | (U0
o n ”e n Sorlss | 0 No. r Stories | No.‘
Publlo( ....... S e [T EEESS PR PEY SN A RN EOUT SR Suvnan RN R
L g P ST TINT P ] PURURUIORVRNIIIN IR QUSRS RN EPPU NN A NPT ST S WS
churohes, bospitals, asylums
( and places of inoarceration or amusement)
() PubBO. .o e eeees Unlimited_....| Unlimited..... 0 3| 7,80 1 2 5,000
other than (1) and (8)) ... o oooeaeo.. [ 3 | 13,000 3
( (1) and (3)) ® : lam H
Commereial ..o do....ooofeoens do.__...... 76 6| 7,800 1 50 4| 7,800 1
* i e i ) slum) ) sl Cilwe)
sbops and gasline seliing stetioos) 50 4 | 10,000 1 % 2 | 10,000 1
80 4 | 14, 500 ] 0 21 14,800 2
80 4| 17, 500 3 0 2} 17, 500 3
()] vehiols repair shops and |..... do......... L7 NS AR 2l 17,000 3 F— 11 7,800 1
%;'mnmm 8| 132,000 ] 1| 13,000 ]
3 I:',ooo (] 1 13'.000 3
............ . 100 000 1 7
(6) Rostdenon. .......ovvenvenemnmnananne do. do. lg g ﬁm ! (] [] .a,oon
100 20, 000 3
s oo under Class VI



TABLE 48.- Mazimum heights and areas of buildings, New York City building rode- - Continued

Construction elassificat fon
Use classification Clasg 1V, Wood frame Class V, Mote! ‘ Ciasy VI, [eavy titmber
R e e e et e e . |
Height Arca Height Area l Height : Area & ?:4:'::‘!‘\
L _ IR ‘ | e T Ll B
1t Stories fee ft Stortes | 1 | ft | Stories Jn ] No

(1) Public*. . ___ L jeeiaaen S T, U SO . 40 | 2 6,000 | i
(churches only) e e ‘ 2 8,000 2013

@ Publics o e e A T 2| s 000 !
(other than churches, hospitals, asylums !

and places of incarceration or smuse- i
ment) . .. ... 2 8,000 , 2ory

@ Public.. .. ... ...l ... 1 800t .. ... . 0 8,000
(other than (1) and (2)) .- !

) Commereial ... e 30 1} 13,000 65 5 7, 500 | !
(other than garages, motor vehicle repair 85 5 12, 000 b
shops and gasoline selling stations) 85 5 15, 000 3

40 3 10, 000 1
40 3 14, 500 2
40 3 17, 500 3

(5) Garages, motor vehicle repair shops and

gasoline selling stations . .. ... _ 20 1 5, 000 1 10, 000 1

1 15, 000 2

i 18, 000 3

(6) Residemeos . . . __.._...._. 35 b2 2,500 ... 75 6 3, 000
10 3} (single {am-
ily occu-
pancy).
t

» See under Clasa VI,
» Unoooupied attic permitted.

The limits of area for business and garage structures
(except Class V Metal structures) may be increased
100 percent when approved sprinkler systems are
installed.

Class I1, Class III, and Class VI, business and garage
structures of greater total area may be constructed,
provided they are divided by fire walls into areas
within the tabular limits.

Public buildings of Class III construction, whose
tabular height limitation is 20 ff, may be erected to a
height of 35 ft if having only one occupied story.

Class I1I residence structures of greater area than
3,000 ft? may be constructed provided they are divided
into units of area of 3,000 ft? or less, by walls or parti-
tions having a fire-resistance rating of ai least 3 hr.

Coal pockets and grain elevators, within the fire
limits, shall be Class I Fireproof structures, or Class
IT Fire-protected structures.

Clasge VI Heavy timber construction or structures
used exclusively for the storage or handling of building
construction materials may, in the discretion of the
Superintendent; exceed 40 ft or 3 stories in height.

2. BosToN

The permissible heights and areas of buildings ao-
cording to the 1938 proposed code are given in table
50, subject to the following qualifications and further
reatrictions.

Buildings on wooden wharves shall not exceed 20,000
ft? in area.

Group B.—The maximum ares provided may be
inereased 50 percent if the entire floor area is protected
by automatic sprinklers.

Group C.—8Same as Group B.

Group D~—Division 1. Jails, prisons, reformatories

and similar buildings.

Division 2. Hospitals, sanitariums, or-
phanages, ete.

Division 1 buildings shall be of Type 1 throughout.
The ceflings and partitions of Division 2 buildings
more than one story in height shall be of not less than
1-hr fire-resistive construction, and the first floor of
such buildings more than two stories in height shall be
of Type I eonstruction.

The basements, cellars, store rooms, corridors, and
stairways of Group D buildings of other than Type I
or Type 11 eonstruction shall be protected by automatic
sprinklers.

Group E.—-Division 1. Garages of more than six

cars capacity and hangars.

Division 2. Planing mills, box factories,
wood-working plants, mat-
tress factories, paint shops,
dry-cleaning planta.

Division 3. Buildings for the storage of
hagardous, highly flammable,
or explosive material or lig-
uids,
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The limite in arca shall not apply to buildings one
story high of Group E Division 1 of Type I constric-
tion. These may be 15,000, 20,000 and 25,000 ft?¥
for one, two, and three sides accessible, respectively.

Every unit of Group E occupancy higher than two
stories or having an aggregate floor area greater than
10,000 ft? shall be equipped throughout with auto-
matic sprinklers.

Group F.—Divigion 1. Office buildings, restaurants,
police and fire stations, mu-
seums, and libraries,

Division 2. Wholesale and retail stores,
printing plants, factories and
work shops using materials
not highly flammable,

Division 3. Buildings for storage and sale
of goods not highly flam-
mable, stables and buildings
not on wharves, for storing
or handling transient freight.

Division 4. Wharf buildings for storage
and handling of transient
freight.

Group F —Buildings of Divisions 2 and 3, six or
more stories in height shall be equipped with automatic
sprinklers,

The maximum areas for buildings of Division 1, and
for buildings of Divisions 2 and 38 less than six stories
in height may be increased fifty percent if the entire
floor area is protected by automatic sprinklers.

Group J.—The maximum areas provided may be
increased 50 percent if the entire floor ares in protected
by automatic sprinklers. :

3. MINNEAPOLIS
(a) Height Limilations

Type . Fireproof.—This type of construction shall
not be limited in height.

Type 2. Slow-Burning.—Limited to six stories, 75
ft. or less in height and not permitted in Fireproof
District except for special cases noted in the code.

Type 8. Skeleton and All-Steel.—Limited to one
story and one meszanine or 75 ft except when roof
purlins or roof boards are of wood, in which case such
buildings shall not exceed 45 ft. Not permitted in
Fireproof District except for special cases noted in the
code. Permitted in fire limits when interior walls are
of masonry and buildings are limited in area and located
on a lot as given under class of building.

Type 4 Ordinary.—Limited to four stories, 55 ft.
Not permitted in Fireproof District when excceding
one story.

Type 5. Frame.—Limited in height to two stories
and attic or 38 ft. Not permitted in Fireproof Dis-
trict or fire limibs,

Exceptions.—Buildings not exceeding one story in
height of Types 2 or 4, and of Type 3 when having
masonry exterior walls, may be constructed in the
Fireproof District.

Class A buildings shall be built of one of the following
types of construction:
If not over one story or 20 ft, of any type.
If not over four stories or 55 ft, of Types 1. 2,
or 4.
If not over six stories or 75 ft, of Types 1 or 2.
If over gix stories or 76 ft, of Type 1.
Class A-2 buildings may be built of Type 5 construc-
tion if not over two stories or 25-ft height.

(b) Area or Combined Height and Area Limitations

General area limitations are given in table 51, which
however, are qualified by building height and occu-
pancy as indicated below.

TaBLE 51.—General height and area limitations, Minn,-

apolis code
Maximum floor ares
Type of _ e e
construc- Number of stories
tion One Two | Three
streets | streets | stroots
ft1 1 st
tatory........._. | Nolmit [ ... PR
Type | 2 stories or over_ . .. 30,000 | 40,000 | 55 000
When sprinklered 50, 000 , 000 @ 83,000
lstory. ...._..____... . 20,000 | 26,000 | 30,000
By 2 hen sprinklered 33,000 | 42,000 ; 50,000
¥Ype 2. Nastorlesorover ... 13,000 | 14,000 | 16,000
‘When sprinklered 20,000 | 24,000 | 27,000
T 3 { 18 and mesranine 15,000 | 18,000 | 20, 000
yped. hen sprinklered 25,000 | 80,000 | 34,000
O has spriiiared 2,000 | 26000 | 30,000
en sprin ! 3 ,
Type 4 ..|32 stories or over....... 7,500 | 10,000 | 12, 500
‘When sprinklered 12,500 { 17,000 | 21,000
................. 5000 ; 7,000 | 9,000
Tvpe 5 hen sprinklered 8,500 | 11,780 | 15,000
VP 5 119 storles or over ... - 3,000 [ 4,000 | 5000
. ‘When sprinklered _ 5000 | 6750 8, 506

All Class A buildings except office buildings of Type |
shall be divided into areas not exceeding those given
in table 51,

Buildings of Types 1 and 3 for storage or manufacture
of incombustible materials may be unlimited in ares.

Class B buildings shall be constructed of one of the
following types of construetion:

Sub-Class B-1

If not over one story or 20 ft, 600 ft?, any type.

If not over one story or 20 ft, over 600 ft?, types 1.
2, 3, or 4,

If not over two stories or 30 ft, Types 1 or 2.

If over two stories or 30 ft, Type 1.

Airplane hangars may he Type 5. The height may
be more than 20 ft but not more than 80 fi. Area,
10,000 ft1; if sprinklered, 25,000 ft3.

Class B-1 buildings shall be divided into areas not
exceeding those for class A.

Class B~# buildings shall be Type 1.

