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Fire Protection for Industrial and

Warehouse Buildings

In one of the most costly structure fires ever,
one of the world's largest and most modern
ratail distribution centers burned to the ground
along with all of its contents. Losses to K-Mart's
1.1 million-sq ft warehouse located near Phila-
deiphia are expecled to exceed $110 million.

in a little over onae hour the huge warehouse
and its cantents were tofally dastroyed (n spite
of the presence of an operating, fulf-coverages,
automatic sprinkler system and quick response
by dozens of liretrucks. Only the general of-
fices and computer centar survived, separaled
from the rest of the structure by masonry walls.

How could such a fire happen? There were
many factors contributing to the destruction,
all of which appear common to storage-type
occupancies. This report presents a rationale
for good fire protection design inindustrial and
warehouse buildings.

Since World War 11, national economic growth
and increasing cansumer demand have resulled
in the construction of more andlarger commercial
and industrial buildings. These tacilities oftan have
lire areas in excess of 500,000 sq ft and house
total oparations —from raw materials to production
to storage of finished goods—under one roof,

The rationale for crealing these so-called super-
plants are grealer cperational efficiency, cosl
contral, and econamy of scale. However, there isa
high concenltration of goods and property at risk
with potential losses upwards of $100 million fram
a single fire

Mot enly has the physical structure and layout of
these bulldings changed, but a dramatic change
has also occurred in plant occupancies. The de-
velopment of high-rack storage |s ane such ocou-
pancy, with storage of matarals from 20 1o 80 It
high. Also, the wide use of plasthics in products and
packaging has created fire hazards 100 severe for
ordinary measuras af protection. Unless somea-
thing 15 done to reduce the risk of calastrophic
loss, multimillion dallar fires will Continue o occur

Photos courtesy of Bob Sherman, Jr, International Fire
Pholographers Assodialion




s it iImpossible to prevent these large-loss fires?
Cartainly not. The old lessons from the past simply
need careful study and application, Two lime-
tested approaches need 1o be used mare fully:

1. Compartmentation—lto reduce the value al

risk

2 Zealous fire prevention /')

These measures are needed in addition to auto-
matic sprinkler systems because sprinklers alone
cannot ensure adequate protection. A brief ook at
some recent large industrial and warehouse fires
should make this more apparent,

Large-Loss Fires
e |In October 1977, a fire al the Ford Parts Depart-
in Merkenich, Germany, caused deslruction of
B00,000 sg H of warghausing valued al over
100 million and loss of business estimated al
over $50 million, Despite the presence of aulo-
matic sprinkler systems that were in operation
al the time, negative factors such as high-piled
storage, temporary storage ol highly combus-
lible malerials, delayed alarm, and lack af con-
trols an employee smoking permilted the loss 1o
occur, COnly a masanry fire wall separaling an
additional 500,000 sq ft of warehousing and
manutacturing halted the fire
e |n September 1978, a tire ina Montgomery Ward
distribution center inBensenville, lllinois, caused
a %25 milion loss in this fully sprinklered ware-
house, The fire, of suspicious origin, was fueled
by idle storage of merchandise and paliets in the
aisles, The operaling sprinkler system was over-
powered, Interior concrete block walls helped
gave 100,000 sq i of this 300,000-sq 11 ware-
house Only 16 minules alter discovery of lhe
lire, the meial-deck-on-bar-joist root sysiem
collapsed, destroying the sprinkler sysiem
® |n January 1973, fire was discovered Ina 20-t-
high-rack slorage warehouse In Edison, New
Jersey, Allhough the bulding was fully sprin-
klered, the lire progressed sorapidly that manual
firefighting efforls were not possible. The build-
ing began to collapse only 12 minutes after dis-
covery of the fire. The 267,000-sq ft warehouse
was totally destroyed with a resultingloss valued
at $30 milhon
In these catasirophies, even (he full-coverage,
aulomatic sprinkler systems proved to be insuffi-
cienl lire protaction, 12) Tha large losses and many
pthers like them are a costly reminder lhat even
the best of fire extinguishing control hardware by
itself is nat enouah
Many of loday's large warehauses and manu-
factunng plants are built under unlimited-area
provisions of the model building codes. These pro-
visions permit buildings of assembly, business,
factory, mercantile, and slorage pocupancies 1o

