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FOREWORD

For more than thirteen ycars Chief Layman’s book
“Tundamentals of Fire IFighting Tactics” was a stand-
ard reference and textbook for the fire fighting service.
More recently, his book ‘“Attacking and IExtinguishing
Interior Fires,” published by the National TFire Protec-
tion Association, set down the fundamentals that should
be understood in dealing most cffectively with the prob-
lem of excess heat in burning buildings. Later, Chief
Layman revised and expanded the book on Fire Tight-
ing Tactics to take cognizance of advances in the fire
fighting art during and subsequent to World War II.
This text lays down the fundamentals of tactical oper-
ations upon which a fireground commander must build
in order to successfully size up, confine, and extinguish
a fire, while utilizing available forees with reasonable ef-
ficiency.

Because “Attacking and Extinguishing Interior Fires,”
and “I‘irc Fighting Tactics” are complementary to cach
other, the National I"ire Protection Association has pub-
lished both texts as valuable information on fire fighting
by a practical fire [ighter of national reputation. We
would like to make clear that “TFire Fighting Tactics”
is Chief Layman’s book. It has not been acted upon
or reviewed by any technical committees of the Asso-
ciation.

During World War II, Chief Layman served-as Com-
mandant of the United States Coast Guard Fire Fight-
ing School at Fort MeHenry, Baltimore, Maryland. He
retired after twenty years as Chief of the Fire Depart-
ment at Parkersburg, West Virginia, and, prior to his
death, served as a member of NIFFPA Committees on
Firemen’s Training and Fire Department ISquipment.
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CuAPTER |
INTRODUCTION

HE primary purpose of this text is to outline a system of

training designed to enable officers and future officers of the
fire service to familiarize themselves with the art of directing
operations on the fireground. Major fires present complex
problems. No two situations are alike. Each offers its own pat-
tern of circumstances. This text offers no rule or formula which
will enable an officer to produce logical and practical solutions
to the many and various problems that may confront him on
the fireground. Each problem demands its own solution and
each solution must be the product of his own mental effort.
This calls for the necessary professional knowledge, skill, and
the ability to think clearly and logically under the pressure of
an emergency. Success or failure of a commanding officer on
the fireground depends upon his ability to estimate the situa-
tion, weigh the various factors, apply basic principles, decide
what action should be taken, formulate a plan of operation,
and see that the plan is executed promptly and efficiently.
“A battlefield does not give an opportunity for study, one does
what he can to apply what he already knows, therefore, it is
necessary that he know thoroughly and be able to use his
knowledge quickly.” — Marshal Foch. The art of war and the
art of fire fighting have much in common and the words of
Marshal Foch are as true of the fireground as they are of the
hattlefield.

Modern fire fighling is an art which requires a vast store of
professional knowledge and skill. It is impracticable for an
individual to attempt to acquire adequate knowledge and skill
from experience alone, a major part must be acquired through
systematic study and training. An article entitled “Fires and
Fire Departments” by James M. Bughee (father of the former
General Manager of the National Fire Protection Association),
appeared in the July issue, 1873, of the North American Review
in which Mr. Bugbee quoted Chief Officer Massey Shaw of the
London Metropolitan Fire Brigade as follows:
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“When I was last in Ameriea, it struck me very foreibly
that although most of the Chiefs were intelligent and zealous in
their work, not one that I met even made a pretense to the kind
of professional knowledge that I consider so essential. Indeed,
one went so far as to say that the only way to learn the business
of a fireman was to go to fires. A statement about as monstr-
ous and as contrary to reason as if he had said that the only way
to become a surgeon would be to commence cutting off limbs
without any knowledge of the human body or of the imple-
ments required.

“There is no such short cut to proficieney in any profession
and the day will come when your fellow countrymen will be
obliged to open their eyes to the fact, that, as a man learns the
business of a fireman only by attending fires he must of neces-
sity learn it badly. Even that which he does pick up and may
seem to know, he will know imperfectly and be incapable of
imparting to others.

“I consider the business of a fireman a regular profession
requiring previous study and training as other professions do.
I am convinced that where training and study are omitted and
men are pitchforked into the practical work without prepara-
tion, the fire department will never be found capable of dealing
satisfactorily with great emergencies.” Certainly, no individual
will question the self-evident truths contained in the statement
made by Chief Officer Shaw, eighty years ago. Considerable
progress has been made in this country in training firemen but
little, if any, progress has been made in training tactical officers.
Regardless of the efficiency of the individual fireman and his
tools, his efforts must be directed and coordinated by intelli-
gent and capable leadership if satisfactory results are to be
achieved on the fireground.

Army officers dare not await the hour of battle to learn the
fundamentals of military tactics. Volumes upon volumes have
been written on the subject and a combat officer is schooled in
this art from the time of entry into the service until he retires.
How can the fire service hope to attain a high degree of effi-
ciency in combating major fires without some system of train-
ing its operational officers in the art of tactical leadership on
the fireground? No doubt, through years of fire-fighting experi-
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ence, a resourceful operational officer will develop some system
of estimating a situation and employing his forces effectively
on the fireground, although he may not be entirely conscious
of having developed a definite habit of taectical procedure. If
he is unable to teach other members of the profession the funda-
mentals of his system, it becomes necessary for them to depend
upon experience alone in order to develop an individual habit
of tactical procedure. This is certainly an expensive and
hazardous method of learning. A system of teaching fire-fight-
ing tactics will be presented in this text which is intended to
serve as a bridge between theory and experience. It is designed
to enable officers and future officers of the fire service to under-
stand better the problems of command on the fireground and to
utilize their future experience to greater advantage.

Fire-fighting tacties may be defined as the art of direeting
and employing personnel, apparatus, equipment and extinguish-
ing agents on the fireground. This subject includes all the op-
erations which are performed in econnection with attacking, con-
trolling and extinguishing a destructive fire. A major fire pre-
sents a complex operational problem and this is especially true
of all major fires involving buildings or other structures. The
most logical and practical method of evaluating a complicated
situation is to simplify it by dividing it into relative parts. Once
this has been accomplished, it is possible to examine and study
the individual parts. On the fireground, it is not possible to
tear a complicated situation into definite parts but it is possible
to train the mind in the habit of surveying and analyzing a
complicated situation in a systematic manner. Tactieal pro-
cedure on the fireground can be divided into fairly definite parts
and this appears to offer the only logical and practical solution
to the problem of studying and teaching fire-fighting tacties.
In this text tactical operations on the fireground will be divided
into eight basic parts; each will be defined, examined, opera-
tional problems reviewed and the important governing prin-
ciples presented.
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BASIC DIVISIONS OF FIRE-FIGHTING TACTICS

[ 1. REscuE
Size Ur

oR 2. EXposures A. VENTILATION
EstivaTe 3. CONFINEMENT
OF THE 4, EXTINGUISHMENT B. SALVAGE
SITUATION

t 3. OvERrBAUL

The basie divisions, one to five, are arranged in proper se-
quence. Ventilation and salvage have not been numbered but
have been designated by the letters (A) and (B) because these
operations may be required at anv time following the initial
size up.

This system of teaching has been developed in view of its
application to major fires involving buildings which are usually
the most complicated situations with which fire-fighting organ-
izations have to contend. A resourceful instructor can readily
expand this system of teaching to include other types of fires
and emergencies.

The basie divisions of fire-fighting tactics may be delined as
follows:

Size Up or ESTIMATE oF THE SITUATION is the mental
evaluation made by the operational officer in charge of a fire or
other emergeney whieh cenables him to determine his ecourse of
action and to accomplish his mission.

REscuE includes those operations which are required to re-
move human beings (or valued livestock) from an involved
building or other hazardous situation and convey them to a
place of safety,

Exposures include those operations which are required to
prevent a fire from extending to uninvolved buildings or sepa-
rate units.

ConrFINEMENT includes those operations which are required
to prevent a fire from extending to uninvolved sections of a
building.

ExrtincuisaMENT includes those operations which are re-
quired in attacking and extinguishing the main body of fire.
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OvERrHAUL includes those operations which are required to
complete the extinguishment of remaining fire, prevent re-
kindling and to place the building in a safe condition.

VENTILATION includes those operations which are required
to displace a heated and contaminated atmosphere within an
involved building with normal air from the outside atmosphere.

SaLvaGE includes those operations which are required to
protect buildings and contents from preventable damage due
to water or other elements.

The first edition of this material was published in 1940 under
the title F'undamentals of Fire Fighting Tactics. In that edition,
the tactical employment of water was based primarily upon the
solid stream form of applieation. During World War II the
author conducted an extensive study of the problem of con-
trolling and extinguishing fires aboard commercial and naval
vessels. The experimental work in connection with this project
was performed by members of the instructors’ staff of the U, S.
Coast Guard Fire Fighting School, Fort MecHenry, Maryland.
This study and experimental work resulted in development of
the “indirect method of attack.” Complete and detailed in-
formation regarding this method of attacking interior fires can
be obtained from the publication by the author entitled
Attacking and Extinguishing Interior Fires. (Published by the
National IMire Protection Association, 1952, $3.75 per copy.)
The material presented in this text will be of limited value
without thorough comprehension of the professional knowledge
contained in Attacking and Extinguishing Interior Fires. Tac-
tical employment of water, as explained in this text, will be
based upon its application in the form of finely divided par-
ticles. The author’s convictions are expressed in the following
paragraph from the text mentioned above.

“The development of equipment that enables fire-fighting
personnel to apply water in the form of finely divided particles
was the most progressive advance in equipment since the ad-
vent of the power-driven pumping unit. This development has
provided the basic weapon that is destined to revolutionize the
art of fire fighting. Little, if any, progress can be made toward
improving the tactical employment of water in fire-fighting
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operations until the fire service recognizes the gross inefficiency
of the solid stream form of application. Development of
the water particle or fog nozzle does not mean that the solid
stream form of application will be eliminated. Small solid
streams are very useful in extinguishing spot fires and to pene-
trate smouldering materials. Situations are encountered from
time to time where a solid stream may be used to good ad-
vantage. The solid stream will continue to have a limited de-
gree of usefulness in fire-fighting operations but it is destined
to become the secondary form of application. Progress in the
tactical employment of water in firefighting operations de-
mands that water be applied in the form of finely divided par-
ticles. To exploit this development to its ultimate degree, the
fire service must diseard antiquated tactics and replace them
with tactics based upon scientific facts and natural laws. Then
and then only can the vast extinguishing action of water be re-
leased and utilized effectively in fire-fighting operations.”