Class B-¢£ buildings shall be divided by fire walls into
areas not exceeding 3,000 ft3, openings guarded by Type
A fire doors. In buildings for films, area on one ficor
shall not exceed 7,500 ft2.

Private garages, etc., not exceeding 600 ft* may be
erected with walls of frame construction.
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Class B-8

If not over one story or 20 ft, 600 {t*, any type.

If not over one atory or 30 ft, over 800 {1, Types
1, 9 8 014

If over one atory or 80 ft, Type 1,

Class B-$ buildings shall be divided into areas not
exceeding those for Class A buildings.

Class C buildings shall be one of the following types,
except schools over one story shall be Type 1. The
area may be increased 50 peroent when sprinklered.

If not over one story or 20 ft, 5,000 ft*, any type.

If not over one story or 40 ft, 20,000 fi*, roof and
balcony may be Types 1, 2, or 3; first floor shall be
Type 1, exterior of masonry,

If not over two stories or 40 ft, 5,000 ft*, Types 1,
2, or 4,

H not over two stories or 40 ft, 10,000 £, Types 1
or 2,
~ If over two stories or 40 It, 10,000 fi*, Type 1.
Class D busldings

Seating capacity not over 600, Type 1 or 2.

Beating capacity over 600, Type 1.

Class E buildings shall be construoted of ons of tho
following types:

Class E-1

If not over two stories or 85 ft, 5,000 ft*, Types 1,
2,4, 0rb5.

If not over three stories or 45 ft, Types 1, 2, or 4,

If over three stories or 48 ft, Type 1,

Class B-8

If not over two stories or 35 ft, Types 1, 2, or 4.

If over two stories or 35 ft, Type 1.

Banitariums not over one story or 15 ft, no bcuscment
1,500 fi3, may be Type b.

Class E-8. No height limitations, Type 1 mquimd,

Class B buildings other than Type 1 shall be divided
nto fire areas not to exoeed 5,000 It

Clase F buildings shall be built of one of the following
Aypea of eonstruction:

If not over two stories or 85 ft, Types 1, 3, 4, or §,
exospt that single- or two-family dwellings only may
be built of frame construction of not over two and
one-half stories high,

If not over thres storles or 45 ft, Types 1, 3, or 4,
Class F buildings other than Type 1 construotion shall

‘be divided into fire areas of 5,000 fi2,

Miscellaneous Siructures

Grandstands of wood, 5,000 f{*. The highest level
of seats shall not be more than 20 ft above ground
level and no part of canopy shall exeeed 30 £t above
ground level.

4. ATLANTA
(a) Heights of Buildings

No building or structure hereafter erected, exoept
church spires, water towers, smoke stacks or chimneys,
-shall exceed the limits given in table 52 with the
following qualifications:

Tanru 88~ Hoelght um’tallgm of busidings, Atlania
code

- -
Type of bulldings Helght

Stories
Trame bulldings other than dwellings or apariments. .
Trame dmmi:"(.c brlpmmulgg't more than two

.............................................

2%

Non-| nm-ruhtln bulldings, ordinary construstion. .
Non-ﬂmuhﬂnbgnﬂdlnu, mill construction or metal

Without ) 4L
With spr!'x;’;ln

tive balldings. . . oo

B3z gz sg

L)

Group I, Public Busldings, Class B.—Buildings of
this olass over three stories or 40 ft high, shall be of
fire-reaistive oonstruction, except that church spires
need not be fire rasistive unless they exceed 75 ft in
height.

Group II1, Business Buildings, Class F.—Outside of
fire limits for isolated buildings or plants of a character
not usual to city industries, such as cotton mills, the
height in feet may be increased 50 percent over that
permitted in table 52, but not to exceed 125 ft, and
the area may be increased 60 percent over that per-
mitted under Allowable Floor Areas, table 84(c), ‘“with
sprinklers.”

(b) Allowabls Floor Areas

In every building of the character named in this
seotion the marimum area of any floor between fire
walls or exterior walls, either without or with a full
equipment of automatic sprinklers shall be as given in
tables 58 and 54, unless otherwise qualified.

Unless all floor openings are protected, areas in
buildings equipped with automatic sprinklers shall not
exceed B0 parcent greater than that allowed for similar
bulldings not so equipped but ocoupying similar
location as to streets.

Tanry 53.—Allowabls areas for busldings of non-fire-
registive construction, Atlania ocods

With sprin.
Fronting on— m km(ngxtw

(s) Apartment houses, 3,000 ft!

(b) All other ordinary ncunﬂ:o-cu‘lsl::f:o ‘buildings, heights not exceeding

m
Onestrest........cooenmmorvvcmmnncrcanao.n &, 000 10, 000
Twostrosts. . .o oooemmmmrmmean e 000 12, 000
Th&urmmltmta ...................... g'wo 1%',000

sg8
828

-3
8,
0,

-
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TasLE 54.—Allowable areas for buildings of fire-resistive
construction, Atlanta coJe

‘With sprin-
Fronting on— ;‘;ﬂgﬁgﬁs k{g (lnc're:.)se
percen:
All buildings of class A, B,C,and D__
(a) {L t and power statlons .. ______.__ }No restrictions as to area
Office bulldlngs. ... ...

{h) All other buildings not exceeding 65 ft {n height

m I
One street. ... .. ...

gx8
g8g

Onestrest. .. iiciinanne 7, 800 15, 000
TwWo Streets. - oo ciccoamaae 10, 000 20, 000
Three or more streets. . ... ... 12, 300 25, 000

(d) The first floor only of any fire-resistive buﬂd.ln(f occupled as a store
may have an area of 20,000 ft1, and if fully protected by spproved auto-
n}n‘rg(&iggxllklem may be increased 100 peroent or have s maximum ares
o ! .

(¢) Frame Buildings Qutside of Fire Limits

1. No frame building shall exceed two stories or 35 ft.
in height, except that dwellings may have two-and one-
half stories, provided they do not exceed 35 ft. in height
or 3,000 ft* in area. .

2. No frame building, erected for any ocoupancy
other than buildings of Class F, shall cover a ground
ares exceeding 5,000 ft?, except as modified in para-
graph 4 below; except also that a frame building
equipped with an approved system of automatic
gprinkiers may have an increase in area of 683 percent,
or a total of 8,333 ft1.

3. Frame buildings of Class F, and frame buildings
of other classes having an area exceeding 5,000 ft* with-
out sprinklers, shall not be placed within 35 ft of any
side or rear lot line; 7,500 ft*, 100 ft.

4. The combined area of frame buildings, sheds, and
outhouses located on any lot shall not, exceed 80 percent
of the lot area.

5. Outside of fire limits for isolated buildings or
plants of a character not ususal to city industries, such
as cotton mills, the aren may be increased 60 percent
over that permitted in non-fire-resistive copstruction
given in table 53 (¢), "‘with sprinklers.”

5. DENvVER
(a) Restrictions Based on Types of Construction

I. The height of Type I buildings shall not be

limited.

Type II. Buildings shall not exceed a height of 65 ft.
Floor areas are limited by occupaney require-
ments.

Type II1. Buildings shall not exceed a height of 45 ft in

which height there shall be not more than

three stories. Floor areas are limited by
occupancy requirements.

Type

Type [V. Buildings shall not exceed a height of one
story and a mezzanine floor, except that
buildings of Group I occupancy may be two
stories in height. Floor areas are limited by
occupancy requirements.

Type V. Buildings shall not exceed a height of 25 ft,
in which height there shall be not more than
two stories.

(8Y Restrictions Based on Occupancy

Group A—Type I construction required, otherwise no
restrictions.

Group B.—Heights and areas to be limited according to
table 55.

TapLE 55.—Height and area limitations for (roup B
uildings, Denver code

Maximum floor arces

Maximum
Type of oon- helght for Bullding front on— Increase
struction corresponding for com-
Breas plete
One Two | Three | sprin-

street | streets | streets | kling

{t Stories | f2 i f2 Percent
- =l Ot O o0 | a0 T izo0 [ 10g
oo { & 1 12,500 | 16,000 | 20,000 100
- [ & 3| 8000 | 850 500 100
= R 38 1| 7,50 | 9,50 | 12,50
Vo ® 1] 16,000 19,000 | 2000 100

s No restrietions.

Group C.—Type I construction required with certain
exceptions, otherwise no restrictions.

Group D.—Type I construction required, otherwise no
restrictions.

Group E.—Reights and areas to be limited according
to table 56.

TasLe B58.—Height and area limitations for Group E
buildings, Denver code

Maximum floor areas
Maximum
Type of con- height for Build{ng front on— Increase
struction oorreeponding for com-
areas plete
One Two | Three | sprin-
street | streets | streots | Kkling
. t) St(oma) f e 0 Percent
_____________ L) L) [ DR, SUPUPIITY DU
[ 5| 5000 6500 950
i & 11 9.0 | 12800 | 16,000 poow
ML 38 1 7%0| S0 |l @
IV 45 1] 9,500 12,500 | 18,000 100
s No restrictions.

Group F.—Same as Group B.

Group G.—Types 1, 11, 111, same aa Group B. Type
1V, no restrictions.

Group H.—Same as Group B except Type 1V is limited
to 45 ft height.

Group I.—No restrictions except as limited in height
by type of construction,
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Group J.~—Tho floor area of Types I and II conatruction
sball not be limited, the floor area of Types III and
IV shall be limited to 10,000 ft! and buildings of
Type V oonatruction shall not exoeed 1,000 ft.!
The latter shall not apply to amusement-park
gtructures of the open skeleton-framed type or to
stadiumas or reviewing stands for temporary use only.

6. SzaTTLR
(a6) Mazimum Building Hetghls

No building shall exceed a height of two and a half
times the width of the widest street on which the bufld-
ing abuts, except that towers for occupany may be
erected above sald helght if they are at least 25 {t from
any lot line other than a street line; if they do not
exooed an ares of 25 percent of the lot area; and if
they do not exceed 50 ft in length and breadth.