*Superscripl numbarng i parenthaseas danole rofefences at
the end ol ths reporl

be built one story high (two stories are permitied
by the Uniform Building Code) and of unlimited
area. Under this provision no built-in fire resist-
ance is necessary. Only the installation of a fully
automatic sprinkler system and compliance with
minimum separation distances are required. How-
ever, as witnessed by recent large-loss fires, when
the sprinkler system fails |0 operale or IS inade-
quate, little can be done to prevent total loss, The
need for large undivided buildings is recognizable,
espacially n occupancies such as automobile
and aircraft assembly plants. Nevertheless, the
need for unlimited open areas in other occupan-
cies, such as warehouses, is nol so apparent and
the effective use of comparimentation would
greatly limit the total value at risk without hamper-
ing operations, A reevaluation of the unlimited-
area provisions is therefore recommended.

Fire &l Ford warehouse, Markenich, Germany

Fire at Montgamery Ward warehouse, Bensenville, llincis
Pholo caurlesy of Mational Fire Protection Assacialin




It 1s significant that in none of the above inci-
dents was the sprinkler system impaired al the
time of the fire, In other words, full prolection was
In service when ignition took place. Other negative
factors permitted the fire lo grow uncontrolled.
These negative tactors include—

* Absence of adequate lire separations

» Absance of adeguate fire resistance in roof
construction

» Storage of more hazardous materials than orig-
inally anticipated (such as aerosols, plastics,
flammable liquids)

e Temporary siorage in aisle spaces

» Deliberately set fires {multiple ignitions or use of
accelerants)

» Poor housekeeping and lack of employee-
smoking controls

s Storage materials stacked higher than assumed
in design

* Delayed alarm

Most of these faclors are the result of human
errar in the sense that someone deliberately or un-
knowingly permitted them to exist. Such error can
have disastrous eftects, undermining even the
best automatic extinguishing systems. Efferis to
prevent poor siorage praclices, housekeeping,
and maintenance are nol always effeclive, Fire
separations and minimum specilied lireresistance
for roofs, which are not as easily affected by
human error, are necessary 10 assure adequate
levels of fire protection

Essentials of Firesate Construction
Unfortunately fire protection is being irealed in
many sectors of the building industry as an exacl
science when in reality it has not progressed be-
yond the slate of a refined art [*! Past experience
must still serve as a guide in designing foday's
buildings for tiresalely.



This section idenlifies those fire protection
measures thal have proved through experience 1o
provide adequate fire protection in industrial and
slorage buildings.(2) Following sections will pro-
vide maore details of application and design for
some of these measures. Important points to con-
sider include the tollowing

1. For highly combustible contents and for mul-

tistory bulldings, select bullding materials

{such as reinforced concrete, concrela block,

or brick) thal resist fire

For industinal occupancies, use construction

{hat will not contribute to the spread of fire and

that has a fire resistance of two hours,

3, If construction or contents are combuslible,
subdivide large areas by lire walls with ade-
quately protected openings to limit the poten-
lial damage. Provide as much yard space as
is practical between bulldings

4, Provide camplele automatic sprinkler protec-
tian wherayvar there is combustible construc-
tion ar combustible contents

5. 1f the building is al more than ong stary, en-
ciose stairs, elevator wells, conveyors, and
chutes with twa-hour fira-rasistive walls, and
install automatic fire doors at apenings.

B Processes invalving flammable liguids or
other explosion hazards should be |solated
in detached huildings. Il an |solated |ocation
is nol possible. hazardous material should be
stored al exterior walls of main buildings and
isolated from the rest of the building by fire
walls

7. Provide for smoke remaoval from windowless
bulldings by fans, dampers, ar venls,

"3

Sprinklers? Yes, but not alone
In spite af the fallures previously cited, sprinklers
have proved tobe an eflective measure far provid-
ing fire protection for industrial buildings. Sprin-
kiers are most effective when combined with olher
fire protection measures to lorm a series of de-
fenses. This is because sprinklers are susceplible
to many adverse conditions thal could renderthem
inoperative or inadeguate. These include poar
maintenance, shutdown for repairs, inadveriantly
shut valves, mallunclioning pumps, and lack of
glectrical power, Also, If the eombustlible contants
of the building have increased due to & change in
occupancy since the systam was lirst installed,
the water supply may be inadeqguala 1o handle the
greater fire hazard

