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Confirmed: Fire Losses in Multifamily
Buildings Depend on Type of Construction
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Fig. 1. A rapidly sproading apartment fire. Mutifamily buildings buill of combustible construction permil fire (o guickly spread and
endanger tha ives and property of every occupant. Mulifamily buildings should be designed and constructed so that @ach unit can
BUSINN @ compéete bumoul wilhout alfeciing adjacent areas

The second phase of a study of the relationship
between construction lype and fire lossas in multi-
Highlights of This Issue family residences has been compleled.

The new daia strongly reinforce conclusions
from the first phase that the fire-resistive qualities
of construction play an important part in limiting
increases, fire losses—measured by extent of losses from fire. Based on three measures of fire
flame spread, average dollar loss per fire, and losses, the report shows a close relationship be-
nurmber of injuries per fire—all decreasa tween construction type and exient of fire IGEEES.
As the fire-resistive qualities of a construction
increase, fire losses decrease.

The report of the second phase (Rel. 1) was pre-
pared by the University of Maryland's Departmenl
of Civil Engineering under a grant from the United

Pk States Fire Administration (USFA). The Informa-
=1 n; = A s
gintemndy :01?:5%?95;;;;}?;2;1;Tﬁi?amﬁ;:ﬂﬂ tion was deuelu_peu:l by analyzmgl data oblained
any other combination of construction type and from the USFA Fire Data Center using the Mational
building size. Fire Incident Reporting System (NFIRS), The sec-
ond phase combines new LISFA data with the data
used in the first report

U.S. FIRE LOSSES

Approximalely 6500 fire deaths occurred in the
United States in 1980. In addition, 30,000 civilians

& Ag the fire resstivity of mullifamily residences

® As tha numoer of Iving units in multifamily
residences increases, fire losses increase

& | residencas with over 20 living units and built

» Recommendation: The use of wood-frame
consiruction for multifamily residences with
over 20 living unils should e prohibited.



and 98,000 firefighters were injured and over 56
billion worth of property was destroyed. Resi-
dences have the worst experience for loss of life
and property from fire in the United Stales. They
are responsible for over B0% of all fire fatalities,
70% of all injuries, and 50% of all property losses.
(Red. 2)

Approximately 20% of all residential fires occur
in multifamily buildings. Very oflen these siruc-
tures are built to the same standards and with the
same lype of combustible building materials as
single-family homes. This multiplies the fire dan-
ger in multifamily buildings, because residents
and their property are much more vulnerable to
fire exposure resulting from the negligent actions
of their neighbors than are people living in single-
family homes.

DATA BASE

Fire data are collected by NFIRS from states vol-
untarily participating in the program. In the first
phase of this fire-loss study, dala were received
trom live stales for 1875 through 1977, In the sec-
ond phase, dala for 1978 includad 10 new slates
{see Fig. 2). Up to and including 1978, NFIRS has
dala on 59,495 fires in multiple family residences,
of which 35,908 are fires with 8 known extent of
flame damage.

The study was intended to investigate only the
effect of construction type. Therafore, il was nec-
essary o exclude fires that were confined to the
area of origin since these small fires would not be
significantly affected by the construction type of
the structure. The NFIRS provided a dala base of
8023 fires thal met the required characieristics
and were analyzed in the study

CONSTRUCTION TYPE
AND BUILDING SIZE

In addition to the relationship between construc-
tion type and fire losses, the size of these muiti-
family residential buildings was also invesligated
to determine the relationship between building
gize and fire logses.

The NFIRS coding system classilies construc-
tioninto eight types, described in Table 1, Allslates
except California follow this coding system. The
NFIRS classification of construction types found
In the medel building codes is given in Table 4

California classifies construction into four types.
depending on the combuslibility of major struc-
tural elements. Table 2 describes these four types.

Because of this difference the data are analyzed
separately for California and for all states excepl
California.

The NFIRS system describes the size of the
bullding by the number of living units in each
building. These building categones are listed in
Table 3.

Table 1. NFIRS Construction Types

1. Fire Resistive
A totally noncombusiible building in which no structural
steel is exposed and all vertical openings are protected
by approved doors. The !ua-msh-l.lntcmriny of the
stesl s typically very heavy: poured concrele, brick,
concrete block, or similar material.

2 Heavy Timber
A typical mill-constructed building in which the load-
baaring walls or columns ara masonry or heavy timber
and allexposed wood members have a minimum dimen-
sian of twa (2} inches. Il steel or iron columns are used,
they should be protected by a fire-resistant enclosure,

3. Prolected Noncombusiible '
A totally noncombustible bullding in which no structural
steel is exposed. All vertical openings are protected by
approved doors. The (ire-resistant covering of the steal
is typically light: gypsum board, sprayed fire-resistive
caovering, rated ceilings, and similar materials.

4. Unprotected Moncombustible

A totally noncombustible building in which the struc-

tural steel is exposed to the effects of a fire,

5, Protected Ordinary
The load-bearing walls are masonry. Columns are
protected by a fire-resistive covering. The underside of
all wood floor and roaf decks is protected by a fire-
resistive covering.