Work shope and factories other than feed and flour
mills, shall not exosed & height of 85 ft. Stores, ware-
houses, and storage garagea sball not exoeed a height
of 100 ft.

Height of Fireproof Buildings.—No fireproof building
shall exceed a height of two and a half times the width
of the widest street on which the building abuts, except
that towers for oocoupany may be erected above said
height if they are at least 25 ft from any lot line other
than a street line, if they do not exceed an area of 25
percent of the lot area, and if they do not exeead 60 ft
in length or breadth.

Fireproof workshops and factories, ineluding feed
mills and flour mills, shall not exceed 200 ft in height.
Fireproof stores, warehouses, and storage garages shall
not exceed s height of 125 f4.

Steel-Joist Conatruction.—8teel-jolst construction may
be used wherever mill, ordinary masonry, or frame con-
struction is permitted by this oode.

In addition, & building of this clase may be built to a
greater height than permitted for a mill bullding, pro-
vided that the ocoupsny ls that of an office building
fireproof through the third floor; place of habitation or
place of refuge fireproof through the second floor,

Bteel-jolst construction in which the jolats have a
web thickness of 0.2 in, or less shall not be used in the
oonstruction of any story of a building below the top
10 stories nor in any bullding which excesds 15 stories
in height.

Bteel-joist construction in which the minimum thick-
neas of web is greater than 0.2 in. may be used at
greater heights, but shall not be used in the construction
of any story of a building below the top 15, nor in any
building which exceeds 20 storles in height.

Height of Mill Busldings.—No mill-construction
building shall exceed a height of six stories or 75 ft, nor
shall it be higher than 85 ft at any point.

Heighi of Ordinary Masonry Buildings—No ordinary
magonry building shall exceed a height of four storles
or B0 ft, nor ghall it be higher than 60 ft at any point.

Height of Frame Butldings.—No frame building shall
exoeed & height of three stories or 3B ft, nor shall it be
higher than 45 ft at any point,

(b) Mazimum Buslding Areas

In any bullding, a floor ccoupied as a place of habita-
tion, refuge, or detention ahall, except as hersinafter
provided, be divided by fire walls, 80 located that the
area of the floor shall not exoeed the number of square
fest indicated below:

Mill buiddings. ..ol 19, 000
Ordinary masonry buildings. _....... 8, 000
Frame bulldings__..__._____ . .__... 6, 000

In any building, s floor occupied by one or more
stores, offices, factorles, workshops, garages, ware-
houses, stables, hangars, or for purposes producing
equivalent fire hazard, shall except as hereinafter pro-
vided, be divided by fire walls 50 located that the area
of no floor shall exeeed the number of square feet Indi-
cated in table 57, exoept that fireproof office buildings
are not limited as to Jhe area of any floor used exolusively
for offlos purposes.

TaBLR §7.— Permisesbls areas of commercial busldings,

Seattls cods
Fireproof] Mm [Oréimeryl g
Lostlon bulliings| bulkiings  Tescory
opkirih mrotaneme| PP
On lots with only one street 5 &
PN oo 18,000 | 14,000] 000 7,300

Buildings Housing Incombustible Materials.—In the
Fourth Building District, one-story faotory buildings
manufacturing exclusively products which are mainly
compowsed of incombustible materials, and one-story
warchouses used entirely for the storage of Incombus-
tible materisls, are not restricted as to the undivided
floor area of the first story If the bullding Is conatructed
of firaproof, mill, or ordinary masonry eonstruction, or
frame oonstruction having floor, roof, and wall sheath-
ing of 3- by 6-In. tongue-and-groove lumber, ete,, or
when the bullding is constructed of equally fire-resistive
material.

If located in the Fourth Bullding Distriot, two-story
fireproof, mill, ordinary masonry, or frame buildings,
providing the latter are constructed as specified in this
seotion for one-story frame buildings, may, if used ex-
clusively for the manufacturing therein of products
which are composed mainly of incombustible materials,
have undivided first- and second-floor areas one-third
greater than indicated in the above table.

In the Becond and Third Building Districts, either
one-story fireproof warehouse buildinge or one-story
warehouse buildings built entirely of incombustible
materials may be constructed and may have unlimited
undivided areas, provided such warehouses are used
for the storage and handling of nothing but incombus-
tible materials, and are not nearer than 15 ft to any
frame building, execept where separated by masonry
division walls,

Provided further, that any buliding having floor
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areas increased as permitted above shall be equipped
in cach story with one or more 2-in. standpipes, ete.

Allowable Floor Areas with Sprinklers.—A store build-
ing of fireproof construction having all floor openings
not specifically exempted enclosed with fireproof con-
struction and fire doors, is not restricted as to its un-
divided floor area, provided such building is equipped
throughout with an automatic sprinkler system con-
structed as specified.

The allowable floor area of any building having its
stairways, elevator shafts, and other floor openings en-
closed as required by this code, and having its means
of egress complying in all respects with this code, may
be increased 100 percent if the building is equipped
throughout with an automatic sprinker system.

Attic Division.—In nonfireproof buildings, all atties
or unfinished spaces between the ceilings and roofs
must be divided into compartments having areas not
to exceed 8,600 ft2.

In fireproof buildings the attic space shall not be
used where temporary wood roofs are permitted.
Such attie shall be divided into areas not to exceed
1,800 ft2. )

Incombustible Service Stations and Auto Parking Lot
Shelters—Incombustible service stations may com-
prise more than one building. All such buildings . . .
shall be included in computing the allowable ares . . .
An incombustible service station shall not be larger
than 3,000 ft* in area.

Incombustible shelters on auto parking lots shall
have no greater ares than 50 ft.2

V. PERMISSIBLE MATERIALS

1. New Yorx
Class 1. Fireproof Structures

Walls.—Masonry or reinforced concrete or masonry in
combination with fireproofed iron or steel.

Structural Members—Steel, iron, or reinforoed con-
crete.

Floors.—Reinforeed oconcrete, brick, or hollow-tile
arches, reinforced poured gypsum or precast units.

Roofs.—Same as floors except protection may be omitted
from roof trusses: (1) in one-story structures, (2)
in multistory structures if supporting roof loads only
and there is a clear beight of 20 ft below lower chord
of trusses, (3) if a continuous oceiling having a fire-
resistance rating of 3 hr is provided below lower
chord of truss and space above ceiling is sompletely
enclosed and firestopped, and contains no passage-
ways or apparatus of any kind.

Trim and Finish Floors.—May be of wood in buildings
150 ft or less in height. No height limitation if
wood is treated to make it fire resistive.

Doors, Frame, and Sash.—May be of wood in buildings
150 fi or less in height, with no height limitation if
wood is treated to make it fire resistive, except that
exterior window frames and sash to be of incombus-
tible materials throughout full height in buildings
over 150 ft in height.

Sulelividing Partitions.—'To be of incombustible ma-
terials or wood treated to render it fire resistive, ex-
cept that in spaces without combustible occupancies,
such as require a permit from the fire commissioner,
partitions may be of a single thickness of wood, or
wood and glass may be used in structures 150 ft or
less in height to subdivide rooms or spaces 5,000 ft?
or less in area, if separated from adjoining rooms or
spaces, corridors, elevators, and stair enclosures by
fireproof partitions or walls made of incombustible
materials.

Roof Coverings.—Required to pass specified tests,
Class I1.—Fire-protected Structures

Walls.—Masonry or reinforced concrete or masonry in
combination with fireproofed steel or iron.

Structural Members.—Steel, ironm, or reinforced con-
crete.

Floors.—Reinforced concrete slabs, brick, or hollow-tile
arches, reinforced poured gypsum or precast units.

Roofs.—Same as for Clags I, Fireproof Structures.

Trim and Finish Floors.-—Interior doors and sash with
their frames, trim and casings and finish floors may
be of wood.

Roof Coverings.—Required to pass specified test.

Class 1I1. Nonfireproof Structures

Exterijor and Fire Walls—Masasonry or reinforced
concrete,

Structural Framework.—Wood or unprotected steel or
iron.

Ploors.—May be of wood except in residence structures
more than three stories and basement in height and in
other structures four storiee or more in height, the
floor above cellar or basement and columns below
such floors are to be of masonry, reinforced concrete
or fireproofed steel or iron.

Roofs.— Wood sheathing.

Tyim, Doors and Finish Floors.—May be of woed.

Stair Enclosures and Shafts.—Incombustible materials.

Roaf Coverings.—-Required to pass specified test.

Class IV. Wood Frame Structures

Footings, foundationa and columns or other supports of
first-floor framing to be of incombustible materials.

Exterior and interior construction and finish may be of
wood.

Roof Coverings.- - Required to pass specified test.

Class V. Metal Structures

Fuxterior Walls.—Metal, fat or corrugated, cement-
asbestos composition sheets, or of incombustible ma-
terial other than masonry.

Structural Framework.— Metal.

Roofs.— Same as for exterior walla.

Roof Coverings.—Required to pass specified test.
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Clase VI. Heavy Timber Struotures

Exterior Walls.—Masonry or reinforced oonorete.

St-usgural Framework.—Wood. Beam and girders not
less than 6- by 10-in, Posts or columns not less than
8 in. If steel ia used, it must be protected as for
Class I1 construction.

Floors.—-8plined or T & G plank 8 in. thiok covered
with 1-in. flooring laid orosswise or diagonally or
planks set on edge, floor 4 in. thick.

Floor immediately over basement or cellar and all
oonstruction below it, including columns, same as for
Class I1 construction.

Roof.—Planks 2} in. thick and beams supporting roof
not less than 6 in. in amallest dimension.

Shafts and Stasrways.——Enclosed in materials or sssem-
hlies having a fire-resistanoce rating of at least 3 hr,

Roof Consrings.—As required by soning.

2. Bosron

Type 1. Fireproof Construotion
Shall be of incombustible materials in all structural

parts.