13

CHapTER 1T
SIZE UP

SIZE up or estimate of the situation is the mental evaluation

made by the operational officer in charge of a fire or other
emergency which enables him to determine his eourse of action
and to accomplish his mission. Size up is the responsibility of
the officer in charge of first alarm units and becomes the re-
sponsibility of any officer who may later take eharge of opera-
tions at a fire or other emergency.

A major fire usually presents a complicated and rapidly
changing situation. The early operational phase may be ac-
companied by considerable confusion and excitement. A com-
manding officer must quickly survey and analyze the situation,
weigh the various factors, apply basic principles, decide what
action should be taken, formulate a plan of operation and ex-
ercise command. Success or failure on the fireground depends
to a major degree upon the ability of a commanding officer to
perform these essential functions in a practical and skillful man-
ner. This requires a disciplined mind which has been trained in
the art of clear and logical thinking. This mind must possess
the necessary professional knowledge and be able to apply such
knowledge in a skillful and resourceful manner. Individuals
who are unable to maintain self-control and to think clearly and
logically amid confusion and excitement on the fireground
should not aspire to positions of operational command. Success
on the fireground demands capable, resourceful and aggressive
leadership not only from the commanding officer but {rom the
entire chain of command.

The following system of mental training is designed to en-
able an operational officer to develop a definite habit of mental
procedure in dealing with a fire or other emergency:

BASIC MENTAL EVOLUTION OF SYSTEM

1. Facts

2. PROBABILITIES

3. OwN SITUATION

4. DEecrstoN

5. Pran or OPERATION



(b) LOCATION OF

(d) LIFE HAZARD

() EXPOSURES

(f) BUILDING OR BUILD-

FIRE FIGHTING TACTICS

OUTLINE OT SYSTEM

Facrs

(¢) TIME OF EMERGENCY { Month, day, hour

[ Location of building or build-
ings involved

Position of involved building
or buildings in relation to
streets, alleys, open spaces,
exposed buildings and other
materials

General physical surroundings

EMERGENCY

Fire Accidental

(¢) NATURE OF EMERGENCY { Explosion

Smoke Incendiary

Occupants of involved build-
{ ing or buildings

[ Life — Occupants of exposed
buildings

Property — Buildings or other
materials exposed

Occupaney

Contents

Construetion

Height, size

Openings into other buildings

Doors, windows

Fire escapes, exterior stair-
Ways

Interior stairways

Vertical shalts

Air conditioning system

Forced draft system

Automatie sprinkler system

Standpipe system

Other essential facts

INGS INVYOLVED

(9)

(h)
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Smoke: nature, volume, floors
involved
Exterior involvement:
Nature of fuel
Extent of involvement
Interior involvement:
Floor or floors involved
Area of major involvement
Phase of development
Location of burned-out
windows or other break-
throughs

FIRE

Wind: direction — veloeity
Temperature

WEATHER Rain, snow, ice
Atmospheric inversion
Relative humidity

PropABILITIES

(a)

(h)

(c)

(d)

(e)

Oceupants of involved build-
ing

Occupants of exposed build-
ings

Speectators

Own personnel

LIT'E HAZARD 9

To exposed buildings or ma-
EXTENSION OF FIRE terials
Within the involved building

Smolke
EXPLOSIONS 1 Dust
[ Contents
COLLAPSE OIF COM- f oof
PONENT I'ARTS OIF I'loors
INVOLVED BUILDING [ Walls
Wind: direetion, veloeity
WEATHER CHANGES Temperature

Rain, snow, ice




16 FIRE FIGHTING TACTICS
Water  Tovalved busiding
Smoke and contents

Other Exposed buildings

|

(f) PREVENTABLE DAMAGE J Heat
|
i\ causes and contents

Own SITUATION
(@) PERSONNEL AND EQUIPMENT — Apparatus, hose supply
(b)) ADDITIONAL ASSISTANCE AVAILABLE

() WATER sUPPLY — Mains, hydrants, auxiliary supply,
other extinguishing agents

(d) PRIVATE FIRE PROTECTION — Sprinkler systems, stand-
pipe systems. Other protective devices which could
be used to protect exposures or confine fire.

(e) ACTION THAT HAS BEEN TAKEN

Decrsion
(@) INITIAL DECISION

(b) SUPPLEMENTAL DECISIONS

Prax or OrERrATION
(@) ORDERS AND INSTRUCTIONS

(b) SUPERVISION OF OPERATIONS

EXPLANATION OF SYSTEM
FacTs
A commanding officer should ascertain the essential facts of

a situation and arrange them in his mind in a systematic
manner.

(@) TIME OF EMERGENCY

The month, day and hour may be an important factor in an

emergency. A fire in a school building when classes are in

session presents a problem different from a fire in the same
building during other hours. Time of emergency and type of
occupancy are related factors.

SIZE UP 17

() LOCATION OF EMERGENCY

First: Locate the building or buildings involved. The alarm
may have been received in such a manner that only the general
locality of the emergeney is known.

Second: Obtain a clear mental diagram of involved build-
ing or buildings in relation to streets, alleys, open spaces, ex-
posed buildings and surrounding arca.

Third: Observe any conditions which may interfere with or
obstruct operations such as overhead wires, high-voltage lines,
railroad tracks or parked vehicles.

(¢) NATURE OF EMERGENCY

Ascertain if the emergency is the result of fire, explosion,
smoke or other occurrence. Commanding officers and mem-
bers of his staff should be on the alert for indications of in-

cendiarism.

(d) LIFE HAZARD

Ascertain the nature of occupancy, number of persons
within the involved building or buildings, and the immediate
danger to their safety.

(e) EXPOSURES

Determine if there is immediate danger of fire extending to
or causing damage to exposed buildings or other property. At-
tention is directed to Chapter IV — ISxrosURES.

(f) BUILDING OR BUILDINGS INVOLVED
Most of the essential facts are itemized in the outline. (See
Chapter VI — EXTINGUISHMENT for additional information.)

(g) FIRE

The basic facts pertaining to a fire are itemized in the out-
line. (For explanation see Chapters entitled — IEXPOSURES,
CONFINEMENT, EXTINGUISHMENT, and VENTILATION.)

(h) WEATHER
A commanding officer should consider the weather condi-

tions existing at the time of emergency and how this factor may
affect fire-fighting operations. (See Chapters entitled RESCUE,
Exprosurgs, and VENTILATION.)
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2. PROBABILITIES
In this mental evolution a commanding officer should
consider existing conditions and estimate future probabilities.

(@) LIFE HAZARD

Estimate whether future developments may endanger the
lives of occupants of involved building or buildings, occupants
of exposed buildings, speetators or own personnel.

(b) EXTENSION OF FIRE
(See Chapters entitled Exrosures, CoNFINEMENT, and
VENTILATION.)

(c) EXPLOSIONS
(See Chapters entitled ExXTINGUISHMENT and VENTILA-
TION.)

(d) COLLAPSE OF COMPONENT PARTS OF INVOLVED BUILDING
This estimate should be based upon consideration of the
following factors: Type of construction, degree of involvement,
extent of destruction, nature and quantity of contents and their
susceptibility to water absorption and expansion.

() WEATHER CHANGES

Estimate weather changes which would affect the situa-
tion. Consider official fire danger forecasts if available. (See
Chapter IV — EXPOSURES.)

(f) PREVENTABLE DAMAGE

Iistimate the probabilities of preventable damage to in-
volved and exposed buildings and contents. (See Chapters en-
titled ExpPosURES, IXTINGUISHMENT, VENTILATION, SALVAGE,
and OVERHAUL.)

3. OWN SITUATION

In this mental evolution a commanding officer reviews the
facts of his own situation and estimates what he can accomplish
with the resources which he has at his command.

(a) PERSONNEL, APPARATUS, EQUIPMENT, HOSE SUPPLY
Consider these factors in relation to the estimated require-
ments of the situation,
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(b) ADDITIONAL ASSISTANCE AVAILABLE
Determine if additional assistance is needed to meet the
estimated requirements of the situation.

() WATER SUPPLY — MAINS, HYDRANTS, AUXILIARY SUPPLY,
OTHER EXTINGUISHING AGENTS

Consider the volume of water or other extinguishing agents

which are available in relation to the estimated requirements.

(d) SPRINKLER SYSTEMS — STANDPIPE SYSTEMS — OTHER PRO-
TECTIVE DEVICES
Consider the primary protective equipment of involved and
exposed buildings such as sprinkler systems, fire doors, fire
shutters and wired glass windows. Istimate the effectiveness
of these devices and the action required to insure their effective
operation.

() ACTION THAT HAS BEEN TAKEN

Routine action may have been taken upon arrival of early
units, a commanding officer should review the action that has
been taken and consider the locations of units and apparatus,
and how far he has already been committed.

4. DEecIsion

(a¢) INITIAL DECISION

A commanding officer should always keep in mind that his
primary mission is to prevent additional loss of life and prop-
erty. On the fireground, the decision is formed through an evo-
lutionary process. As a commanding officer ascertains the
facts, estimates the probabilities, surveys his own situation;
his decision should be in the process of formation. It should be
the logical and praectical conclusion resulting from his evalua-
tion of these factors. The decision should be a clear and pre-
cise mental outline of the action to be taken and the objectives
to be achieved.

In his book, Fire Fighting, the late John Kenlon, for some
twenty years Chief of the New York Fire Department, describes
how he surveyed the situation, arrived at his decision and
formulated his plan of operation at the great Equitable Building
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Fire of 1912, which was the most complicated and serious fire-
fighting problem of his career.

Due to the necessity of immediate action to effect rescue or
to meet other urgent requirements of a situation, a command-
ing officer may be forced to commit a unit or units to action be-
fore he has had an opportunity to survey the entire situation.
This should be avoided unless such action is absolutely neces-
sary. Both time and effort can be wasted by allowing indi-
vidual units to become immobilized before the initial decision
has been made and a definite plan of operation has been formu-
lated. This does not mean that precious time should be wasted
by units awaiting completion of the size up. A commanding
officer should issue such orders and instructions to unit com-
manders as may be required to place their units in condition
and position to earry out his decision upon completion of the
initial size up.

(b) SUPPLEMENTAL DECISIONS

On the fireground size up is a continuous mental operation.
A commanding officer should continuously review the facts,
probabilities and own situation; filling in his mental diagram
with the essential changes in the situation. Irom this “up to
the minute” diagram of the entire situation he should make
such supplemental decisions as may be required to deal with
new developments and to achicve his objeetives.

5. Pran or OPERATION

The plan of operation is a mental diagram showing how a
commanding officer intends to employ his personnel, appa-
ratus, equipment and extinguishing agents to enforce his deei-
sion and to achieve his objectives. Simplicity should be the
guiding prineiple in developing a plan of operation. A compli-
cated plan of operation is of little practical value on the fire-
ground. From time to time a commanding officer should make
such modifications and adjustments in the initial plan of opera-
tion as may be required to enforce his supplemental decisions.