A study of tire-loss stalistics indicates the haz-
ards of inadequate sprinkler sysiems, ¥ Table 1
shows that the average |0ss in an inadequarely
spnnklered area 15 nearly five times thal inan un
spnnklered area. Having an inadequate sprinklar
system rasulls in greater risk of fire damage than
haying none at all, because building codes allow
cerlain fire protection features 1o be eliminaled if

Table 1, Fire Losses in Sprinklered
and Unsprinklered Areas*

Average loss [n sprinklerad area 8 42575
Avarage loss In unsprinklerad area 160 539
Avarage loss whare sprinklers falled 750251

*Sourcd Industrial Ak insaners—analysds of BT0 apnnslenss
fite losses and 313 unaprnkinred fire losses, 14
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Automatic spnnklers have proved (o ba effective lor provicing
fire protection lor industrial ouildings. Howevar, of the sprinkler
sysIEm 5 noparalive of iradequate, the fire-rasisive integrly
af [ha struciure must be relied on te contina and limil tha fire
Sprindlers are most effective whan combinad wiln olher fie
prolachion measuras. such 8s fire-resistive construction and
lire walls and partitions  Together (hese maasums larm &
seres of defensas with 2 beller chanca of confraling the fire
{Ran any ang delense mechanigm acting alone




Table 2. U.S. Large-Dollar-Loss* Building Fires 1979-1881

% of dollar Average | Average Avarage
Mo, of large- | % of fires, loss, loss, loss, loss,

loss fires, sprinkiered | sprinklerad unsprinklered | sprinklered

Year all buildings buildings buildings buildings buildings uildings
1978 358 10.6 15.5 $1.440,005 31,360 642 $2.109,508
1980 483 11.0 197 1,850,264 1,668,413 3.325,655
1581 368 12.0 21.3 1,666.817 1,480 628 2.964.209

Total/

Avarage i 1218 11.2 191 1,671,032 1.521,729 2858963

"Building lires resuting in $500,000 or more direot proparly damags

Source Nabonsl Fre Proleciion Assocslon—Fire Ingident Deta Crganization System

a sprinkler systam Is included in the design, When
the sprinkler system is inadeguate to conirolafire,
backup syslems such as fire separations are
needed to confine the lire and imil the loss. Such
protection should never be fraded olf because of
the presence of an aulomatic sprinkier system,

In addition, peaple have little difficully in ident-
flying sprinklered and unsprinklared property and
are more caraful aboul the kind and quantity of
combustibles stored in unsprinklered bulldings
See Table 2. 0n the other hand, people are gener-
ally unaware of the design limitations of sprinkler
syslems. Not realizing that an inadequate system
may be just as inellective as a nonexistenl system,
they neglect to limit {he amount of combustibles
stored there. This raises the fire load of the poorly
prolecled area and almost guarantees thal the
systam will be overloaded in an emergency

The large-loss fires examined earlier algo indi-
cate & problam thal has become noticeable in
other less costly and thus less dramalic |osses;
thal is, the increasing trend toward highly refined
protection specifications incorparaling little if any
safety lactors beyond those inherent in hydraulic
design. Minimal sprinkler densities and applied
areas of demand are specilied based on anlici-
pated type and kind of storage. However, the type
of material stared can change markadly aver Iha
lite of the structure, particularly in storage occu-
pancies |l more hazardous malerials are |ater
allowed to be slorad, the design dansities may nol
be adequale and a syslem upgrade may be nec-
egsary, An annual reevaluation of the sprinkler
syslem’'s capabilly with respact o the materials
currently being stored should be considered. It is
uniikely. however, that such an evaluation is very
comman