Woalls.—(4 hr) Reinforsed concrete, masonry, or steel
frame. May be finished except on the outside of
exterior walls and within enclosures of vertical
openings with wooden or other combustible wains-
coting, insulating, or acoustioal material,

Columna and Framing.—(4 hr) Structural steel or rein-
forced concrete.’

Floors.—(8 hr) Steel, reinforced oonocrete, brick or
structural clsy tile arches, reinforced gypsum, or
combinations of these materials or other approved
gystems.

Roofs.—(8 hr) Steel, reinforoed concrete, brick or struo-
tural clay tile arches, reinforced gypsum, or oombina-
tions of these materials or other approved systems.

Partitions.—Reinforoed ooncrete, masonry, steel frame,
except that within one tenancy nonbearing partitions
may be of wood.

Flooring, Trim, ond Decorative Wall, and Ceiling
Finish.——May be wood or other gpombustible but not
highly inflammable material.

Doors, Frames and Sash.—May be of wood exoept where
fire doors or fire windows are required.

Roof Coverings.—Fire retardant (Class A or B) or
Ordinary (Clasa C).

Type II. Semifireproof Construotion
Shall be: of inoombustible materials in all structural

perts.

Walla.—~—(4 hr) Reinforoed concrets, masonry, or steel
frame. May be finished, exospt on the cutslde of
exterior walls and within enclosures of vertioal open-
ings with wooden or other combustible wairsooting,
insulating or acoustical materisl.

Columns end Framing.—(2 hr) Structural stee! or rein-
forced concrete.

Floors—(1 hr) Tncombustible materials.

Roofs.—(1 hr) Incombustible materials.

Partitions.—Reinforoed concrete, masonry, steel frame,
except that within one tenaney nonbearing partitions
may be of wood.

Flooring, Trim, and Decorative Wall and Ceiling Fin-
tsh.—May be wood or other combustible but not
highly inflammable material.

Doors, Framss and Sash.—May be of wood exoept
where fire doors or fire windows are required.

Roof Covering.—Fire-retardant (Class A or B) or Ordi-
pnary (Class C).

Type Iil. Huﬁ Timber and Masonry Construction

Exterior Walle.—(4 hr) Masonry or other incombusti-
ble materials. Interlor face may be finished with
wood or other combustible wainsooting or acoustical
material with no conosaled spaoces between finish
and wall,

Structural Frame.—Heavy timber or protected stesl (i
hr), or ateel pipe columns filled with oonorets.

Floors.—~Heavy timber without ooncesaled apases, or
proteoted steel (1 hr).

Roafs.—Heavy timber without concealed spaoces.

Paristions,—8olld wood, or hollow wood filled with
incombuatible material.

Doors, Frames and S8ash.—May be of wood except where
fire doors or fire windows are required. Fire doors
shall have inoombustible thresholds.

Roof Coverings.—Fire-retardant (Class A or B).

Type IV. Light Wood and Masonry Construction

Bxterior Bearing Walle.—(4 hr) Masonry or other in-
combuatible materials.

Other Walls.—Wood axoept party or fire walls,

Structural Frame.—Woqd or structural steel.

‘Floors.—Wood.

Roaofs.—Wood.

Partitions.—Wood.

Flooring.— Wood, tile, concrete.

Doors, Frames and Sash.— May be of wood except
where fire doors or fire windows are required. Fire
doors shall have incombustible thresholds.

Roof Coverings.— Fire-retardant (Class A or B).

Type V. Metal Frame Construction

Walls.— Unprotected metal or other Incombustible
materials.

Structural Frame— Unprotected metal or other incom-
bustible materials.

Floors.— Unprotected metal or other incombustible
materials,

Roofe.—Unproteoted metal or other incombustible

Doors, Pramee and Sesh.—May be of wood, exocept
where fire doors or fire windows are required.

Roof Covering.— Fire-retardant (Class A or B) or Ordgi-
nary (Class C).

Type VI. Wooden Frame Construction

Walls.— Wood.
Structural Frame.— Wood, structural steel, cast iron, or
reinforced concrete.
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Floors.— Wood.

Roofs.— Wood.

Partitions.—Wood.

Flooring.—Wood, tile, concrete.

Roof Coverings.—Fire-retardant (Class A or B).

3. MINNEAPOLIS

Type I. Fireproof

Bearing Walls.—Masonry.

Nonbearing Parlitions.—Brick, concrete, concrete block,
structural clay tile, plaster on gypsum or metal lath
on metal studs.

Vertical Members.—Masonry, concrete, reinforced con-
crete, or fireproofed ferric materials.

Horizontal Members.— Reinforced concrete beams or
lintels, fireproofed steel beams and girders.

Floors.—Any fire-resistant material properly fire-
proofed, 2-hr rating required. Wood sleepers may
be embedded when protected underneath by mini-
mum of 2-in. concrete or gypsum. Floor finish may
be of wood not exceeding 1% in. thick.

Roofs.—Any material permitted for floors. Formed
steel roofs protected with ceiling not less than ¥ in.
permitted in buildings not exceeding three stories in
height, but in one-story buildings regardless of height.
Roof coverings, incombustible material.

Wood Permitted—Mezzanine floors to be 1% in. thick.
Window frames and aprons, 1st floor. Partitions
around cashier’s cages, wash stands, lockers, closets.
Partitions separating offices within space occupied by
same - tenant, may be wood penel construction.
(Wood stud and lath prohibited.) Nailing blocks
brick sise permitted. Wood trim permitted. Wood
doors permitted except to stairs, elevators or other
shaft enclosures, fire divigion walls, closets for gas
meters, electric closets communicating with open
shaft to other parts of building.

Type II. Blow Burning

Bearing Walls.—Masonry.

Partition Walls.—Fireproof or wood stud, with ex-
panded metal lath and plaster on both sides or any
other partition which will withstand a 1-hr fire test.
Wood furring and lath prohibited.

Enclosures.-—Area over 9 ft*, masonry bearing walls, or
partition walls of brick, tile, concrete or gypsum 6 in.
thick, Under 9 {2, metal lath and plaster on metal
studs, supported on steel frame. Enclosures shall be
continuous and no wood floor members shall project
into or through enclosure partitions.

Vertical Members.—Fireproof or wood posts not less
than 56 in.? in cross-sectional area.

Horizontal Members.— Concrete, steel, or wood not less
than 52 in.? in section areas. Wood joists less than
70 in? in cross-sectional area solid. Over 70 in? in
cross-sectional ares may be built up.

Floors.—Type I, or wood subfloor minimum 1% in.
thick covered with waterproof paper and not less

than Jin. floor covering. 1f subfloor is less than 3} in.
thick, it shall be matched. Under side of floor joists
shall not be sealed except when sealed with metal lath
and plaster. Floors permitted with joists not less
than 2 in. thick and having floor as required and pro-
tected with a ceiling of metal lath and plaster of %-in.
minimum thickness.

Roofs.—Similar to floors except I%-in. matched roof,
covered with incombustible roofing. One- and two-
story buildings ounly inay have %-in. roof hoards.
Where attic space is used, ¥%-in. fireproof protection
required. Solid or built up wood roof trusses per-
mitted if compression members exceed 52 in.2 with
tension members similar or protected with 3-in. metal
lath and plaster.

Stairs.—Fireproof or 1%-in. wood flooring, stringers
and joists protected on soffits with ¥-in. protection.
No wooden stairs or landings shall be in contact with
wood floors.

Windows.—May have wood frames except where re-
quired to be fire windows.

Bays, Oriels, Porches, DBalconies Incombusiible —Cor-
nices, eaves and gutters not extending over lot line
on buildings not over three stories or 40 ft may be
wood protected with metal. All others incombust-
ible.

Roof Structures.—Towers, dormers, spires and cupolas
not over 200 ft? and not nearer than 20 {t to lot Jine
may be wood covered with incombustible material,
if not over 30 ft in height from supporting masonry or
roof and not over 100 ft from grade. All other struc-
tures, incombustible but steel members not fire-
proofed. Such structures not of incombustible
construction sealed at bottom by fire doors or
metal-covered doors.

Studies and Dormers.—When less than 200 ft* and not
over one story or 16 ft measured from roof on build-
ings not over three stories or 40 ft may have wood
walls metal covered, (No. 26 U, S. gage) and roof as
on remainder of structure.

Type I11.—Skeleton and All Steel

Walls and Partitions.— Enclosing walls of masonry, or
under specificd conditions of metal lath and 2-in.
plaster, and interior bearing walls of masonry. In-
terior nonbearing walls, any material permitted in
Type II.

Enclosures.—No enclosure required around stairs and
shafts exeept that where there is a basement the stair-
well and other openings through first floor shall be
enclosed with 8-in. masonry and provided with a self-
closing fire door of Type B.

Vertical Bearing Members.—Masonry or cast iron and
steel unprotected.

Horizontal Members.—Reinforced concrete, unprotected
steel, and wood of sizes permitted in Type I1.

Floors.—Where basemcnt is provided, first floor over
and walls around and stairs leading to heating-plant
room, fireproof construction.

Roof —Concrete, or steel trusses, or beams with wood
purling with 1%-in. thick sheathing for buildings up
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to 45 ft in height. Conorete, unproteoted ateel, with
reinforoed concrete or gypsum roofs for buildings up
to 75 ft in height.

Roofing.—Inocombustible,

Windows,—Wood {rames exoept whers required to be
fire windows.

Trim.— Wood.

Type IV. Ordinary Construotion

Enclosing Walls.—Masonry.

Partitions.—Wood studs with wood Iath or ¥-in.

- gypsum lath plastered or ¥-in. gypsum wallboard
permitted exoept for fire or division walls, stair,
elevator, or shaft enclosures, whioh shall be brick,
structural clay tile, gypsum, or oonorete blooks,

Vertical and Horisonial AMembers.—Below first-fioor
line: metal, masonry or wood, All other vertioal
and horisontal members, any material not more
ocombustible than wood.