(@) ORDERS AND INSTRUCTIONS
Orders and instructions should be clear and concise. If
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possible, unit commanders should be advised regarding the
existing situations, decision and plan of operation. This should
enable them to use better judgment and render more intelligent
cooperation in the execution of their orders and instructions.
Unit commanders should be given definite assignments in
compliance with the plan of operation. Each should know
where his unit is to be cmployed and the objectives to be

achieved.

(b) SUPERVISION
A commanding officer should be in contact with the entire

situation. He should keep informed regarding the progress of
operations and of new developments. The most perfect plan of
operation is of little practical value unless it is prosecuted in a
skillful and aggressive manner. Successful execution of the plan
of operation depends to a major degree upon capable supervi-
sion and this is the responsibility of the commanding officer and
members of his staff.

At small fires, the problem of supervision is not difficult for
a commanding officer can personally survey the situation and
confer with his officers and men. At large fires, supervision is
complicated by the problem of providing suitable means of com-
munication between a commanding officer and units of his
command. When directing major operations, a commanding
officer should establish a command post at an advantageous
location and supervise operations through staff officers and
aides who are trained and qualified to perform such duties. A
properly equipped command unit (automobile or truck) offers
the most practical answer to the problem of providing a com-
manding officer with a communication and control center.
Two-way radio appears to be the most practical solution to the
problem of communication on the fireground.

It should be emphasized by the instructor that this system
of size up has for its purpose the training of the mind to a habit
of logical thinking under the pressure of an emergency. It out-
lines the mental evolutions by which an operational officer
assembles and classifies the essential facts of a complicated
situation, thinks out for himself a solution which these facts
compel, thereby arriving at a decision and formulating a plan
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by which his decision can be executed. This habit of thinking
can be utilized in any emergency as effectively as it can be em-
ployed in solving a fire-fighting problem in the elassroom or on
the fireground. Once this habit has been formed an operational
officer will automatically ask himself: what are the essential

facts of the situation? What are the probabilities which these
facts indicate? What are my own capabilities of dealing with
the facts and probabilities? From these three simple mental
evolutions he should decide what action should be taken and
how he will employ his resources to enforee his decision.

Courtesy Boston ['ire Department

Lighting Plant No. 2 of the Boston Fire Department used as a command
and communications car, Note loud speakers and radio speaker on roof,

CaartER 111
RESCUE

RESCUE includes those operations which are required to
remove human beings (or valued livestock) from an in-
volved building or other hazardous situation and econvey them
to a place of safety.

Rescue should always receive first consideration at a fire or
other emergency. The officer in charge of first arriving units
should survey the situation immediately upon arrival to de-
termine if human life is in danger. His initial size up should
answer the following questions:

(1) Is the fire or other emergency of such a nature as to
endanger the lives of occupants or other individuals?

(2) Are there any occupants within the involved building?
(3) Do conditions demand their immediate removal?
(4) How many persons must be removed?

(5) Do I have available sufficient personnel and equipment
to accomplish my mission?

Problems of rescue can range from the very simple to the
most complicated. We would emphasize that only general
principles can be outlined for the guidance of a commanding
officer in solving a major rescue problem. A practical solu-
tion to a major rescue problem depends upon the ability ol
a commanding officer to employ every resource ab his command
in an eflicient and resourceful manner. Limited fire-fighting
operations may be required in order to effect rescue of en-
trapped occupants. Ventilation may be required or it may be
necessary to employ water to protect avenues of escape. In
some instances, it may be advisable to attack the fire in order
to control it until rescue operations can he completed. A major
rescue problem calls for adequate personnel and equipment.
Personnel should be thoroughly trained in all phases of rescue
operations. This also applies to members of a police depart-
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ment for they may have to render assistance in a serious rescue
situation. Successful rescue operations depend to a certain de-
gree upon adequate knowledge of the involved building. Iire-
fighting personnel should familiarize themselves with the life
hazard of publie, commercial and apartment buildings within
their operational area by frequent surveys and group discus-
sions. They should study under competent guidanee the con-
struction, interior arrangement, interior and exterior avenues
of escape, and other essential facts which would enable them to
cope with a major rescue problem in these types of occupancy.
In places of public assembly, schools, or any building or en-
closure where a considerable number of persons may be present,
a serious rescue problem may develop from ecauses other than
fire. Panic 1s a factor that must be considered in estimating a
reseue situation in these types of occupaney. (For information
regarding this factor see NFPA Firc Protection Heandbool:.)

Time of emergency and nature of oeeupancy have a direct
relation to the problem of rescue. Certain types of occupancy
have a variable life hazard depending upon the time of emer-
geney. Dwellings, hotels and similar types of oceupancy usu-
ally offer a greater hazard during the early morning hours.
Most of the occupants are asleep and a fire may gain consider-
able headway before being discovered. Theatres, schools and
other places of assembly present major hazards during active
hours. Time of emergency and nature of oceupaney should be
considered in a rescue problem.

Weather conditions at the time of emergency may be a
faétor in a resecue problem. Cold weather with the presence of
snow and ice may make rescue operations more difficult and
may endanger the health of persons removed from an involved
building. There may also be the problem of providing first aid,
medical care, ambulance service and hospitalization for the in-
jured. Age, sex and physical condition of oceupants must be
considered. Women, children and disabled individuals may
complicate a rescue problem. These factors should receive due
consideration in estimating a rescue situation.

Care should be exercised to prevent persons who have
escaped from an involved building from re-entering in an at-

[Sv]
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RESCUE

tempt to effect rescue or to secure personal property if such ae-
tion would endanger their lives or interfere with operations.
Necessary precaution should be taken to prevent untrained
persons from exposing themselves to hazardous conditions.

PRINCIPLES AND SUGGESTIONS:

(1) Resecue receives first consideration at a fire or other
emergency.

(2) Tire-fighting operations should in no way interfere
with or endanger the prompt and orderly evacuation of an in-
volved building unless such operations are necessary to protect
the lives of oceupants and to insure their escape.

(3) A command unit equipped with amplifier system may
be used to good advantage in directing operations and to advise
occupants who are awaiting rescue.

(4) Police assistance is necessary in a serious rescue situa-
tion. The officer in charge of the police detail should take im-
mediate action to clear the emergency area of spectators and
establish necessary fire lines.
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Cuarter 1V
EXPOSURES

XPOSURE protection includes those operations which are

required to prevent a fire from extending to uninvolved
buildings or separate units. Any major exterior fire in the vi-
cinity of combustibles usually presents an exposure problem.
An interior fire which has not broken through to the outside
atmosphere may present an exposure hazard to adjoining build-
ings. In fire fighting, it is of utmost importance that prompt
and intelligent action be taken to prevent ignition of exposed
buildings, separate units or other combustibles. Other than
rescue of human beings, the immediate mission of first alarm
units is to provide adequate protection for exposures.

Major fires and other emergencies call for advance planning
by both the fire and police departments. There should be defi-
nite agreement regarding the responsibilities of the police de-
partment on the fireground. The officer in charge of the police
detail should take neeessary action to prevent interference with
rescue and fire-fighting operations. Fire lines should be estab-
lished promptly and the operational area cleared of spectators
and unauthorized motor vchicles. Traffic controls should be
maintained on streets and highways surrounding the opera-
tional area to secure freedom of movement for apparatus and
equipment. Where there is a life hazard to occupants of ex-
posed buildings, evacuation should be conducted under police
supervision. Poliee cooperation is necessary in a major emer-
geney to enable fire-fighting units to operate at peak efficiency.

The basic factors that contribute to the rapid extension of
fire are well known and mueh has been written on the subject.
It is impracticable to provide adequate information regarding
these factors in this text. This is also true regarding the nat-
ural laws and fundamentals which govern combustion, genera-
tion and transfer of heat, and the controlling and extinguishing
action of water.  Information regarding these factors can be
obtained from the NIFPA Fire Prolection Handbook and
Allacking and Kxtinguishing Inlerior Fires.

Fog cone from ladder pipe fitted to fly ladder of modern aerial fruck.
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HERE are various types of permanent protection for ex-
posed buildings and they may be summarized briefly as
follows:

DISTANCE OF EXPOSED COMBUSTIBLES FROM THE FIRE. Suffi-
cient distance provides the most effective protection against
extension of fire. Each situation presents its own variables and
only by alert and keen observation on the fireground can the
sufficiency of distance be estimated.

PARAPETED FIRE WALL WITHOUT OPENINGS. Fire walls pro-
vide a very effective type of permanent protection but their
effectiveness may be reduced or destroyed by:

(a) Adjoining wall falling on roof.

() Damage to fire wall resulting from an explosion.

(c) Heat or flames passing over parapets and igniting com-

bustible roof, penthouse or other superstructure.

(d) Heat or flames extending around fire wall and entering

building through unproteeted openings.

(e) Sparks or brands igniting combustible roof.

(f) Sparks or brands entering building through openings.

(g) Unauthorized openings made in wall.

FIRE-RESISTIVE WALLS WITHOUT OPENINGS OR WITH PRO-
TECTED OPENINGS. The effectiveness of fire-resistive walls can
be reduced or destroyed by any of the causes listed for fire walls
and also the following:

(a) Conduction of heat through wall to combustibles

within exposed building.

(b) Trailure of fire doors or other protective devices to pre-

vent extension of fire into exposed building.

(¢) Tailure of wall due to struetural weakness.

OUTSIDE SPRINKLER SYSTEMS. Ioffectiveness of this type of
permanent protection depends upon design and water supply.
These systems require a large volume of water and may prove
ineffective unless fitted with fire department connection, turned
on early and supported by pumper.
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INSIDE SPRINKLER SYsTEMS. Provided the exterior walls
and roof are of fire-resistive construction and the system is
properly designed, it should prevent major involvement of an
exposed building. Failure to maintain necessary water supply
and pressure will nullify the effectiveness of this type of protec-
tion. The effectiveness of an automatic sprinkler system may
be reduced or destroyed by the following:

(@) Adjoining wall falling on roof.

(b) Ignition of combustible roof.

(¢) Damage resulting from an explosion.

(d) Any condition which would cause breakage of piping or

a larger number of heads to open than piping and
water supply will support.

(¢ Demand upon water supplies supplying sprinklers by
pumpers supplying hose streams (unless an adequate
supply is pumped into the sprinkler system).

(f) Contents hazard too severe for ordinary sprinkler
system.

NoNCOMBUSTIBLE Roors. The various types of permanent

protection previously deseribed may prove to be of Limited
value if roofs of exposed buildings are suseeptible to destruetion

by fire.