&. Unprotected Ordinary
The load-bearing walls are masonry. Columns, wood
fioor and roof decks are exposed and unprotectad from
fire.

7. Protecled Wood Frame
Walls, rools, and roof structure are wood framing, The
intarior wall and ceiling surfaces of habitable spaces are

protected by a fire-resistive covering. A brick-veneer

bm'mnp faliz in thiz category because the wall structure
is wood framed. But for ary wood-frame building if the
basement does not have a lire-resistive ceiling pro-
tecting the wunderside of the first floor, the building
should be classilied in the unprotected-wood-framea
category.

8. Unprolecied Wood Frame
Walls, floors, and rool structure are wood framing.
There is no fire-resistive covering protecting the wood
frame. A typical residential garage would tall in this
category.

Table 2. California Construction Types

Exterior | Interior | Floor and roof
Type wall wall construction
A M N M
B N N c
C N c c
D L [ c

N = Moncombusiible
C = Combustible

Table 3. NFIRS Building Categories

Category | Mumber of unils

| 3-G
1] 7-20
I aver 20




B Stales Aaporting in 1979 Study
@ Adcitional Siates Aeporting in 1980 Study

Fig 2 Inthe 1980 siudy ten additional states wera adoed to the
MFIRS program

FINDINGS

The method of evaluating the contribution of con-
struction type in minimizing fire losses |s based
primarily on the following three measures or pa-
rameters available from the fire data:
1, Extent of flame damage
2. Praperly loss in dollars
3. Injuries and fatalities
The reparted findings of the study are as follows
Fire losses (measurad by flame damage, prop-
erty loss, and injuries) in multifamily residences
are dependent on type of construction. In particu-
lar, the following are construction types in de-
creasing order of ability to minimize fire losseas!
Type 5 Protected Ordinary
Type 6 Unprotecled Ordinary
Type 7 Protected Wood Frame
Type 8 Unprotecled Wood Frame
For California the similar ranking Is
Type A
Type B
Type C
Type D
Because data available for study are highly
concentrated in construction lypes 5,8, 7, and 8,
the ranking is based on a comparison of these
types only, However, data from all eight NFIRS

types can be very useful in assessing the influ-
ence of building construction on fire losses, From
this study the general tfrend ol the dala reveals thal
as the fire resistivity of the construction decreases,
fire losses increase.

The investigation also determined thal fire
losses are dependent on the size of the structure.
Losses increase as the number of unils in muti-
famnily residences increases. Of the building cate-
gories shown in Table 3, the greatest relative
losses occur in Category Il (over 20 units).

Of particular importance, the data revealed that
injury losses and property losses in residences
with aver 20 units and of wood-frame consiruclion
{fypes 7 and 8) are significantly greater lfan any
other combination of construction type and build-
ing size. This imporant finding is examined more
closely in the following seclions.

EXTENT OF FLAME DAMAGE

The extent of lame darmage describes essentially
the extent of the burned or charred area in tha
structure. According to the National Fire Incident
Reporting System Handbook, the extent of flame
epread “provides one means of describing the
magnitude or sericusness of the fire” and “can be
used for evaluating the effectiveness ol built-in
fire protection features designed to limit fire
spread.” “The confinement and extinguishmert
of a fire is influenced by many factors, including
struclural compartmentation,” However, by ana-
lyzing “the extent of flame spread for many fires,
the effect of individual factors [in this case, con-
siruction type] can be determined.” (Ref. 3)

The effect of consiruction type on the extent ol
flame damage is bast determined by analyzing
fires that extend beyond the area of origin, called
extended fires. Since the first barriers to the spread
of fire in & residential bullding are the walls, floor,
and ceiling assembly. the efficiency of these struc-
tural elements in confining the fire to the space of
origin is measured In lerms of the percentage of
extended fires penetrating this first line of defense.
Values are presented in Fig. 3.

Table 4. NFIRS Classification of Construction Types Found in Model Building Codes

Construction type
Cada Hetvy Ordinary Frama
Fireproof Moncombustible timber | Protected | Unprotlected | Protected | Uinprotecied
BBC 1978 1A 18 2A 28 2C 3A aB ac 48 4B
SBC 1878 | 1 — 1¥-1 I-0 1] W-1 V-0 Wi-1 Vi-0
UBC 1978 — 1-FR Il-FR =1 (18] IV-HT =1 11i-M V=1 V-N
Fira resislive Limited combustibla
Haavy _ . . Waoad

NBC 1976 [ ne A | Type B | Protected | Unprotected | timber Ordinary frame
M, study

1879 1 3 4 2 5 G d ad

Maote: A bullding meoting & model bullding coda classification, such 88 BBC type 38, would receive the MFIRS classification of typa &
Hewaver, a hullding classified as an NFIRS type 5 would not necessarily meet the specifications to be classified as a BBC type 38
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The data indicale that for construction types 5,
6, 7, and 8 (protecied ordinary, unprotected ordi-
nary, protected wood-frame, and unprotected
wood-frame) and for all building categories com-
bined (three unils and over}, the relative proba-
bility of lames extending beyond the room of origin
and beyond the fire-rated compartment of origin
increases as the fire resistivity of conslruction
decreases. This is particularly evident in building
categary | (3 to 6 units)

From the California data it was determined thal
for all building categories combined (three unils
and over), lhe type of interior wall construction has
a significant effect on reducing the extent of flame
damage. Also, for bulldings of 3 to 20 units baoth
interior and exterior wall constructions have a sig-
niicant effect on raducing the extent of flame
damape.