Floors and Roaofs.—Any material not more combustible
than wood,

Roaf Covering.—Incombustible material,

Bays and Oriels.—Wood covered with No. 26 U, 8,
gage metal or other material of equal fire rating.
Up to two stories.

Porches ond Balconies.—When 3 {t from property line
and not above third story, wood porches. Above
third story, incombustible.

Type V. Bulldings of Wood Construetion

Foundatlions,—Masonry.

Structural Members.—Below first floor, girders shall be
masonry or metal, Wooden columns may be used
in buildings with basements if foundations or footings
under post: extend 2 in. above bassment floor.
Wood and other snmbustible materials may be used
throughont, if fire-stopped at each floor, and the
other matarials meet same fire rating as pina.

4. ATLANTA

1. Frame Construotion

May be of wood throughout, except as follows:

Residence Row Houses.—Dividing walla of incombustible
materials, or wood studs with spaces Slled solidly
with incombustible materials and having metal
lath and plaster or plasterboard, and, where there
are more than 8 houses, alternate division wall of
masonry to above roof.

Stairways and Shaft Enclosures.—Wood covered with
plaster on metal Iath or fiber plasterboard, or with
plasterboard covered with metal.

Roof Coverings.—Btandard ssphalt rag-felt prepared
roofings and shingles or equivalent approved and
Iabeled by Underwriters’ Laboratories.

I1. Non-Fire-Resistive Construction

Exterior and Party Walls:
Ordinary and mill—Inoombustible, exoept as
follows: Wood lintels for openings less than 4

ft, wood nalling bloocks, and wood furring
fire-stopped with masonry.
Ploor and Roof Framing Membere:

Ordinary and mill.—Wood or steel; 6-in. minimum
wood or steel protected as for Type III in Mil}
Construction.

Columns or Interior Supporting Walls or Paristions:

Ordinery and mill.—Masonry, protected steel, or
8in. minimum wood, exoept in dwellings and
other ordinary oconstrnction not more than one
story in height, wood-stud partitions may be
used; steol protected as for Type III in Mill
construction.

Walle and Ceslinga:

Ordinary.-—No Hmitations exoept that wood wain-
soot must have plaster behind it.

Mill—Wood esmosed or proteoted steel with no
oonosaled spaves.

Partilions:

Ordinary.—No limitations.

MiRl.~Inoombustible, unless less than four storles,
or if sprinklered may be 2-in, solid wood.

Floor and Roof Sheathing:

Ordinary.—No limitations.

Mill.—Floors, 8 in. wood, aplined or T & G and
covered with 1-in, flooring diagonal or crossways.
Roofs, 34 in. wood, splined or T & G.

Stasrways or Shaft Bnolovures:

Ordinary.~—Exoept for dwellings same as for Type
II1, exeept H not over two storles, walls may be
masonry partitions; woodwork other than guides
and slevator cars, exposed on inside of shaft, to
be covered with metal lath and plaster.

Mll.-—~Masonry walls except in buildings not over
three storles sprinklered or two stories not
sprinklered, wood or metal studs with spaces
filled with incombustible material and plastered
on metsl Iath; openings to have approved fire
doors.

Roof Coverings.—For dwellings and buildings not over
two stories or 80 ft high, and 3,500 ft* area, not used
for factories, warshouses, or meroantile purposes, may
be standard asphalt rag-felt prepared roofing and
shingles,

All other bulldings shall have roof covering of
standard quality, such as brick or concrete surface,
olay or osment tils, tin or alate, asbestos shingles
Y-in. minimum thickness, four-ply built-up piteh and
felt with gravel or slag surface, four-ply assbestos-
asphalt built up smooth or grit surface, or equivalent
approved and labeled by Underwriters Laboratories.

I11. Fire-Resistive Construction

Exterior and Party Walls.—Masonry or incombustible.

Floor and Roof Framing.—Masonry or protected struc-
tural steel.

Partitions.—Incombustible, masonry or protected steel.

Wall and Ceiling Surfaces.~—Incombustible except wood
wainsocot not more than 8 ft high.

Floor Surfaces.—Wood or other.
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Floor sleepers, grounds, bucks, nailing blocks entirely
embedded in incombustible materials, may be wood.

Interior windows, doors, with frames, trim and casings,
and interior finish.—When backed up solidly with
fire-resistive materials, except as otherwise limited,
may be of wood.

Stairway and shaft Enclosures—Masonry walls or parti-
tions with floor surfaces and trim of approved in-
combustible material.

Roof Coverings.—Same as for Type I1.

5. DENVER

Tyvpe I. Fire-Resistive Construction

Foundations.—Solid masonry or reinforced concrete.

Ezxterior, Fire, and Court Walls.—Masonry or reinforced
concrete.

Structural Framework.— Steel, iron, or reinforced con-
crete.

Floors.—Reinforced concrete, brick or
arches or reinforced gypsum.

Roofs.—Bame as floor except that roof members in
buildings not over 65 ft high, having 2-hr fire-resistive
ceiling beneath, may be of wood.

Partitions.—Incombustible materials except that within
one tenancy they may be wood or wood and glass.

Trim and Finish Floors—May be of wood.

Doors, Frames, and Sash.—May be of wood, except for
openings required to be protected.

Insulgtion—If in board form and backed with walls
and ceilings of 1-hr fre-resistive construction, may
be eombustible, except in attio and ¢oncealed spaces.

Roof Coverings.—Fire retardant.

hollow-tile

Type II. Heavy Timber Conatruction

Foundations.— Solid masonry or reinforced concrete.

Exzterior, Fire, and Court Walls.—Masonry or reinforced
concrete,

Shaft Enclosures—Masonry or reinforced concrete ex-
cept they may be of wood in buildings not over three
stories and completely sprinklered.

Structural Framework.—Reinforced concrete, steel, or
solid wood.

Floors—8ame a8 Type I or solid wood.

Roofs.—Same as floors.

Partitions.—One-hour fire-resistive or solid wood.

Trim, Finish Floors.—May be of wood.

Doors, Frames, and Sash.—May be of wood except in
openings required to be protected.

Insulation.—1If in board form and backed with walls and
ceilings of 1-hr fire-resistive construction or applied
without air space to under side of floors and roof
sheathing may be combustible except in attic and
concealed spaoes.

Roof Coverings.—Fire retardant,

Type III. Ordinary Masonry Construction

Foundations.—80olid masonry or reinforced concrete.
Exterior, Fire, and Court Walls.—Masonry or reinforced
concrete except that gables of Group I {dwellings)

and Group J (garages, cte.) may he of wood or un-
protected metal frame above the plate line.

Structural Framework ——-Steel, iron, reinforced concrete,
muasonry, or wood.

Floors.-- -Reinforeed conorete, masonry, steel, iron, or
wood.

Roofs.— Same as floors.

Partitions and Shaft Enclosure.-- May be of wood.

Trim, FPinish Floors~-May he of wood.

Doors, Framez, and Sash.-~May be of wood except in
openings required to be proteeted.

Insulation.~——Combustible insulating materials must be
treated to render them slow-burning if placed in
concealed apaces.

Roof Coverings.—Fire retardant except in fire zones 3
and 4 where wood shingles and the lighter combustible
roofings can be used.

Type IV. Mectal Frame Construetion

Foundations.—Masonry or reinforced concrete.

Exterior Walls.—Metal or other incombustible materials.

Partitions.—Metal or other incombustible materials.

Structural Framework.—Steel, iron, masonry or rein-
forced concrete.

Floors.—Incombustible materials or wood planks or
blocks laid directly on the earth. In Group 1
(dwellings) and Group J (garages, etc.), floors may
be of wood on metal joists.

Roofs.—Metal or other incombustible materials except
that 4-in. or larger wood purlins may be used. For
Types 1 and J oscupancies wood sheathing may he
used on metal rafters.

Doors, Frames, and Sash.—May be of wood exeept in
openings required to be protected. No opening
protection required for Groups I and J occupancies.

Insulation and Linings.—Incombuastible except that
combustible insulating materials in board form: may
be used in buildings of Groups I and J occupancies.

Roof Coverings.—To be metal or “Fire Retardant”
except that for Groups I and J occupancies ““Ordi-
nary’’ roof coverings including wood shingles may be
used in fire zones 3 and 4.

Type V. Wood Frame Construction

Foundations.— Masonry, reinforced concrete, or post
and girder. Footings, masonry or concrete.

Exterior and I'nterior Construction and Finish——May be
of wood. -

Insulation.—If in Ioose form and placed in joist or stud
spaces, oombustible insulation must be treated to
render it slow-burning.

Roof Coverings.—All accepted coverings, except “‘Fire
Retardant” coverings are required in fire gones 1
and 2.

6. SeaTTLE

Fireproof Buildings and Steel Joist Buildings

Except as otherwise provided, these buildings must
be constructed entirely of fireproof or incombustible
material.
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Walls.—Masonry or masonry iu ocombination with
firoproofed iron or steel.

Structural Framswork.—Masonry, reinforosd oonorets,
or fireproofed steel, for columns, beams, and girders,
Whers parmitted, steel jolsts having webs more than
0.2 in. thick may be used in bulldings not over 30
stories high for the top 13 stories; ateel joists having
webs 0.2 in. thiok or less may be used in bulldings
not over 15 storles high for the top 10 stories; pro-
tected by 1 in. of plaster on metal m;-m:; in either
case.

Floors.—Concrete or masonry arches.

Roofs.—-Same as floors except buildings designed for
additional stories may have temporary flat roofs of
wood supported on top slab.

Trim.— Wood, when backed without intervening space
by incombustible material, except for wainscot in
public halls,

Finish Floors—-Wood except in publie corridors and
enclosures.

Doors, Frames, and Sash.—Wood except where fire-
proof openings are specifically required.

Roof Coverings.—Coverings corresponding to classes 1
and 2 of this report.