HEN confronted with a major fire in a congested area

there is insufficient time for a commanding officer to
familiarize himself with the essential facts regarding the in-
volved and exposed buildings. It is impraeticable for an officer
to depend upon memory alone for the essential facts regarding
the various buildings within his operational arca. In high
valued and hazardous districts, the cssential facts should be
obtained from surveys and map study (Sanborn Maps). These
should be recorded in a simple and systematic manner for
reference on the fireground by a commanding officer and mem-
bers of his staff. Some years ago the author had an opportunity
to make a comprehensive study of this problem. A review of
available information revealed that within citics and towns
having organized fire departments, fires are usually confined to
the block in which they originate. This does not indicate that
the open spaces provided by streets of ordinary width are suf-




30 FIRE FIGHTING TACTICS

H. V. Muhlmann, Parkersburg, W. Va.

A large calibre fog nozzle in straight stream position, Nozzle pressure

100 pounds per square inch. Volume approximately 630 U. S. gallons
per minute,
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H., V. Mullmann, Parkersburg, V. Va.

Another large fog nozzle with 100 pounds per square inch nozzle pressure.
Volume approximately 400 U, S. gallons per minute.

REID MEMORIAL
| - LIBRARY
LEWSS & CLALK COMbiuniTy COLLEGE




32 FIRE FIGHTING TACTICS

ficient to prevent ignition of combustibles by radiant heat gen-
erated by a major exterior fire, from sparks or brands, explo-
sions, or under unfavorable weather conditions to prevent
flame contact or ignition by convection. It does indieate that
fires are usually discovered before they have extended beyond
their block of origin and fire-fighting units arrive in time to pre-
vent such extension. From this study it appeared that opera-
tional plans should be based upon the individual block. A
simple system of block planning was developed together with
a definite method of organizing and recording the essential facts
regarding the important buildings within a block. These plans
were designed for use in directing operations on the fireground
but may also be used in preparing and solving tactical problems.
This system of planning is explained in Chapter X, TacricaL
ProBLEMS AND OPERATIONAL PLANS.

The fire-fighting resources of many departments are inade-
guate to cope with major exposure fires. Fire departments of
nearby communities are usually called upon to render assistance.
A properly developed Mutual Aid Plan should provide a defi-
nite system of dispatehing and utilizing outside assistance.
Such a plan should anticipate the requirements of various situa-
tions but should not deprive participating communitics of
minimum fire protection during an emergency. There should
be definite understanding regarding command and staff ar-
rangements.

EXCESSIVE heat is the hard core of every fire-fighting prob-

lem. Tire extends its boundaries by transmitting excessive
heat to exposed combustibles. Excessive heat must be adequate
in volume and intensity to increase the heat content of exposed
combustibles to a degree that is sufficient to actuate self-sus-
tained combustion. All ordinary combustibles require a heat
content that exceeds 300° I'. before they will ignite and burn.
This is a very conservative statement in view of the fact that
many ordinary combustibles require a heat content ranging
from 500° to 1000° I'. before self-sustained combustion can
occur. In this text, heat in excess of 300° I. will be referred to
as ‘‘excessive heat.”
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The most practical method of controlling and oxtinguishi.ng
fires involving ordinary combustibles is to trqnsfer excessive
heat {rom the involved and exposed combustibles to a non-
combustible substance. Nature has provided a non-combust:‘ble
substance in liquid form which has a greater heaf absqrblng
capacity per unit than any known substapce. W atc?r is na-
ture’s answer to the problem of transferring excessive he.at
from involved and exposed combustiblcs.\ .\Vater exerts its
maximum cooling action (heat absorption) in the process of
vaporization. Therefore, to obtain the maximum 0011Fr011111g
and extinguishing action {from a given.volm.ne of water .1t must
be applied in a form and at a rate which wal.l allow a hlgh!per-
centage of the total volume to be C(.n.werteq into steam. W atecli
vaporizes at 212° T. (sea level bmhn.g p01¥1t). Most expose
solid combustibles do not ignite until their heat content far
exceeds the boiling point of water. One sweep of a \‘vall or ropf
with a fog cone will determine if the exposed ma.terlaI’s cqntam
excessive heat. The presence of excessive heat will be mdwaFed
by a cloud of condensing steam. The \.rolume of condensing
steam coming from the zone of combustion and from expoged
materials is a positive indieation as to the amount of }}?at “-'h}f:h
is being transferred {rom involved and exposed ITlZLtQI‘lalS: Tire
officers should emphasize the import'anc.e zu}d necessrcy. of
obtaining a high percentage of Vapquzamon in fire fighting.
Personnel should be trained to recognize condensing steam and
to evaluate the information it conveys on the ﬁreground.. ‘

It is impossible to obtain a high percentage of vapor}zat%on
by the use of solid streams. A high percentage of \fapor}zatlan
depends upon adequate surface exposure of the water being ap-
plied and the only way of obtaining adequate §u}‘face exposure
is by projecting water in the form of finely divided pi‘ﬂ‘tiCl;‘S.
The proper tactical employment of large volume fog nozzles
offers the most practical solution to the problen} of contrc?lhng
major exposure fires. The author has- hafl sufﬁ.cuent experience
in combating major exposure fires to justify this conclusion.

HE following are some of the essential facts' that a com-
manding officer should observe and evaluate in making his

estimate of an exposure situation:
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(a) Nature, volume and physical arrangement of involved
and unconsumed fuel.

(b) Volume, height and intensity of exterior lames. (Ilame
production governs the rate of heat generation except in the
burning of charcoal or other pure earbons. Sce Table of
“IFlame Temperatures,” NFPA Fire Protection Handbool:.)

(¢) Intensity of radiant heat.

(d) If fire has extended to exposures, extent of involvement
should be determined.

(e) Proximity of exposures.

(f) Nature, volume and physical arrangement of exposed
fuel.

(g) Susceptibility of exposed materials to ignition or dam-
age from excessive heat.

(h) The most dangerous direction of probable extension
considering values and other factors.

(t) Weather conditions — especially wind direction and
velocity. Atmospheric inversion — a low atmospheric inver-
sion will retard the upward movement of smoke by placing a
lid on convection. Smoke may linger near the ground in suffi-
cient density to reduee visibility and cause physical discomfort
to fire-fighting personnel.

Considering the facts of a situation, a commanding officer
should estimate the probabilities. Some of these estimates may
be as follows:

(a) Increase in volume and intensity of flame production.
Collapse of parts of an involved building may accelerate the
rate of flame production and release sparks and brands,

(b) Direct flame contact with exposures.

(¢) Ignition of exposures by radiation, convection or con-
duction.

(d) Collapse of walls and probable results.

(e) Ignition of exposures by sparks or brands.

(f) Increase in veloeity or ehange of wind direction and
probable results.

Having obtained the essential [acts and estimated the prob-
abilities, a commanding officer should review his own situation
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and estimate his capabilities of dealing with the facts and prob-
abilities. The important factors regarding his own situation are
outlined and explained in Chapter II. At this time, a command-
ing officer should have a elear mental diagram of the entire
situation and his initial deeision should dictate the action to be
taken and the objectives to be achieved.

Comments regarding deeision, plan of operation and super-
vision:

(@) A major fire usually requires more than the normally
assigned first alarm units. A commanding officer should esti-
muate the requirements of the situation. He should consider
the availability of additional units, and if needed, should not
hesitate to issue orders for dispatch of necessary assistance. It
is far better to overestimate an exposure situation than to
underestimate it. Too little and too late are the parents of
disaster but needed re-enforcements can never justify the fail-
ure to employ the resources which are available on the fire-
ground. Limited resources employed in an intelligent, resource-
ful and vigorous manner may prove to be the decisive factor in
an exposure situation.

(b) In dealing with an exposure problem, a commanding
officer should not limit his thinking to defensive action only.
The most effective defense against extension of an exposure
fire may be a strong offensive. A commanding officer should
estimate his capabilities of concentrating sufficient volumes of
water on the main hody of fire to reduce flame production and
to absorb exeessive heat even though extinguishment appears
impossible. Ixcessive heat is the heart of an exposure situa-
tion. If excessive heat can be controlled, particularly at the
points threatening exposed fuels, extinguishment can be ac-
complished by allowing the fire to consume the involved fuel.

(¢) Decisions in major exposure fires are usually based
upon calculated risks for which a commanding officer should
aceept full responsibility. An individual who is unable or un-
willing to assume this responsibility should not aspire to posi-
tions of operational command. Professional ability and qual-
ities of leadership are as necessary on the fireground as they
are on the battlefield.
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(d) Tire-fighting units should not be allowed to rush into
action but should be assigned to definite missions in keeping
with the plan of operation. There should be a tactical reserve
on hand to cope with unforseen developments.

(e) Constant supervision should be maintained to see that
the plan of operation is executed properly.

() A commanding officer and members of his staff should
recognize the necessity of conserving personnel and water dur-
ing a major fire. Indiseriminate employment of hand-operated
nozzles usually results in waste of personnel and water supply
as may be noted by observing the drop in hydrant residual
pressures on pumper inlet gages. Large volume fog nozzles
operated from fixed mountings offer the most practical solu-
tion to this problem. (See NFPA Manual, Operating Fire De-
pariment Pumpers.)

Where a small structure such as an ordinary dwelling is in-
volved, exposures may be protected by fog nozzles on booster
or 1V4-in. hose lines. Where fire has penetrated an exposed
building, the only way to prevent destruction of the building is
to attack and extinguish the interior fire and protect the open-
ing through which the fire extended. All roof openings and
windows located on exposed sides of building should be closed
and care should be taken to prevent destruction of window
panes.

PRINCIPLES AND SUGGESTIONS:

1. A commanding officer should determine the most danger-
ous direction of extension and take immediate action to halt
the progress of the fire in that direction.

2. Air conditioning or other forced draff systems of heat-
ing, cooling or wventilating exposed building should be shut
down.

3. Full advantage should be taken of the various types of
permanent protection available.

4. Care should be taken to prevent charged electric wires
from falling and thereby endangering life and property. Poles
and wires should be protected by application of water until
wires can be cut or service discontinued. Arrangements should
be made for prompt response of an emergency ercw of the local
utility company to all major fires.
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CONTINEMENT

ONTINEMENT includes those operations which are re-

quired to prevent a fire from extending to uninvolved sec-
tions of a building. A fire starting in a basement or on lower
floors is more difficult to confine than one starting on upper
floors or in an attic. The downward extension of fire is slow
while its extension from room to room on the floor of origin
and to upper floors is usually rapid if not retarded by a sprin-
kler system or protected openings.

FIRE MAY BXTEND HORIZONTALLY FROM ROOM TO ROOM AS
FOLLOWS:

() Through any unprotected opening by direct flame con-
tact or by circulation of heated smoke and air.