The sprinkler design is further relined by use ol
computar design for selecting minimum pipe sizes
to meel the hydraulic cnleria, which is usually
basad on waterlow tests faken near the building
Since the available waterflow may alse change,
petiodic testing |5 recommendead. All ofthis leaves
little room for errar. Even il the existing water sup-
plyis capable of handling much more than mmnimal
demands, tha selecled piping effectively throtlles
or prevents il from being utilized by he sprinkler

system 2! Therefore, in acddition to sprinklers
other fire protection measures are necessary,

Fire Walls

Large praperties or propertias with high-value con-
tents should be subdivided into separate fire areas
o limit the spread of fire. Horizonlal tire spread can
be limited by providing adequate space belween
buildings or by lire walls or lire partitions, Inmulti-
slory buildings vertical spread from one story o
anothar is limited by the Hoor construction and by
fire-rated wall enclosures with fire doors around
stairways, elevalor shafts, and olther openings.

The primary purpose af fire walls is to limit the
amount of properly exposed 1o a single fire, Fire
walls are designed to prevent the passage of fire
from one area to another avenit tha installed sprin-
kler system s out af service or s overwhelmed by
the fire.

Separation of occupancies by fire walls, suchas
manufacturing operalions from slorage areas, is
particularly important. Should the contents of a
warehouse catch fire. Ihe manufacluring facility
will be able 1o continue in oparalion, preventing
large losses and service disruption, Similarly, In-
ventory in a warehousa can support normal ship-
menis for some time in the event of a fire in the
manufacturing facility,

Areas al high value or large areas of combus-
tible construction ar contenis should also be sub-
dividad., In warehouses particularly, hazardous
materials such as flammable liguids, aerosols, and
plastics should ba stored in areas separaled lrom
the rest af the facility by fire walls.

The consiruction of fire walls must be sutficient
to restrict the transmission of heat by condustion,
convection, and radialion. Fire walls usually have
three- or four-hour fire resistance ratings bul
higher ralings ray be necessary depending on
the fuel loading

To ba completely affective, fire walls mus! ex-
tend through and above any combustible rools
they are intended to protect. Parapets for combus-
tible roots should be atleast 30 inches high. Acon-
crete roof does not need a parapet Endwalls to



prevent passage of fire argund the ends of the tire
walls should span Irom three 1o six feet on aither
side of the tire wall and have a \wo-hour fire resist-
ance rating, |4}

The mast impartant property of a lire wall is the
ability to retain its structural integrity when ex-
posed to fire. Such a wall musl be stable enough
1o remain standing even when structural members
on each side of it collapse. Strength is desirable
go thatl the wall can resist minor explosions, glan-
cing blows from falling materials, or pressure from
collapsed portions of floors and roof leaning
against It.

Fire walls should be planned in the early slages
of the building design. The location of the walls
should be selected 1o provide maximum fire pro-
tection without interfering with the intended func-
tion of the bullding. Substantial reductions in fire
ingurance premiums can be achieved wilh the
|udicious use and placement of lire walls. See
Table 3. It is recommended that the designer work
closely with the fire insurance carrier

Fire Partitions

Fire parlitions or lire barriers are used o furlher
subdivide major areas. They are intended 1o iso-
late hazardous processes, equipment, ar mate-
rigls and protect vital equipment or records. They
can be used in Industrial occupancies o separate
parallel lines of operating equipment so that fire
in one line will not damage companion umils.
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A properdy constructed firewall with adeguately profecied
openings can stop 8 fire from spreading even when automatia
and manual firefighling elforts have faited,

In the design of fire partitions it is assumed thal
sprinklers are in service so thal the primary func-
Lion of the fire partition is io limit the lateral spread
of heal and smoke 1o the immediate fire area. With
sprinklers in service, fire partitions require only
two-hour fire resistance and do nol need to be
freestanding

Fire partitions form an impartant first-ling de-
fense against the spread of fire, By restricling the
initial flow of heat and smoke to the area of origin,
they limit the unnecessary operation of sprinklers
oulsice the fire zone, They alsc provide sufficient
lime to coordinate and begin manual firelighting
efforts from adjacent areas