Mill Bulldings

Boterior and Court Walls, Piers, and Columns.—Mazonry
or masonry in combination with fireprocfed iron or
steel,

Inderior Columne.—Wood, not amaller than 10 in.; tron
or steel, fireproofed, if carrying masonry walls or
fioors.

Interior Beams, Girders, Joists, and Siair Stringers.—
Structural steel, wood, or fireproof construction.
Minimum dimensgions of wood, 8 in. for girders and
beams, 8 in. for jolsts, 4 in. for stalr stringers. Steel
beams in cellars and basements fireproofed or pro-
tected with 1-in, plaster on metal lath.

Floore.—8olld wood lower layer and board upper layer.
Any spaoce between layers muat be fllled with incom-
bustile material or firestopped into areas not exoesd-
ing 32 fi2.

Roofs.—Same as under layer of floor. May bse 2-in.
tongue-and-groove plank on 4-in, minimum timbers
if protected by a suspended plaster oeiling.

Ceilings.— Maetal lath and plaster on steel supports if
ceiling space is firestopped into areas not exoeeding
1,800 ft*. Same on wood supports if space is fire-
stopped into areas not exceeding 32 ft.

Partitions.—Fireproof; incombustile; or (a) double
plank; (b) single plank plastered both sides; (c) lami-
nated of 2- by 4-in. wood and covered both sides with
plaster, 1-in. wood sheathing, plasterboard, ¥%-in.
asbestos, or galvanized metal with jointa locked or
lapped 14 in., (d) 2% in. plaster on flat wood studs
and lath.

Statrway Enclosures.—In warehouses, factories, and
workshope over three stories high, fireproof; three
stories or less, two thicknesses of vertically placed
matched 13-in. lumber with 30-1b asbestos paper

between and joints broken. If stairway leads to
place of assembly, habltation, refuge, or detenticn
through first story used for a different purpose, over
three stories high, fireproof up to top of seocond-floor
Jevel; three atories or less, two thicknesses of ver-
tioally placed 1%-In. lumber with 80-l1b asbeatos
paper between and joints broken or a mill bullding
partition. In buildings containing places of assem-
bly or where basements are used for storage or sale
of combustible goods or contain a boiler in operation
or equivalent hazard, fireproof up to top of ground
floor. In buildings over three stories, required en-
closure includes halla connecting successive runs of
stairs. '

Elevator Shaft Enclosures—In all basements, within
20 ft of stairway, or in buildings used as places of
habitation, refuge, or detention; fireproof. Passen-
ger elevator shafts clsewhere, fireproof. If not more
than four stories and basement high, solid stud or
approved laminated plank construction 3% in. thick,
in either case lined with tin as for fire doors or plas-
tered both sides. Freight elevator shafts elsewherc
8-ft high solid or open wood or metal wainscot at all
fioors; in stores, factories, and workshops housing
more than 25 employees per freight elevator per floor
or more than 100 employees per freight elevator, fire-
proof or approved laminated plank as for passenger
elevators.

Other Shaft Bwelosurss,~—Mill building partitions the
solid wood portion of whioch shall be not less than

4 in. thick, proteoted on the inside by lath and plaster,
two thiocknessss of plasterboard or plasterboard oov-
ered by sheet metal elther lock jointed or lapped at
least 1 in.

Roof Coverings.—Coverings corresponding to classes 1
and 2 of this report.

Ordinary Masonry Bufldings

Euterior and Court Walls and Pters.—Masonry or ma-
sonry in combination with iron or steel, fireproofed
exocept in first atory of one-story buildings.

Interior Pramework.—May be wood.

Flooys.—At least two thicknesses of wood.

Roof Sheathing.—Tight single thickness of wood.

Partitions and Ceslings.—Plastered if of wood. Maetal
lath or plasterboard required on all ceilings of base-
ments and cellars except apartments and sleeping
rooms, and on the sides and ceilings of public cor-
ridors, stair halls, and soffits of public stairs.

Stairway Enclosures.—Same as for mill buildings.

Elevator Shaft Enclosures.——Same as for mill buildings.

Other Shaft Enclosures.—In buildings over three stories
high, same as for mill builldings. In buildings of
three stories or less, mill building partitions or single
2- by 6-in. lumber, tongue-and-groove, protected on
the inside by lath and plaster, two thicknesses of
plasterboard, or plasterboard covered with sheet
metal either lock-jointed or lapped at least 1% in.

Roof Coverings.—QCoverings corresponding to classes 1
and 2 of this report.
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Frame Buildings V1. REQUIRED DEGREE OF FREE RESIST-

May be of wood throughout except as noted. ANCE OF STRUCTURAL MEMBERS—Con.

Plaster.—Required on all frame walls, partitions, and 1. New Yorg--Continued
ceilings in places of assembly, detention, or habita- .
tion other than & detached one-family residence. Class 6. Heavy Timber Construction
Not required in basement of two-family apartment Fire-resistance
cxcept on ceilings of furnace and habitable rooms. ratings
Detached one-family residences over one story high, by

must. have plaster or plasterboard in habitable rooms,
bath rooms, halls, and corridors.

Shafi Enclosures.—Same as for ordinary masonry
buildings.

VL. REQUIRED DEGREE OF FIRE RESIST-
ANCE OF STRUCTURAL MEMBERS

1. New Yorx

Class 1. Fireproof Structures
Fire-resistance
ralings
Ar
Exterior walls, fire walls, party walls, piers,

columns, and interior structural members

whichearry walls_ ______________________ 4
Other girders, fire partitions, floors including

beams and girders, beams, roofs, and floor

fillings, required stairway enclosures._._.___ 3
Required stairway enclosures in schools. ... 2
Permanent interior partitions______.________ 1

Class 2. Fire-Prt_)tected Structures
Exterior walls, shafts; required stairway en--
*closures in structures more than 50 ft in

height __ - 3
Required stairway enclosures in structures 50

ft orlessin height . .. __ ... ______ 2
Protection of structural members in exterior

walls, those which support walls, shafts,

and interior columns in public and com-

mercial buildings_ . _ . ___ . ____ __________ 3
Protection of interior columns in residence

structures_ .. 2
Floor above cellar or basement . . . __.______ 3
Other floorsandroof . ___________________ 14
Other walls and partititions. _______________ 1

Class 3. Nonfireproof Structures
Exterior walls________._________ . ________._ 3
Floor above cellar or basement and columns
below such floors (except in residence build-
ings three stories and basement or less in
height and other structuree not over four

stories or 40 ft in height) . _ ... _ 3
Shafts and required stairway enclosures ex-

cept as below. e 2
Shafts and required stairway enclosures in

residence buildings, three stories and base-

ment or less in height and in other structures

not over four stories or 40 ft in height. .- ._ 1

Iixterior walls. ___________ . __________
Shafts and required stairway enclosures. . .

2. Bosrton

Type 1. Fireproof

Exterior bearing walls and frames
Floors and roofs

Type II. Semifireproof

Exterior bearing walls
Columns and frames
Floors and roofs

Type 11I. Heavy Timber and Masonry
Exterior bearing walls.___ . ___ ..

Type IV. Light Wood and Masonry

Exterior bearing walls. _

3. MINNEAPOLIB

Requirements are not expressed in degree of
fire resistance.

4. ATLANTA

Requirements are not expressed in degree of
fire resistance.

5. DENVER
Type 1. Fire-Resistive Construction

Exterior bearing walls, firewalls, and fire-
division walls. ________________________..
Other exterior walls and inner court walls. ..
Partitions (except that partitions within 1
tenancy can be ¥%-in. wood or wood and
BIBRS) L oo
Enclosure of vertieal openings. .- _______.
Structural members (buildings more than 8
stories, 85 ft).______._
(buildings 8 stories, 8b
ftorless). ... .. ____.
Floors (buildings more than 8 stories, 85 ft). .
(buildings 8 stories, 85 ft or leas) _____.
Roofs, same as floors except (a} that the
framing may be unprotected if there is a 3-hr
ceiling separating it from the top story, and
(b) that the roof construction may be of
non-fire-resistive construction if the building
is not over 65 ft in height and therc is a 2-hr
self-supporting ceiling separating it from the
top story.
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Vi, REQUIRED DEGREE OF FIRE REBIST-
ANCE OF STRUCTURAL MEMBERS—Con.

5. DENVER

Type 1I. Heavy Timber Construotion
Fire-reatslance
ralings
r
Exterior and inner court walls and fire walls. 4
Partitions.___ . __ . ... 1
Partitions may be of 2 layers of l-in,
matched boards,
Enclosure of vertical openings. ............. 2
For, completely sprinklered bulldings
not over 8 storles in height the en-
closures may bhe of wood.
Structural membors—
Columns, steel or reinforced concrete.._. 3
Columns, 8 in. wood minimum are per-

mitted.
Beams and girders, steel or reinforeed
econcrete. . __ o _..._.__._. 2
Beams, 8 in. wood minimum are per-
mitted.
Floors, steel or conorete_ _____________. __. . 2

4 in, solid wood floors are permitted.
Roofs, 2¥ in. solid roof sheathing is per-
mitted.

Type 111. Ordinary Masonry Construction

Exterior and inner oourt walls and fire walls. 4
Partitions (bearing) except Groups T and J

OCCUPANCY - - - e e 1
Enclosure of vertiecal openings___________._._ 1
Type IV. Metal Frame Construction
No requirements except fire walls_________ .. 4
Type V. Wood Frame Construction
No requiremeonts exoept fire w:lls_--_--;---- 4
6. SxarTTLE

Requirements are not expressed in degree
of fire resistance.

VII. PERMISSIBLE OCCUPANCIES
1. Nzgw Yorx

Class 1. Fireproof Structures—All occupancies.

Class 2. Fire-Prolected Structures.—All except certain
public occupancies,

Class 3. Nonfireproof Structures——All exeept special
occupancies,

Class 4. Wood Frame Structures—Residence, public,
and certain business ocoupancies.

Class 5. Metal Structures.—Commereial occupancies.