(b) Explosion or flash burning of heated smoke, flammable
gases, vapors, dust or contents.

(¢) Conduction of excessive heat through such mediums as
unprotected steel beams, pipes or air ducts which extend from
involved area to other rooms.

(d) Tire entering partitions or other concealed spaces and
extending to other rooms.

(¢) Ignition of combustibles which are too close to walls or
protected openings.

(f) DBurning through interior doors or walls.

FIRE MAY EXTEND FROM FLOOR TO FLOOR AS FOLLOWS!:
(UPWARD EXTENSION)

(¢) Through any unprotected floor opening either by di-
rect flame contact or by cireulation of heated smoke and air.

(b) Explosion or flash burning of heated smoke, flammable
gases, vapors, dust or contents.
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(c) . Tire entering partitions or other concealed spaces and
extending to upper floors or attie.

(d) F‘Iames coming from windows or other exterior openings
and entering upper floor through unprotected openings.

(e) Conduction of excessive heat through such mediums as

unprotected steel supports, pipes or air duets which extend
from floor to floor.

(f) Ignition of combustibles which are too close to pro-
tected openings.

(¢) Burning through floor.

(DOWNWARD EXTENSION)

(a) Explosion or flash burning of heated smoke, flammable
gases, vapors, dust or contents.

(b) Sparks or burning materials falling through vertical
shafts or other floor openings.

(¢) Conduction of excessive heat through such mediums as

unprotected steel supports, pipes or air duets which extend from
floor to floor.

(d) Collapse of roof or floors.

(e) Burning through floor.

. An air conditioning or any forced draft ventilating or heat-
Ing system may contribute to extension of fire. Operation of
such a system should be stopped immediately upon discovery
of smoke or fire within a building. Modern systems are usually
ﬁ-tted with automatic devices which elose a system when the
circulating atmosphere becomes contaminated with smoke or
contains excessive heat.

A. properly designed automatic sprinkler system usually
proxtldes an effective type of permanent protection against ex-
tension of fire within a building, Permanent protection is also
provided by interior walls of fire-resistive construcetion with all
vertical and horizontal openings protected by automatic or
self-closing doors. Information regarding standards and limita-
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tions of these types of permanent proteetion can he obtained
from the NFPA Fire Protection Handbook.

Both officers and firemen should have sufficient knowledge
of building construction to enable them to estimate the fire-
fighting hazards inherent to various types of construetion. The
problem of confining a fire in a public, industrial, commercial
or apartment building will be greatly simplified if a eommand-
ing officer and members of his stafl have adequate knowledge
of its construction, occupaney and contents. If provided with
a Block Plan, a commanding officer and members of his staff
can recall to mind quickly the essential facts pertaining to an
involved building. From their knowledge of construction and
degree of involvement, they should estimate the probabilities of
collapse of roof, floors or walls. Where such probabilities are
present, officers and firemen should be on the alert for any indi-

cation of weakening of the structure.
Excessive heat is the factor that enables fire to extend to

uninvolved sections of a building. The most practical method
of dealing with an accumulation of excessive heat within an
involved building is by the proper employment of the i?fdﬁ?é
method of attack. A thorough study of Chapter VII—
VenTiLaTION, (Page 53), and of the book Attacking and Ez-
tinguishing Interior Fires is recommended.

Once o fire has gained access to partitions or floor joist
spaces, it can extend to uninvolved seetions of a building unless
such spaces are fitted with fire stops. The presence of lint and
dust within the spaces affords ready fuel to support rapid ex-
tension. Discoloration of plaster usually indicates the spaces
through which the fire has extended. Checking of walls and
ceiling by feeling with the hands will indicate any spaces which
contain excessive heat. Involved spaces should be opened and
necessary extinguishing action taken. Care should be exer-
cised to trace all possible avenues of extension to make sure that
fire has not extended beyond these points.

PRINCIPLES AND SUGGESTIONS

1. If an involved building is protected by a sprinkler sys-
tem, determine if sprinklers have opened. If necessary, system
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should be provided with adequate volume and pressure from
fire department connection.

2. In hazardous types of occupancy, if practical, individual
sprinklers from which water is no longer required should be
closed by tongs or other closing device. The system should re-
main in service until firemen have completed extinguishment
and have checked the building.

3. If an involved building has air conditioning or any
forced draft system and the system is operating, immediate
action should be taken to shut it off.

4. Locate the area of major involvement and determine the
phase of development of the fire.

5. If there is an accumulation of excessive heat within the
building, the indirect method of attack should be employed.

6. Conventional methods of ventilation should not be em-
ployed until after excessive heat has been transferred to the
outside atmosphere by use of fog nozzles.
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CHAPTER VI

EXTINGUISHMENT

XTINGUISHMENT includes those aperations which are

required in attacking and extinguishing the main body of
fire,

In making the size up, a commanding officer should con-
sider and evaluate the following hasic factors:

(a) Nature of the involved fuel — this factor determines
the type of extinguishing agent that should be employed.

(b) Quantity of fuel involved — this factor indicates the
volume of extinguishing agent that will be required.

(¢) Physical arrangement of the involved fuel — this fac-
tor determines the method that should he employed in apply-
ing the extinguishing agent.

The basic prineciples pertaining to attacking and extinguish-
ing the following types of fire will be reviewed:

Buildings

Flammable gases and liquids

BUILDINGS

Building fires usually involve ordinary solid combustibles
which require the use of an extinguishing agent that has a high
heat absorbing capacity. Water, in liquid form, possesses
properties which enables it to absorh more heat per unit than
most known substances. Itisthe most practieal and economical
medium that can be employed in controlling and extinguishing
fires involving ordinary solid combustibles. A high percentage
of vaporization is the kev to the suceessful employment of
water as a controlling and extinguishing agent. Water which
fails to vaporize contributes little toward extinguishment;
it is the water which is converted into stcam that extinguishes
the fire. This factor is so important that every effort should be
made to obtain a high percentage of vaporization in combating
both interior and exterior fires. Wherever water is employed
as a eontrolling and extinguishing agent it should be applied
in a form and at a rate which will insure the highest percentage
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of vaporization that can be attained under existing eircum-
stances. YWater is the only answer to the problem of controlling

and extinguishing major fires involving buildings and other
ordinary solid combustibles, therefore. the only road to greater
extinguishing efficiency is by increasing the percentage of

vaporization.

INTERIOR FIRES

The most practical and effective method of combating
major interior fires is by the proper employment of the indirect
method of attack using the vaporization and expansion of
water particles from fog nozzles to absorb and transfer heat
and thus extinguish fire. A thorough study of Attacking and
Extinguishing Inlerior Fires is recommended.

SPRINKLERED BUILDINGS

If a properly designed sprinkler system functions effec-
tively there shouldn’t be an acetmulation of excessive at-
mospherie heat within the involved building, Entry should be
made and the necessary volume of water applied directly to
the burning combustibles. If necessary, adequate volume and
pressure should be maintained by pumping through the fire
department connection. After the fire has been extinguished
sprinklers should he closed by use of tongs or wooden wedges
until overhauling has been completed. Tused heads should be
replaced and the system returned to service before hose lines
are removed from the building.

UxcoNFINED BUILbING FIRES

Tlame production can develop very rapidly within a build-
ing if exhaust and air-intake openings arve sulficient in size and
<0 located that the burning fuel can obtain an adequate oxygen
supply by circulation of air from the outside atmosphere. Fx-
tinguishment depends on attaining the following objectives:

(@) Therate at which heat is transferred to the water being
applied must exceed the rate of production minus the natural
loss of heat by radiation and convection to the outside. This
means that water must be applied in a form and at a rate which
will reduece to a major degree the volume and intensity of flame
production.

$

EXTINGUISHMENT 43

(b) Residual heat within the building must be reduced to
a degree which will allow fire-fighting personnel to enter and
extinguish the remaining fire.

In sizing up a fire of this nature a commanding officer should
estimate his capabilities of concentrating sufficient volume of
water to accomplish these objectives or to control the rate ol
burning to an extent that would prevent involvement of ex-
posures. He should consider the size and height of involved
building, construction, nature and quantity of contents, rate of
burning, extent of destruction, water supply, pumping capacity
and other essential facts. In many instances the only practical
course of action is to proteet exposures and allow the fire to ex-
tinguish itself by consuming the involved fuel. In some cases
it may be possible to afford adequate protection for exposures
and to attack and extinguish the fire in one or more sections of
an involved building. It is far better to attain a limited ob-
jective than to waste available resources attempting to attain
the impossible.

H. V. Muhlmann, Parkersburg, 1V, Va.

Monitor unit projecting 30° angle cones
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A commanding officer should estimate the probabilities of
collapse of roof, floors or walls. Lven with the most skillful
employment of water fog, it 1s impossible to obtain ag high a
percentage of vaporization where a huilding is well ventilated
as is possible in a closed or partly ventilated building. The vol-
ume of unvaporized water or “run-off” must be considered in
relation to the nature and quantity of contents and their sus-
ceptibilities to absorption and expansion. Where such prob-
abilities exist operations should be conducted with due con-
cideration for the safety of personnel. Monitor units offer the
most practical answer to the problem of operating nozzles from
hazardous positions. Onee a monitor unit has been placed and
the nozzle or nozzles directed, personnel can be withdrawn if
necessary. The loss of a monitor unit would be minor in com-
parison to the loss of life or a picce of motorized equipment.

An “indirect attack’’ (see page 42) offers the most practical
and effective method of attaining objectives (¢) and (b). The
techniques of the indirect attack are as applicable in combating
unconfined building fires as they are to fires involving closed or
partly ventilated buildings. A much higher rate of application
will be required to overcome the rate of heat production. Indi-
rect application should be made through more openings than
where a higher degree of confinement exists. An indirect attack
should be made in each floor area starting with the first floor of
involvement. Some degree of indirect application will be ob-
tained on upper floors but the plan of operation should be
formulated in anticipation of an indirect attack being recuired
in each floor arca. The effectiveness of the attack can be esti-
mated by the volume of condensing steam being exhausted from
the building. An extinguishing efficiency of 50 per cent will re-
sult in the generation of over 100 cu. ft. of steam per gallon of
water injected into the involved building. Properly equipped
and trained personnel can obtain a fair percentage of vaporiza-
tion in combating unconfined building fires.