Thus, fire walls and partitions, inslalled in con-
junction with automatic sprinklers and smoke and
heat venls, form an effective fire defansa system
A series of delenses are set up that together have
a better chance of controlling and limiting the
spread of a fire than any ane defense mechanism
acling alone

Roof System Is Important

In August of 1953 the Genaral Motors Corpora-
lion's transmission plant in Livonia, Michigan,
burned in whal was the largest indusinal lire loss
to that date, $32 million, || was later learned thal
the meatal-deck roof cantaining a common bitumi-
nous adhesive and vapor barrier was lhe main
factor contributing to the destruction of the plant
Extensive leshing was canducted and construc-
tign compositions were developed to reduce the
hazard Inherent in this type of system. !>

In January 1967 another lesson was learned
aboul the importance of the roof system. The
MoCormick Place exhibition hall in Chicago sus-
tained a fire with losses of 540 millian 1o the struc-
(ure and $100 million 1o the conlents. Its steal roal
high abave the floor was left unprotected, based
on the erroneaus assumption that lemperatures al
that elevation would not be hot enough during &
fire tocause collapse. Howaver, collapse accurred
only 30 minutas aller the slart of the fire

The noncombustibility of steal lends unwarrant-
ed confidence in its suilability for uses where fire
is of concern. Steel loses approximately halt its
sirength when heated to 1100°F. However, the
slandard time-temperature curve reaches 1300° F
in anly 10 minutes, In an actual fire, this lempera-
ture can be reached even sooner, and collapse of
an unprotected steel-roof system, regardiess of
height, can occur quickly, Experiences such as
the McCormick Place fire paint out the need lo
eliminale building code provisions based on the
unwarranted assumption that height alone can
protect exposed-steel framing from fire. Check
your building code to make sure that such prowvi-
sians do not exist.

In the last several years we have witnessed very
destructive fires in several large superplants. The
K-Mart and Ford warehouse fires have provided




Table 3. Fire Insurance Cost Comparison—Warehouse and General Storage Building
Coverage: Fire and extended; building §1,500,000: contents $2,250,000

Flre i Fire ) Dimensions: 300x400 = 120,000 5g 11,
Total Total 1 story 20 11 Bigh, no hasemant. axt
y .l (hour annual (haur} annual wall with max. 20% giass, no expo-
Type of Construction Ext. wall um | Ext wall/Rooaf | premium sures, Fire wall, 3-hour rated and
: freestanding. divides bullding in malf,
Unprotected nencombustible o0 s215813 Rntes are nased on 805 colnsurinGe,
{with S-hour tire wall) (127, 576) clmss-6 putlic protection in Cook
County, based on Insurance Sarvica
Protected ﬂDﬂﬂﬂ'ﬂ'llﬂ.lﬁiHi axt. wall 1400 ﬂ?ﬂt’l 2/0 lmm Qe of linois rafe schadule in
npro o rool L effect 3/83, using 150 HULE (histori-
U. i Mﬂ?ﬂ?hlﬁﬂﬁh aal undarlying loss cast) lor pach
(with 3-hour fire wall) (58, 738) (B7.263) E.tr;muru. ﬂl‘ldr an average aperating
- and axpenze faclor for ingurance
Protacted noncombustible 14 32318 21 28,550 companiis
: i . Rates calculated by MATLECER,
H'_ﬂ'ﬂh Sohour: e veall) (28,943 (EneRa) Mitianil Lass Contral Service Corp,
7 o - asubsidiary of Kemper Corp. Tor [he
Frotested noricombiigibie 2 27.315 Concrete and Masonry Industry
{with 3-haur fire wall) [26,100) Firesnloly Commiftas
aama ol the cosl benelits of using lirg walls, Nio-Fred rools, and lre-resilivie CoNBMUCHON are demonsialed in s neueancn-cos! compangan. Fira

walls are parboulary bemelicu) when ugen in he [eas fin-reaislive ypes of construction Bnd especially when ihe ik an unmied ol Providing a
1=howi-=mied roal, \n mcdiion 10 boing mMpodnng |0 e evenl of 8 tire, also conlribules sigadicantly 10 reducing (nsurance pramidms By jlaiiously
choosing one's UUI|L1Ir'|;|| rinsarialE, oraal COat SAVINOR CAN bo roaalizad in seduEnd snurEnce preameums oF lire-rnled consinec) on I'i-_;l:l.nq wilh concrofo
and rmasohry almos! abways provides e ressstance ratings ol 1 or 2 hours