Class 8. Heaoy Timber Structures.—All except certain
public occupancies.

2, BosToN

Type 1. Fireproof—All ocoupancies,

Type 11. Semifireproof.—All ocoupanciesexcept theaters
and detention buildings.

Type III. Heavy Timber and Masonry.—All oocou-
pancies sxcept theaters and detention buildings, and
in first and second sones, sohools.

Type IV. Light Wood and Masonry.—All ocoupancies
except theaters, schools in the firat and second
zones, detention buildings, and public garages and
dry-cleaning establishments more than two stories
or 600 ft*,

Type V. Metal Frames.— All ocoupancies exocept theaters,
schools in the first and second mones, detention
buildings, and large dwellings.

Type VI. Wooden Frame-~—All ocoupancies except
theaters, schoolr in the first and seoond sones, de-
tention buildings, public garages, dry-cleaning
eatablishments, and oertain garages for aix ocsrs
or less,

8. MINNEAPOLIS

Type I. Fireproof.— All ocoupancies,

Type 11. Slow Burning.—All occupancies except theaters
seating more than 600, Class B--2 and E-3.

Type I11. Skeleton and All-Steel—Class A, B-1, B-3,
and C, permitted; other oocoupancies prohibited,

Typs 1V. Ordinary.—All coccupancies exoept Clsas B 2,
E-3 and theaters. ,

Type V. Frame—Class A, B-1, B-3, C, E-],and F
oocupancies permitted.

4, ATLANTA

Frame Construction—Class B, C, D, and E occupancies
permitted.
Non-Fire-Resistive Construction:

Ordinary Construction.—Certain schools of Class A
occupancy, and Class B, C, D, and E occupancies
permitted,

Mill Construction.—Certain Bchools of Class A
occupanoy, Class B, C, D, and E, and Class F exoept
garagea, oil houses, oil refineries, rendering plants,
smoka houses, varnish works, etes., permitted.

Fire-Resistive Conatruction.—All cooupancies permitted.

5. DENVER

Type I. Fire-Ressstive Construction.—All ocoupancies.

Type I11. Heavy Timber Consiruciion.—All occupancies
exoept Groups A, C, and D permitted. However,
one-story schools with not over four classrooms and
private schools having not more than 25 students
are permitted under this construction.

Type 111. Ordinary Maszonry Construction.—All ocen-
pancies except Groups A, C, and D) permitted. Same
exceptions as for Type II.

Type IV. Metal Prame Construction—All occupancies
except Groups A, C, and D permitted. Same
exceptions as for Type II.

Type V. Wood Frame Construction.—Groups I and J
occupancies permitted.
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6. SEATTLE

Fireproof Construction.-—All occupancies.

Nteel Juist Conatruclion — All occupancien,

Ml Construetion.— (hurches, capacity up to 1,750;
axnembly halls, capacity up to 1,.500; assembly halls
used exclusively for dancing, »eating capacity up to
3.000; theatem outride Fimt and Second Building
Dintricts, capacity less than 750: theaters outside
First Building District, one story, capacity not over
1,000; rchoolr, three storiea and hascment, eapacity
1,000; places of refuge and detention, three stories,

Ordinary Masonry.— Churcher, capacity 750; theaters
outside Firnt and Second Building Districts, capacity
less than 750; schools, capacity 300 or lems, not over
two storics; garages, not more than 550 ft 3.

Frame Comstruction.— C‘hurches, capacity 750: schools
not over two stories amd bascment, capacity 300;
garages, 550 fi?.

VIII. DISCUSSION OF CURRENT BUILDING
CODE RESTRICTIONS IN THEIR RELATION
TO TYPES OF CONSTRUCTION '

1. CrassiFicaTioN or BuiLniNgs sy Tyrx or Con-
BTRUCTION

A review of the classifications in the aix codes cited
above indicates that the types defined could be placed
in four groups, as recommended in the present report,
as far as the application of restrictions rciated to fire
safety is concerned. Thus, if the Fircproof type is
taken to comprise a range in fire resistance of structural
members, it can include also the Fire-protected type
(New York), and Semifircproof type (Boston). The
Incombustible type defined in this report would include
Metal, Metal Frame, and All-Steel structures as
defined in the different codes, although the present
report contemplates a wider application of this type in
point of permissible number of stories and occupancies,
and degrees of fire resistance are specified considerably
above those of unprotected metal members.

As has been previously indicated, light wood interior
construction, by the application of firestopping and
suitable finishes, can be made fully as fire resistive as
heavy timber construction. Hence, buildings having
exterior masonry walls and light or heavy interior wood
or other non-fire-resistive framing (Classes 3 and 6,
New York; Types III and IV, Boston and Denver;
Types 2 and 4, Minneapolis; Types IIa and IIb,
Atlanta; and Mill and Ordinary Masonry, Seattle)
can be placed in one group defined herein as Exterior-
Protccted. This leaver structures defined as Frame
or Wood Frame comprising those classified in this
report under Wood Construction.

2. OccoraNcY CLABSIFICATIONS

In the Seattle code there are no occupany classifica-
tiona and in the other codes there are from three to ten
with two or three subdivisions within some of them.
It appears that if an occupaney classification is to serve
its purpose, each class should not cover too wide a

range in conditions otherwise general requirements
applied from the occupancy standpoint may not be
equitable for the whole range. There can be little
objection to the more detailed classifications fron: the
standpoint of clarity and enforcement, since the name
of the occupatcy serves in large part ax a definition and
other defining conditions can be readily applicd

In the present report, data are given by miecans of
which the firc hazard as it concerns fire effects on strue-
tural members can be defined in termas of the com-
bustible content of buildings, and this is indicated as
having a general relation to the kind of occupancy
involved. However, the hazard to occupants is not
thus as well defined since this depends in part on the
Aammability as well as the amount of combustibles
and on the number, distribution, age, and physical
condition of the occupants. Hence, it is believed that
restrictions can be best applied in relation to occupaney
when the latter is defined in a8 much detail as in deemed
practical for building code purposes.

3. Fire ZoNiNa

While up to four fire zones, including the unrestricted
arca, are established by these codes, in no case do the
restrictions on construction for the fimt fire zone go as
far as justified for the congested high-value districts in
our large cities, where Fireproof construction might bhe
required except for small buildings of typea hercin
defined as Incombustible or Exterior-Protected. For
other than the larger cities, such rigid restrictions may
not be justified, any distinction hetween requirementa
for the first and second fire sone, as exemplified in these
codes, being in the extent to which unprotected metal
and wood construction are permitted. FExcept as may
be deemed necessary on account of variations in the
geographic or other features of the arca covered, ther.
appears to be little need for establishing more thau
three fire zones, inclusive of the outer or unrestricted
Area.

4. SpACING PROM ADJACENT ('ONBTRUCTION oR Proep-
ERTY LINE

It is noted that restrictions of this type while differing
widely are based on both type of construction and
occupancy. In some cases the location of small bLuild-
ings, such as private garages, is less restricted than of
large buildings.

5. HEicar AND ARrea LiMiTirions

Only in the Atlanta code is there a gencral height
limitation (150 ft) applied to buildings of the Fireproof
type where also areas are limited to 10,000 to 40,000
ft ® for some occupancies. In Seattle the height except
for towers is limited to two and one-half times the width
of the widest street on which the building abuts and for
some commercial occupancies further height limitations
and also area limitations are applied. In Boston the
height of hazardous commercial bulldings of the Fire-
proof type is limited to 150 ft and the area to 15,000
to 20,000 ft*. In Minneapolis the floor areas in Fire-
proof buildings over one story in height are limited to
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30,000 to 83,0001t?, depending on the number of street
frontages and installation of automatic sprinklers.
In New York and Denver no helght or arca restrictions
ar applied for this type of construction oxcept as may
be required by soning regulationa.

The limitations applied to the Incombuatible (Metal,
Metal Frame, All 8teel) type present a wider range and
In general are more restrictive than might be considered
neccasary, particularly if some degree of protection is
applicd to the metal members. For the other iypes
the requirements are more uniform due apparently in
part to more definite type definitions. The heighta
and areas permittod in some codes for bulldings of the
Exterior-Protected type appear excessive, and con-
sidering avallable materials and constructions sueh

conccesions can hardly be regarded as necessary under
normal conditions.

6. Peruisaisrr MaTEniars

While for the Fireproof type the structural members
are required to be of incombuatible materials, there is &
wide range in materlals permitted for trim, finlsh, and
partitions. Acoording to some of the codes thes» ean
be of combustible materials to an extent that offsets
largely the basic safety features of the construction.
There are notable deviations as conoorns the other typos
of construction although here also differences in per-
missible materials and their method of application ma-
terially affect the status of the buflding type in its re-
lation to fire safety. Without doubt, practical con-
siderations and the prevalling building practices keep

these varistions within closcr limits than indicated by
somparison of the codes.

7. Reovianp Fiam RrsiaTancs

Whether given in the form of thickriess of protecting
matorials or as periods of fire resistance referenced to
the standard furnace test, the code requiremonts arc
the same for a given type of construction without refer-
ence 1o the oscupancy or assoolatod amounts of com-
bustibles. The 4-hr requirement for exterior walls can
be regarded sa exosssive aa & geners! restriction, and
the same holds for perty and fire walls for all but csr-
tain commescial oooupancies, for which without further
provisions it may be insufficient. The fire resistance
required for incombustible members In bulldings per-
mitted to have interlor wood framing is generally in
oxosss of that obtainable with the latter. In some of
the codes the requi'ement for protection of shafts and
exit ways is far in excess of that required for safe exit
of occupanta in point of fire resiatance, but not neves-
sarily as concerns smoke-tightness.