Many fire departments are able to attain a high degree of
efficiency in combating small and medium sized fires but fail to
utilize their resources effectively in combating major fires. Iire-
ground experience in combating major fires is too limited to
enable officers and firemen to develop a high degree of efficiency.
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Here is a training problem that few departments have at-
tempted to solve. An adequate solution for this problem ean
not be obtained solely from classroom instruction. Major fires
usually require the employment of more than normally assigned
units. Actual field training of multiple units, under capable
supervision, in solving taetical problems appears to offer the
only practical system of correcting this deficiency. This system
of training would pay enormous dividends on the fireground
providing it was planned properly and conducted in a practical
and resourceful manner.

PRINCIPLES AND SUGGESTIONS

1. Fire-fighting personnel should be trained in the use of
both fog cones and solid streams and should have a clear under-
standing of the advantages and limitations of cach form of
application.

2, Tire-fighting personnel should be trained in the art of
attacking, controlling and extinguishing fire by the use of water
fog. This training should be conducted under as near actual
fire-fighting conditions as are possible to attain. Skill and con-
fidence are essentials to the suceessful employment of water fog
and this method of training is necessary for the development of

these essentials.

3. Care should be exercised in placing of pumping units to
insure that maximum volume and pressure are available on the
fireground.

4, Supervision should be exercised on the fireground to
insure the following:

(a) Nozzle pressures sufficient to produee cffective fog
COTIeR.

(b) That nozzles are operated from positions which will
enable operators to obtain effective results.

(¢) That fog cones are dirceted and manipulated to obtain
maximum controlling and extinguishing action from the water
being projected.

(d) That under existing circumstances the most eflcctive
form of application (fog cone or solid stream) 1s being employed.
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(¢) That where practical in combating major exterior fires
large volume fog nozzles should be operated from windward
side of fire in order to obtain maximum reach and coverage.

FLAMMABLE GASES AND LIQUIDS
Fraysnranre Gases

A flammable gas cannot ignite or burn until it obtains a
proper air mixture. This mixture of air and gas must be within
the explosive (burning) range of the particular gas before igni-
tion ean occur. If a compressed gas is escaping from a container,
burning can oceur only outside the container where the gas is
obtaining a proper air mixture. Where a container of com-
pressed gas is exposed to flame or heat, heat will be transmitted
to the compressed gas resulting in an inerease of pressure within
the container. An approved type of container is fitted with a
relief valve or other device designed to release at a prede-
termined pressure. A pressurc rupture can occur if relief de-
vice fails to function or the gas is being heated so rapidly that
the relief opening is inadequate to relieve the pressure. Con-
tainers of compressed gases involved in fire or exposed to a
hazardous degree of heat should be cooled by application of
water. Wherever practicable water fog should be used.

Liquefied petroleum gas is transported in large volumes over
highways, railroads and waterways. It is used in manufactur-
ing processes, for commereial and domestic heating and as
motor fuel. The major hazard is a release of a large volume of
gas which, being heavier than air, may extend over a wide area
before eoming in contact with a source of ignition. In a popu-
lated arca, this gas will enter basements and ground-level
spaces. Once a source of ignition is encountered the entire gas
covered area will be involved in fire and explosions may oceur
in basements and other low-level enclosures.

The only practical method of combating a fire involving
escaping liquefied petroleum gas is to employ sufficient vol-
umes of water fog to control the rate of burning, to cool the con-
tainer, and to protect exposures from flame contact and radiant
heat. Tog cones should be used to “place a 1id’”? on the burning
gas allowing the gas to continue to burn as it escapes from the
container. This type of fire should not be extinguished but
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should be controlled until the flow of gas ean be stopped or the
supply has been exhausted. Ilxtinguishment may create a more
serious situation than by allowing the fire to continue until the
available fuel has been consumed. The rate of application of
water fog is dependent upon the volume of burning gas. Where
a considerable volume is escaping, large volume fog nozzles will
he required and hand-operated fog nozzles should be used to
proteet personnel and to extinguish fires involving exposed
combustibles.

Where the flow of gas ean be stopped by closing a valve or
valves, it may be possible to afford sullicient protection from
flame and radiant heat to enable a fireman to approach the
valve behind a shield of water fog. Where extinguishment is de-
sirable and will not ereate a hazardous situation, dry chemical
powder under pressure is very effective. The operator should
be shielded by fog cones and should approach the opening from
the direetion in which the gas is flowing. When within effcetive
range dry chemical powder should be directed into the Aowing
gas so that the powder will be funnelled into the mass of flame.
Carbon dioxide can be used but due to its limited reach a eloser
approach will be necessary.

Framyanre Liquins

The following factors should be considered and evaluated
by a commanding officer in sizing up a {lammable liquid fire:

(@) Characteristies of the liquid or liquids involved and
exposed.

(b) Quantity of liquid involved and exposed.

(¢) Thysical arrangement of involved and exposed liquids.

The characteristics of the Oammable liquid imvolved will
determine the extinguishing agent or agents which will be most
effective in controlling and extinguishing the fire. The im-
portant characteristies which govern the conduet of a flam-
mable liquid are: specific gravity, explosive range, ignition
temperature, vapor density, flash point, viscosity and miseibil-
ity with water. The quantity involved and exposed will indi-
cate the volume of controlling and extinguishing agent or
agents which will be required. The physical arrangement will
determine to a major degree the techniques of employing the
controlling and extinguishing agent or agents.
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A flammable liquid will expand in volume as its tempera-
ture is increased and will contract in volume as its temperature
is lowered. An increase in temperature of the liquid in a full or
nearly full container may cause sufficient expansion to cause an
overflow {frem the vent opening. An inerease in temperature of
a liquid in an unvented container may cause sufficient increase
in pressure to rupture the container. Rupture of a vented con-
tainer can occur if the liquid is heated so rapidly that the open-
ing is insufficient to keep internal pressure below the rupturing
point. Tanks and other containers, when exposed to flame or
heat, should be protected from this hazard by the application of
water especially in the form of fog or spray.

The rate of vaporization is governed by the vapor pressure
of the particular liquid and the area of liquid surface that is ex-
posed to the atmosphere. Low flash point liquids have higher
vapor pressures than those having higher flash points. An in-
crease in temperature of a liquid will inerease its vapor pressure
resulting in an increased rate of vaporization. Due to their
density the vapors of several common flammable liquids tend
fo coneentrate at the lowest level. Hazardous concentrations
may remain for a peried of time within confined spaces. IForeed
ventilation may be required to effect dilution and diffusion of a
hazardous concentration in a basement or similar space. The
presence of a hazardous concentration of flammable vapors can
be determined by the use of an explosimeter, combustible gas
indicator or flame safety lamp,

An explosion resulting from rapid combustion cannot occur
within a full container of flammable liquid but a pressure rup-
ture can oceur if the container is exposed to flame or a hazardous
degree of heat. Explosions within partly filled containers of
low flash point liquids are rare for usually the mixture of vapor
and air is too “rich” to burn. Burning can cccur near the vent
or other opening where the vapor is obtaining a proper air mix-
ture but the mixture within the container usually containg in-
sufficient oxygen to support combustion. Iixplosions can cecur
within empty containers or in containers from which low flash
point liquids are being removed rapidly, under these conditions
it is possible for an explosive mixture of vapor and air to de-
velop. Where a vapor-air mixture is burning at an opening,
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there is no immediate danger of an explosion occurring within
the tank. If the mixture within the container had been within
its explosive range an explosion would have oceurred immedi-
ately following ignition at the opening.

Flammable liquids having flash points above 100° F. can be
extinguished readily by the use of water fog providing the water
can be applied to the entire liquid surface at a sufficient rate.
Flammable liquids having lower flash points are more difficult
to extinguish by the use of water fog. The rate of burning can
be controlled by the proper application of water fog but condi-
tions must be very favorable to obtain complete extinguish-
ment. Reignition ecan occur unless exposed steel and other
solids are cooled to below the ignition temperature of the par-
ticular flammable liquid. Flammable liquids which have a suf-
ficient degree of viscosity ean be extinguished readily by the use
of water fog. Crude, lubricating and the heavier grades of fuel
oils have a sufficient degree of viscosity to cause froth to form
on the surface of the oil when water particles are applied. This
froth is formed by water particles being converted into steam
in the upper stratum of heated oil. This froth disintegrates
very rapidly and reignition can occur if exposed metals or other
solids retain enough heat to be above the ignition temperature
of the particular liquid. These liquids are susceptible to “boil-
overs” which may spread the fire and endanger personnel. A
“hoilover” can be caused by applying too much water or can
oceur when the heat wave extends into the liquid near the bot-
tom of the tank. Skillful application of water fog is required
where open containers of these liquids are involved. Iires in-
volving asphalt ean be extinguished readily by the careful ap-
plication of limited volumes of water fog. Heated asphalt is
very susceptible to “boilover’” and speeial care must be ex-
ercised where asphalt is in an open container. To avoid a “boil-
over’ the volume of the container above the liquid level must
be greater than the volume of steam generated within the
heated liquid. A cubie inch of water expands into almost a
cubic foot of steam.

Mechanical (air) foam is very effective in extinguishing
fires involving most of the common flammable liquids. Ordi-
nary mechanical and chemical foams are ineffective on fires in-
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volving aleohol, acetone, carbon disulphide or ether. When
ordinary foams arc applied to the surface of these liquids a
chemical reaction occurs which causes the bubbles to disinte-
grate. There are special foams which are effective on fires in-
volving these liquids. Carbon disulphide being heavier than
water can be extinguished by flowing water gently over the in-
volved surface. This is a practical method of extinguishing a
fire in an open container where this liquid is involved. I'lam-
mable liquids which are miscible with water, such as alcohol
and acetone, can be extinguished by diluting the involved
liquid with water. This method would not be practical in a con-
tainer where the volume of water required to effect extinguish-
ment would exceed the remaining capacity of the container. A
low-expansion type of mechanical foam is very effective in ex-
tinguishing gasoline and similar low flash point liquids when
applied in the form of fog. Water treated with the proper per-
centage of a standard wetting agent and applied in the form of
fog is also effective in controlling and extinguishing fires involv-
ing gasoline and other low flash point liquids.

Dry chemical powder under pressure is a very effective
agent for extinguishing fires involving low flash point liquids.
Where a low flash point liquid is involved, water fog ean be used
to protect personnel from radiant heat, to control the rate of
burning, and reduce the heat content of exposed metals and
other solids. Dry chemical powder can then be employed to
effect complete extinguishment.