PROPERTY LOSS

The NFIRS dala provide an estimate of the tolal
dollar loss for contents and struciure in each fire.
Fig. 4 indicates the average dollar loss per lire
measurad in terms of the extent of flame damags.
Values were computed by dividing the total dollar
loss by the corresponding number of fires. This
information can be used to compare the relative
performance of the type of construction and the
effect of building size en fire losses. Those com-
binations of building size and construction lype
in which large dollar losses occur are readily
identified.

The data reveal a large increase in fire damage
measured by average dollar loss as the fire resis-
tivity of the construction is reduced. There is also
a8 marked Increase in (osses per fire as the size of
multifamily residences increases. The larges!
losses occurred in construction types 7 and 8
(wood-frame) in buildings with more than 20 units,
This particular combination produced losses
much grealer than any other comparable loss
values. Even In buildings with 7 to 20 units, aver-
age loss per fire in construction types 7 and 8 are
greater than the average values for other types.

Dbserving the California data for all building

Fig. 54
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categories combined (three units and ovar), avear-
age losses in construction types Cand D are near-
ly twice as large as comparable values for types A
and B,

CASUALTIES

The greatest concern aboul the eftects of fire re-
lates lo life safety. Thus, it Is important o evaluate
the effects of construction lype and building cate-
gory on the number of casualties (injuries and
deaths) suslained by analyzing past performances
in actual fires.

Since it was felt thal casualties from fires con-
fined to the area of origin are nol affecled by con-
siruction type, only casualties occurring in ex-
tended fires were consldered. Also, because of
the limited number of fatalilies recorded, a statis-
tically meaningful analysis was nat passible for the
fatality data, and only injury dala were presenied,

The injury data include persons injured al the
scene as a resull either of the fire or ol the action
of handling the incident Firefighter injurias were
included with these dala.

Fig. 5 presents the number of injuries per 100
lires. The dala indicale for consiruction types 5, 6,
7, and 8 that an increase in injuries per 100 fires
occurs as the fire resistivity of the consiruction is
reduced. This is parlicularly evident in struclures
with mare than 20 units. Also, all the dala indicale
a consistent increase in injuries as the number of
units fn a multifamily residence increases,

CONCLUSIONS AND
RECOMMENDATIONS

The infarmation used in the study of the relation-
ships belween fire losses and consiruction lype
and building size was based on actual fire losses,
and the results are indicative of the real-world fire
perdormance of the different construction types.
This Information, if applied to the planning and
construction of new multifamily bulldings. can be
most valuable in increasing lile safety and reduc-
ing properly damage due to fire
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Table 5. Number of Living Units Issued
Permits in United States
{Thousands of Uniis)

1978 1878 1880 | 1881

Cne and two family 1508 | 1643 B50 T14
Multifamily AGH B17 465 A07
& multifamily of total 24 31 a5 ]

Multitamily housing urnits represent an increasing portion of
the housing markel. Source: F. W. Dodge —Confract
Consiruchion Awards

The report recommends thal "serious consider-
ation should be given to prohibiting the use of
wood-frame construction [types 7 and B] in multi-
family residences with more than 20 living units.”
This is based on the high average property losses
and injuries experienced In this combination of
building size and consltruction type. If the same
fires had occurred in buildings of ordinary con-
struction (types 5 and 6), the report estimates
there would have been a 12% savings in the tolal
dollar loss from fires extending beyond the area of
origin and a 60% reduction in Injuries.

As the mix of residential construction shifls to-
wards an increasing propartion of multifamily resi-
dential units where residents are subject to the
action of their neighbors, the potential increases
for greater danger of loss of life and property from
fire. See Table 5,

By using concrete and masonry in the construc-
tion of new multifamily bulldings, the added satety
ol fire-resistive, noncombustible construction is
provided. As identified in this study, the use of non-
combustible construction is most effective in mini-
mizing fire damage measured by extenl of flame
spread, dollar loss, and casualties.

By analyzing a large body of fire data, the impor-
tance of construction type inthe firesatety of multi-
lamily buildings has been evaluated. This infarma-
tion is important if rational decisions regarding
firesafety are lo be made based on reliable infor-
mation of past performance. Since little informa-
tion has been published about the performance of
multitamily residential buildings in fires, this study
represents a significant step forward In under-
standing fire behavior in such occupancies.
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