valuable lessons aboul the importance of the rool
system. In spite of Ihe presence and operation of
complete automatic sprinkler systams, thase fires
went unconirolled, Ceiling tlemperalurasincreased
lo the point where the exposed-steel roofs col-
lapsed, bringing the sprinkler sysltem down and
any hope of controlling the lira along with it Per-
haps the designer ol the new McCormick Place
faresaw the lessons lo be learned from these lires,
The facility was designed with an exlensive au-
tomatic sprinkler system, elabarate alarm and
smoka-venting provisions, and was provided with
a one-hour-rated fire-resistive roof,

One-hour-raled rocf systems ofler several ad-
vantages. They resist high temperatures that can
cause distorlion and ruplure of sprinkler piping.
Most importantly, ona-hour-rated roofs resist early
collapse in fires uncantrolled by the sprinkler sys-
tem. This keeps the sprinklers in place and apply-
ing water to the fire area Also, the roof systems
lessen the possibility of sudden collapse ol lhe
raol, which is a severs hazard to flirefighters, and
permil an internal fire allack thal would otherwise
be too risky to altempl

The insurance Industry has long recognized the
advanlages of a rated roof system. Conseqguently
they provide significant reductions in premiums
when a raled roof system is used. See Table 3.

CONCLUSIONS

The responsibllity for the tire protaction ol a new
warehouse or industrial facility should be shared
by both the owner of the facility and the community
in which il |s to be consirucied,

Company managemant must be aware ol the
high concentration of value it has at risk from a
single Incidanl, They mus! show more concern lor
providing fire prolection in the naw plant and re-
ducing risk concantration than |ust the purchase
of lire insurance. Providing automatic sprinklersin
the piant is a very posilive first step. However, 1he
consequences should a failure ocour are too gréal
lor plant managemen! or even an Insurer 1o as-
sume, A reasonable imitalion of values subject
to aone fire is necessary and easily accomplishead
with fire walls and partitions. For added safety,
a minimum one-haur-fire-rated rool assembly
should be provided to assist In the continuity and
operation of the sprinkler system evan though il
may be overpowered by the fire and permil an
internal fire attack by the local fire departmen

Communily Interast in a new plant’s ire-protec-
lion features should be high. Provisions in the local
bullding code for adequate buill-in lire prolection
to assist the local firefighting forces in preventing
a catastrophic loss should be required by the com-
munity. This should include automatic detection
and extinguishing equipment, use of lire-resistive
construction such as fire walls and partitions to
limil maximurm probable loss, and al least one-
hour-rated roof construclion to prevent collapsa
and permit effective use of automatic and manual
tirefighting capabililies

It is apparent thal bolh the privale and public
sectors have aninlerestinpreventing catastrophic
loss and should work together. Past large-loss
fires have shown that reliance on any one systam
or method of protection 1s not adequate. Whal is
needed is a well-balanced design that provides a
saries ol detensas acting together Lo provide max-
imum protection



For Every Direct Loss an Indirect Loss

In addition o the cosls incurrad from direct
fire loss, there is associated a series of in-
direct losses, In Industry, indirect fire losses
and business interruplion are oflen mera
severe in eveniual cos! than direct losses.
A lew of these indirect losses include loss of
important customers, loss of records and in-
ventory, continuing expenses, and high cost
of replacing plant and equipment ! It is not
surprising thal most plants afler a savare fire
are never able to reopen.

The decision to build a large warehouse or
manulacturing plant in & particular area can
have a greal impact on thal community. [t
can mean hundreds of newjobs and a great-
ly Increasad tax base, Therefore, the com-
munity has much at slake should a severa
fire occur in the plant, Economically, a fire
loss can have a negalive Impacl en a com-
munity by depriving it of employee payroll
circulation, tax revenue, and business de-
rived from suppliers of matarials and serv-
ices to the fire-stricken plant, and by adding
to the welfare burden,
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