Gasoline and other low flash point liquids are transported
and stored in large volumes. Release of a large volume of gaso-
line will present a serious problem if buildings and motor-
vehicles are exposed. The techniques and precautions recom-
mended for dealing with liquefied petroleum gas are applicable
in situations involving gasoline and other low f{lash point
liquids. One practical method of disposing of a large volume
of flowing gasoline may be to direct it into a storm sewer open-
ing. Care should be taken to prevent ignition of vapors within
the sewer and after it has escaped from the sewer outlet. It will
be necessary to use plenty of water to clear the sewer of gaso-
line and vapor. '
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H, V. Muhlmann, Parkersburg, W,

Two large adjustable pattern fog nozzles projecting fog cones from
monitor unit. Total discharge approximately 800 U. S. gallons per minute,
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PRINCIPLES AND SUGGESTIONS

1. Fire-fighting personnel should be familiar with the re-
action of lammable gases and liquids under fire conditions.

2. Fire-fighting personnel should have adequate knowledge
regarding the characteristics of the various flammable gases and
liquids with which they have to contend.

3. Tire-fighting personnel should receive practical training
in the use of their specialized extinguishing agents.

4. Tire-fighting personnel should receive practical training
in controlling liquefied petroleum gas and gasoline fires by the
use of water fog.

33
CuarrER VII

VENTILATION

VENTILATION includes those operations which are re-

quired to displace a heated and contaminated atmosphere
within an involved building with normal air from the outside
atmosphere.

Tire (combustion) is a chemieal reaction in which oxygen
combines with fuel at a rate sufficient to produce both heat and
light. The essentials of this process are: (a) Fuel — any com-
bustible gas, liquid or solid; (b) Oxygen — sufficient in volume
to support the process of combustion and usually supplied
from surrounding air; (¢) Heat — sufficient in volume and in-
tensity to raisc the temperature of the fuel to its ignition or
kindling point. Normal air contains approximately 21 per
cent oxygen by volume and this percentage is sufficient to
support active flame production. A decrease of oxygen in the
surrounding atmosphere results in a corresponding decrease
in the rate of fuel consumption and flame production. Flame
production ceascs when the oxygen content of the surrounding
atmosphere deereases to approximately 15 per cent. Fires in-
volving gases and liquids are extinguished completely when
flame production ceases but this is not true in the burning of
solid combustibles. When the temperature of a solid [uel is in-
creased sufficiently, the volatile products of the fuel are re-
leased in gaseous form. Flame results from the burning of the
gases and vapors after they have obtained a proper air mixture.
Although flame production ceases when the oxygen content of
the surrounding atmosphere falls below 15 per eent, smoulder-
ing burning of the solid residue will eontinue in an atmosphere
containing o much lower percentage of oxygen. Smouldering
burning is characterized by a slow rate of fuel consumption,
limited heat generation and production of smoke in consider-
able volume. Ilame produetion is necessary for rapid genera-
tion of heat and the development of high temperatures except in
the burning of charcoal or other pure carbons. Pure carbons
will burn without producing either flame or smoke and under
favorable conditions of combustion will generate heat very

rapidly.
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In the burning of ordinary combustibles, the necessary oxy-
gen is obtained from the surrounding air. There are certain
combustibles such as gun or blasting powder, pyroxlin plastics,
nitrecellulose film and similar materials which are exceptions to
this rule. The burning of these materials is not dependent en-
tirely upon the presence of oxygen in the surrounding at-
mosphere since they contain oxygen in a form which will sup-
port combustion. Some materials will continue to burn in an
atmosphere containing less than 15 per cent oxygen but for all
practical fire-fighting purposes, it may be stated that flame pro-
duction ceases when the oxygen content of the surrounding
atmosphere is reduced to about 15 per cent.

Smoke released in the burning of ordinary combustibles
consists of a mixture of vapors and gases in which minute par-
ticles of ecarbon, tar and ash are suspended. Smoke is a product
of incomplete combustion. All smoke is toxie to some degree
and is an irritant to the respiratory system avnd eyes. There is
usually some carbon monoxide present in smoke and the amount
may vary from a small trace to a deadly percentage depending
upon conditions of combustion. Smoke contains unburned fuel
and when mixed with air in proper proportion may become a
flammable mixture. If a flammable mixture of smoke and air
develops within a confined space, this mixture may ignite and
burn with explosive force. This type of rapid combustion
within a confined space is referred to as a smoke explosion or
back draft.

Oxygen is necessary to support life and man’s efficiency is
impaired when required w work in an atmosphere containing
less than the normal percentage of oxvgen (217;) and his dis-
comfort will increase as the percentage decreases. A {lame
safety lamp can be used to determine an oxygen deficiency.
The flame will lose two-thirds of its brilliancy when the oxygen
content of the surrounding atmosphere decreases to 19 per cent
and the flame will be extinguished when the oxygen content
falls to about 16 per cent. A dangerous concentration of ir-
respirable gases may be present long before the oxygen content
falls to 16 per cent. No one should enter an atmosphere con-
taining less than 16 per cent oxygen without being protected
with a self-contained oxygen breathing apparatus or fresh air
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hose mask. A filter type or all-service mask ean be used to pro-
tect against the toxic and irritating properties of smoke but
should not be used in an atmosphere where an oxygen defi-
ciency exists. (See Report of NFPA Committee on Fire Gas
Research, 1952, 32 pp., 756 cents, National TFire Protection
Association.)

A building under normal conditions contains fuel (usually
solid combustibles), oxygen (219, in normal air) and heat
(normal atmospheric temperature). Once the heat content of a
portion of the fuel is increased to an excessive amount (suffi-
cient in volume and intensity to actuate self-sustained combus-
tion), the fuel combines with oxygen from the surrounding air
and a destructive fire is under way. Excessive heat is generated
and transmitted to uninvolved fuel either by direct flame con-
tact or by conduction, radiation or conveetion. Here it is ad-
visable to review briefly what actually oceurs within a closed
building during the progress of a destructive fire. An interior
fire may be divided into the following phases:

First Puase — Incipient or smouldering period (Oxygen
content of interior atmosphere approximately normal,
21 per cent).

If ignition occurs from flame or the involved fuel consists of
flammable gases or vapors, this phase of development would not
apply. It does apply to fires involving solid fuels where ignition
results from a small source of heat. This phase of development
is characterized by the following conditions:

(a) Smouldering may continue for a period ranging from a
few seconds to several hours before flame produetion develops.

() Heated smoke will be released by the smouldering fucl
and will move to the upper level of the space but loses much of
its heat content by transfer to cooler atmospherc and solid
materials.

(¢) There will be little, if any, decrease in the oxygen con-
tent of the interior atmosphere.

(d) Little, if any, increase in the average temperature of
the interior atmosphere will oceur.

(¢) The major damage will be caused by smoke.
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Seconp PPHASE — Flame production period (Oxygen con-
tent of interior atmosphere ranging from 21 to 15 per
cent.)

This phase of development is characterized by the following

conditions:

(a) Rapid increase in the rate of fuel consumption and heat
generation.

(b) Period of rapid extension and major destruction.

(¢) Heat content of the interior atmosphere increases
rapidly causing it to expand in volume. If the rate of expansion
exceeds the rate of escape, interior atmospheric pressure will
become greater than that of the outside atmosphere.

(d) This increase in pressure amounts to only a fraction of
a pound per square inch but may exert sufficient force to cause
an outward rupture of window panes which have been weakened
by excessive heat.

(¢) Major concentration of excessive heat will be loeated
at the upper atmospherie level within the area of major involve-
ment.

(f) If the fire fails to effect an opening or openings to the
outside atmosphere, oxygen content of interior atmosphere will
decrease rapidly.

(¢) Volume of flame production will decrease in proportion
to decrease in oxygen percentage of interior atmosphere, Smaoke
production will increase.

(h) When oxygen content of interior atmosphere falls to
about 15 per eent, flame production will cease.

THIRD PHASE — Smouldering period (Oxygen content of in-
terior atmosphere less than 159;.)

There are only a limited number of fires that enter this
phase and they are usually within basements or in buildings of
fire-resistive construction. Nlost fires within closed buildings
arc able to break through to the outside atmosphere during the
flame-production period. The third phase is characterized by
the following conditions:

(a) Decrease in rate of fuel conswmmuption and heat genera-
tion.
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(b) Some loss of atmospheric heat due to absorption by
cooler solid materials within the space and by conveetion and
radiation to outside.

(¢) Loss of heat may be sufficient to cause contraction in
volume of interior atmosphere, thereby causing interior at-
mospherie pressure to fall below that of the outside atmosphere.
This differential in pressure may be sufficient to eause inward
rupture of window panes which have been weakened by exces-
sive heat.

(d) If window panes remain intact, pressures will be equal-
ized by seepage of air from outside atmosphere.

(e) Atmosphere will stratify according to heat content, the
major accumulation of excessive heat will be located at the
upper atmospheric level within the area of major involvement.

(f) Smouldering burning will continue and the interior at-
mosphere will become heavily charged with smoke eontaining a

hazardous percentage of carbon monoxide.

(g) Interior atmosphere may contain sufficient fuel to
form a flammable mixture with air. The third phase appears to
produce the basic factors of a potential smoke explosion. a

(h) A building is not air tight, therefore, some exchange of
atmospheres between the interior and outside will occur after a
fire has entered its third phase. There appears to be a continu-
ous fluctuation between a negative and positive pressure due to
contraction and expansion of the interior atmoesphere; smoke
being ejeeted during expansion periods and air seepage oecur-
ring during contraction periods. Intermittent {lame production
will oecur at or near the points where air is obtained from the
outside atmosphere. In time, a fire will burn through to the
outside. This will allow sufficient ecireulation between the in-
terior and outside atmospheres to enahle the fire to reenter its
second phase (active flame produetion).

I'TIER flame production has developed within a confined

space (second and third phases), the following conditions
may be anticipated:

(a) Excessive heat will aceumulate at the upper atimospheric
level throughout the area of major involvement. This stratum
of heated atmosphere will become heavily charged with smoke
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and may extend downward from the ceiling for a depth of zev-
eral feet. In various fires, the upper layer of this stratum may
vary in temperature from a few hundred degrees to over
1,500° F. depending upon a number of variable factors. In a
paltlculal fire, the temperature of this stratum may range from
about 300 at its lower level to over 1,500° F. at the ceiling.
Within & confined space of ordinary ceiling height, the atmos-
pherie and surface temperatures at the upper level may ex-
ceed 1,500° . while the temperature at and near the floor level
may be less than the boiling point of water (212° I'.).

(b) Within the arca of major involvement the smoke con-
tent of the atmosphere will be of sufficient density to prevent
adequate visibility.

(¢) Within the arca of major involvement the atmosphere
will eontain less than the normal percentage of oxygen and will
Lave toxic and irritating properties.

EFORE fire-fighting personnel can enter and operate within

the area of major involvement, it is necessary to take some
action to aceomplish the following objectives:

(@) Lliminate or reduce the probabilities of a smoke ex-
plosion.

(b) Increase the degree of visibility to an extent which will
enable personnel to operate within the building.