8. Peruisainir Occurancine

The restrictions as to permissible typos of construe-
tion to accommodats given occupancies are supple-
mented by height and area limitations, also partly
based on oocupaney. Distinctions are necessarily
largely based on judgment aided by such experience as
ia applicable. The genmeral limitation of the larger
places of public assembly and of detention buildings to
those of Fireproof construction sppears warranted by
the fire record.

les]



APPENDIX B. METHODS OF ESTIMATING FIRE-RESISTANCE PERIODS

SscTion 1. GeNenat MuprEop oF EstiMaTING THE
UrriMate Fine-Resiarance Pxriops or WaLis
AND PantirioNs

In moset cases the fire-resistance period will be de-
termined by the temiperature rise on the unexposed side
of the wall, and it is on this criterion that the following
method of interpolation and extension is based.

According to the general theory of heat transmission,
if walls of the same material are exposed to a heat souros
that maintains a constant temperature of the surfaoe of
the cxpoescd side, and the unexposed side is protected
againat heat loss, the time at which a given temperature
will be attained on the unexposed side will vary as the
square of the wall thickness. (See '“Heat Tranamis-
sion” by Wm. H. McAdams (1933) and ‘‘Mathcimatical
Theory of Heat Conduction” by Ingersoll and Zobel
(1913).)

In the standard fire test, which involves specified
conditions of temperature measirement and a fire that
increases the temperature at the exposed surface of the
wall as the test proceeds, the time required to attain a
given temperature rise on the uncexposced side will be
different from where the temperature on the exposed
side remalns constant at the Initial cxposure tempera-
ture for any period. It has been found that compari-
sona fairly consistent with test resulta can be obtained
by assuming the variation to be according to some lower
power of » than the second. The fire resistance of the
wall can he then expresaed by the formula

R (cV)",
where R =fire-resistance period,
e=coefficient depending on the material, de-
sign of wall, and the unite of measurement
of Rand V,
V =volume of solid material per unit area of wall
surface, and
n=cxponent depending on the rate of increase
of temperature at the exposed face of the
wall.

For walls of a given material and design it was found
that an inerease of S0 percent in volume of solid ma-
terial per unit area of wall surface resulted in a 100-per-
cent increase in the fire-resistance period.! This rela-
tion gives a value of 1.7 for n. The lower value for »
as comparcd with 2 for the theoretical condition of con-
stant temperature of the exposed surface is to he ex-
pected as the rising temperature at the exposed surface
would tend to shorten the fire-resistance period of walls
qualifying for relatively higher ratings.

The fire-resistance perfod of & wall may be expressed
in terms of the fire-resistance periods of the conjoined
wythes or laminae of the wall as follows: ‘

If Ry, Ry, Ry, ete.=fire-resistance periods of walls (or
component laminae of walls) having volumes of solid
material per unit area of wall surface of V,, V,, V;, ete.,
respectively, also letting ¢ and n be as defined above,
then for walls in general,

Ry=(a)V)®, Ry=(aaV))*, and Ry=(aV3)".
The fire-resistance period of the composite wall will be

R (V)%
where V=V, +Vi4+V;
and c_(¢|"|+01V:+°sVl)'
i
Therefore, R=(e,Vi+&aVi+aVy®

= (Rl'/'+R:"'+Ra"')..

_ SBubstituting 1.7 for n and 0.59 for I/n, the genera!

formula becomes
R=(RMW4RIWLRON | | et

It will be noted that the fire-resistanoce period has
been expressed in terms of the fire-resistance periods of
the component laminae of the wall, which nced not
be of the same material and design.

For walls otherwise aimilar but of different thicknese
the general formula takes the following form:

R, .. R,(& l."'

where V; and V, are the respective volumes of solid
materials per unit area of wall surface, and Ry and R,
the corresponding fire-resistance periods.

If the fire-resiastance period of a wall is known and if
it is desired to find the fire-resistance period when one
coat of ¥%-in. 1:3 sanded gypsum plaster is added, the
solution is as follows:

R=(RoS%4 0.3)11,

R, = fire-resistance period of the unplastered wall
in hours;

R =fire-resistance period of the plastered wall in
hours;

0.3==an average value derived from testa (use 0.6 if
plastered on both sides}.

Use 0.37 for one coat of 5/8-in. 1:3 sanded gypsum
plaster and 0,75 if plastered on both sides. For ¥-in.
thickness of this plaster, use 0.45 for application on
one side and 0.90 for plaster on both sides. The value
of the constant is directly proportional to the thickness
of plaster.

In like manner, it was found that the effect of oon-
tinuous air apaces scparating wythes or laminse of a
wall by distances of 13 to 3} in. may be estimated by
the use of the values 0.3 and 0.6 for one and two spaces,
respectively.

8xcrion 2. GENERAL MuTHOD OF ESTIMATING THE
UrTiMaTe Fire-REsistANCE PER1oDS OF COLUMNS

According to theory, if similar homogeneous columns
of the same material are exposed to & heat source that
maintains a oconstant tempersature at the surface of the
colump, the time at which a given temperature at the
center of the column is attained will vary as the aquare
of the distance from the surface to the center, or di-
rectly as the transversc sres of the section. Although

1 This also correaponds with Andlngs of Mensel, see pare 28.
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the temporature at the oenter of the culumn is not the
criterion for determining ite ultiniate fire rewistance, the
above theoretioal conaideration lends support to the
conclusion that a substantial increase in ire reeistanoe is
to he expeeted, when the total area of solid material in
the transverse scotion in incroaned.

(@) Protected Metod Columna

The fire resintance of protected motal columns, by
analogy with the principles applicd above for walls, can
be exprossed approximately by the following formuls:

R,.,(’:'lln.{..!l!l)n' “)

where K in the fire reslstatice of the eolumn, F s the fire
renistanee attributable to the portion of the protection
outnide of the lines circumacribing the metal section
(outside section), and fis that atteibutable to the por
tion within the linea circviinseribing the metsl aection
{innide section).

The fire resistanee of columne s for walle can be an-
aumed to be & function of the volume of solid material
per unit area of outside or fire-exposed surface. The
constants for the “outaide’’ and “inside” sections of pro-
tected metal columns can, however, not be taken to he
the xamie, and aoccordingly on the above basls, formula 1
may be written in the formn:

R C[(I-,D 'ﬂ) ol n."{; )

Rac(D—a';;)"’ 3

where ¢ and a are constants, and /2 and 4 are sicles or
diameters of “outside” and “inwide"” scctions, respee-
tively. As concerns results from fire exposure in the
atandard furnace test, n can be taken as 1.7. The other
two constants can be obtained by solution of one or
more pairs of simultancous equations obtained from re-
sults of fire teats of two or more columns of the same
material and of similar but unequal sections.  With con-
stanta thus derived, the formula can be used to inter
polate and oxtend within moderate limita the results of
fire tests with a given type of column and protection.
1t will be used only In the case of structural stee’ eol-
umna with solid concrete protections and all reentrant
apaces filled with the concrete. For this condition, a,
wan found to be 0.4, and ¢ varied with the coarse aggre-
gate used. Aocordingly, for structural steel columns
with nolid protections of concrete, formula 3 becornes:

a=c(o—o.4§)"’ )

(d) Reinforced Concrete Columns

Tests to failure of reinforedd coucrote columns were
limited to columns having fire-resistance periods of lees
than 4 br for concrete made with siliccous aggregate and
about 7 hr for trap-rock eoncrete. The columns made
with caloarecus aggregate concrete and some made with
trap-rock aggregate were not testod to fallure under the
working losd and fire exposure, the tests being ter-
minated at 4 or 8 hr. It was found that formuls 3,
nsing the same valuee of ¢ and a as determined for

)]
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structural stosl protected aolidly with conorete, could be
applied consiatently to the rewults of fire towts of con-
orete oolumns. For this purpose d was taken as the
diameter or side of she column ocorc. Accordingly, in
the case of working loads computed as carried hy the
core area (which was the method used for the colimns
testod), the Interpolations and cxtensions were made
by the use of formula 4 above.

However, socording to prosent practice, except aa it
oonoerns columnas heavily reinforeed with bands or spiral
hooping, the working load ls generally computed on the
basis of the gross area of the column. ‘Thix will have the
effect of increasing the permiseible load on & column of
s given sise with consequent decrease in Ita fire rewist-
anee. An spproximate allowance for this can he made
by assuming d to be equal to D,

Accordingly, formula 4 for this eondition hecomes:

R=c(.8DV (5)

Section 3. ApPuicaTiONs  Mabpk v
Repont

™y PrESENT

Bome npplications were made of the above methods
as limited interpolation and extension of related test
data, which are noted under ratings for load-bearing
masonry walls (p. 26), maronry partitions of atructural
clay tile and hollow concrete unita (p. 30), plaster parti-
tions (p. 32), and columna (p. 38). Many of them
involve increases in fire roniatance due to plaster, allow-
snoes for which have been gencrally made in other corn-
pilations of firc-resintance ratings. By the ‘present
method the constant reprosenting the increment is
sdded to the 1.7 root of the rating for the unplastersd
construction and the sum raised to the 1.7 power to
give the rating for the plastered construction, This
represents a more rational method than a fixed addition
to the rating for the unplastered condition and conforma
with resulta of fire tests that indicate quite uniformly
an increase in the increment due to plaster with increase
in fire rating of the unplasterod construction.

In gencral, the limit to which applications of the
mothods were made was set by average variations to
be expected in results of fire testx of nominally compar-
able constructions. Accordingly, conscrvative exten-
sion_and interpolation of a related line of test data arc
considered as giving reliability at least comparable to
that obtaining for results of individual fire tests.
Variability for the latter has been indicated to be ax
high as 40- to 50-percent devistion from average values,
with 5 to 15-percent deviation representing more
nearly the average experience. The varlability is
csusad by varistions in material, workmanship, and
esasoning conditions, such as quality, set, and sessoning
of plaster and cement, varying imperfections of joint«
in ‘masonry, and amount of free water present in the
construction at the time of test. The latter is a fre-
quent cause of variation, depending as it does, not only
on surface volume-relations and seasoning counditions.
but also on the molsture-retentive properties of the
materialx.

Wasnixgron, June 9, 1042,