(¢) Reduce the interior temperature to o degree which will
allow personnel to enter and work within the building.

(d) Provide an interior atmospliere containing a normal
pereentage of oxygen.

(¢) Reduce the toxic and irritating properties of the interior
atmosphere to an extent which will enable personnel to operate
without respiratory protection or with all-serviee (filter-type)
masks.

T HAS been an accepted practice to employ direct ventila-
tion in an effort to accomplish these objeetives. Direct
ventilation is obtained by providing exhaust and air-intake
openings, adequate in size and properly located, to allow venti-
lating currents to develop between the interior and outside
atmospheres. Heated smoke and air escaping through the ex-
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haust opening or openings while cool air from the outside at-
mosphere is entering through air-intake openings causes di-
rect displacement of the interior atmosphere with normal air.
Some fire departments have experimented with mechanical
devices, such as exhaust fans and smoke ejectors, to accelerate
the process of direct displacement. Direct displacement of an
interior atmosphere by air from the outside atmosphere will be
referred to in this text as “conventional methods of ventila-
tion.”

After a fire has entered its second phase and the volume of
flame production has developed sufficiently to produce an
accumulation of execessive heat within the area of major in-
volvement, there are certain definite risks incurred by direet
displacement of the interior atmosphere with normal air. Circu-
lation of air frem the outside atmosphere through the area of
major involvement will provide sufficient oxygen to support
active flame production. Illame production will extend quickly
to all combustibles which are heated to, or above, their burning
temperatures. A fire may extend its boundaries beyond control
before adequate extinguishing action can be taken. If a fire has
entered its third phase, admission of normal air may result in a
smoke explosion.

It should be noted that excessive heat is the factor which
ereates abnormal conditions within an involved building.
Excessive heat is responsible for the origin of the fire, for its
extension and continuation. Lxcessive heat is tho hLu d eore of
the problem of controlling and extinguishing major mtenm

fires. Regardless of how skillful conventional methods of venti-

lation are employed, they provide neither a logical nor practical
solution to the problem of displacing a contaminated atmo-
sphere which contains exeessive heat. There 1s a scientific and
practical method of transferring exeessive heat [rom the interior
of an involved building to the outside atmosphere. In the
process of transferring excessive heat to the outside atmosphere,
a heated and contaminated atmnosphere is displaced by an inert
atmosphere of steam. An inert atmosphere is maintained
within the area of major involvement until the transfer of ex-
cessive heat has been completed and then the steam condenses
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and is replaced by normal air from the outside atmosphere.
This method, if employed properly, creates a chain reaction
within the area of major involvement which results in the ex-
tinguishment of surface burning, provides an atmosphere of
normal air, reduces the interior temperature to a degree that
will enable personnel to enter the building and extinguish spot
fires and smouldering burning. This method of displacing a
heated and contaminated atmosphere appears to offer a prac-
tical solution to the problem of preventing smoke explosions.

These results are obtained by injecting water, in the form of
finely divided particles, into the upper stratum of the interior
atmosphere within the area of major involvement. This is
known as the “indirect method of attack” and complete in-
formation is contained in the book, Attacking and Extinguishing
Interior Fires.

PRINCIPLES AND SUGGESTIONS!

1. If necessary to increase the degree of visibility, conven-
tional methods of ventilation (direct displacement) may be
eniployed while a fire is in its first phase.

2. Conventional methods of ventilation may be employed
after a fire has entered its second phase providing flame produc-
tion has not progressed sufficiently to have developed an ac-
cumulation of excessive heat within the area of major involve-

ment.

3. If thereis an accumulation of excessive heat at the upper
atmospheric level within the area of major involvement, the in-
direet method of attack should be employed.

4. After an indireet attack has been completed (excessive
heat has been transferred to the outside atmosphere) conven-
tional methods of ventilation may be employed to hasten the
process of condensation, to lower the humidity and to effect
further reduetion of interior temperature.

CrarrERr VIII

SALVAGE

ALVAGE includes those operations which are required to
protect buildings and contents from preventable damage due
to water or other elements.

Salvage operations may be divided into two phases: first,
the operations which are performed during a fire; second, the
operations which are required after the fire has been ex-
tinguished.

SALVAGE SERVICE DURING A FIRE MAY CONSIST OF THE FOLLOW-

ING OPERATIONS!

1. Placing of waterproof covers to protect contents and fix-
tures from water and debris.

Use of waterproof covers to “bag” floor.

Diverting and removing water from the building,.

Protecting contents of building from theft.

5. Removing contents of building where it is impossible
to provide protection within the building. This action
should be taken only where destruction by fire cannot
be prevented or salvage equipment is not available.
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SALVAGE SERVICE AFTER A TIRE IIAS BEEN EXTINGUISHED
MAY CONSIST OF TIE FOLLOWING OPERATIONS:
1. Removing water from floors and basement.
2. Ventilation of building to remove the remaining smoke,
reduce the atmospherie temperature and restore
normal humidity.

3. Removing articles of value from debris.

4, Drying machinery, furniture and other contents.

5. Cleaning and oiling machinery to prevent rusting.

6. Removing debris from building.

7. Application of deodorizing agent to reduce smoke

damage.
8. Shutting off and draining water system where such ac-
tion is necessary to prevent leakage or freezing.
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9. Providing temporary coverage of roof or other openings
to protect interior of building and contents from
weather.

N OFFICER who is assigned to supervise salvage opera-
tions during a fire should consider the following factors in
making his size up of the salvage job:

(a) Height and size of building.

(6) Location of fire and area involved.

(¢) Any condition which would endanger the safety of per-
sonnel engaged in salvage operations.

(d) Nature and value of contents.

(¢) Permanent protection against water damage (water-
proof floors, scuppers, contents on skids).

(f) Estimated volume of unvaporized water or ‘‘run-off.”

(g) Personmel and salvage equipment available.

He should give due consideration to these and other essen-
tial factors in making his decision and formulating a plan of
operation.

In a multiple-story building eoverage should be started on
the floor directly below the involved arca if the nature of the
contents and values justify sueh action. If possible the “run-
off” should be diverted from the building or contained by
“bagging’’ the floor.

The “run-off’” is the major problem in salvage operations
and the most practical answer to this problem is to increase the
pereentage of vaporization in attacking and extinguishing build-
ing fires. Itach gallon of water which is exhausted from an in-
volved building in the form of steam has exerted its maximum
extinguishing action and has caused no appreciable damage to
either the building or contents. Skillful employment of the in-
direet method of attack will reduce the volume of “run-off” and
will contribute materially in solving the salvage problem. Pre-
ventable damage can oceur where an indirect attack is em-
ployed if steam comes into contact with ceiling and walls hav-
ing temperatures below the boiling point of water. Steam will
condense on the ceiling and walls. This condensation will con-
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tain carbon, tar and ash particles. If contents arce susceptible to
damage from dripping of condensation, covers should be spread
to protect contents until condensation has been removed.

In industrial plants, stores or public buildings where con-
siderable salvage work will be required after a fire has been
extinguished, cooperation and assistance of management and
employees may be required to complete the job. The Standard
Fire Insurance Policy provides that the insured is responsible
for protecting his property from damage after a fire has been
extinguished. Owners should be advised of this requirement
and reasonable assistance rendered to the owner by the fire
department.

I, V. Muhlmann, Parkersburg, W. Va.
A large adjustable fog nozzle operating from ladder pipe.
100 pounds per square inch nozzle pressure — volume in excess of 700 U.5.
gallons per minute.
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PRINCIPLES AND SUGGESTIONS:

1. The most practical method of reducing water damage is
to jattam a high percentage of vaporization in attacking and
extinguishing building fires.

2. Salvage operations should be performed by trained per-
sonnel and supervised by a qualified and resourceful officer.

3. Adequate knowledge of building and contents is neces-
sary in conducting efficient salvage scrvice in oecupancies other
than dwellings and apartments.

4, _Adequate personnel and equipment are essentials in
rendering prompt and efficient salvage service.

CuaprTeEr 1X

OVERHAUL

OV ERHAUL includes those operations which are required to
complete the extinguishment of remaining fire, prevent
rekindling and to place the building in a safe condition.

Efficient salvaging and overhauling will contribute much
toward selling a fire department to the citizens of its com-
munity. Salvage service after a fire has been extinguished
and overhauling are closely related and blend together to a
certain extent. Considerable time and labor may be required to
complete these two phases of fire-fighting tactics but they never
should be omitted or performed in an incflicient manner.

A commanding officer should give consideration to the fol-
lowing factors in sizing up a situation:

1. The structural condition of the building in view of pre-
venting injuries to personnel engaged in after-fire salvage and
overhauling.

9 What actions are necessary to extinguish remaining fire
and to insure that re-ignition cannot occur?

3. The point of origin and source of ignition, if possible to
determine.

4. Where there is cvidence of incendiarism, photographs
should be taken before removing debris. Care should be exer-
ciced in scarching for and safeguarding evidence of incendi-

arism.

5. How debris is to be handled and where it should be
placed.

6. Walls or chimneys damaged to a degree that would en-

danger life or cause damage to adjoining property or might
cause future fires. If so, what action should be taken to remove

such hazard?

7. What action is necessary to correct any unsafe condition
within the building such as loose or water-soaked plaster,
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broken or heat-damaged glass in doors or windows, holes in
floors, open vertical shafts or other hazards?

8. The time and personnel required to complete the job.

9. Assistance required from management and employees
in oceupancies other than dwelling and apartments.

Once the main body of fire has been extinguished, small lines
fitted with small volume nozzles should be placed in serviee.
Care should be exercised to prevent unneccessary damage in
extinguishing remaining fire. Smouldering debris should not be
washed with hose streams. Smouldering articles should he
sorted out and dipped in a bucket or tub of water. Smouldering
mattresses and upholstered furniture may be removed from
building and then extinguished. Seorched or partially burned
articles should be sorted from debris and laid aside. Articles
which have no salvage value may prove useful in preparing an
inventory of loss. Partially burned or damaged records should
be saved.

Where deep-seated smouldering exists in baled cotton, paper
or gimilar materials, treated (wet) water may be used to special
advantage. Special hose units consisting of fifty feet of good
grade one-hall inch rubber hose, equipped with a combination
fog and solid stream shut-off nozzle and fitted with connections
for use on standard water faucets may be used to good advan-
tage in overhauling dwelling and apartment fires. This type of
nozzle delivers from three to five gallons per minute at ordinary
pressure,

PRINCIPLES AND SUGGESTIONS:

1. Take immediate action to complete extinguishment of
remaining fire.

2. Inspect all avenues through which the fire may have
extended.

3. Check all concealed spaces.

4, Remove broken or heat damaged glass {rom doors,
windows and transoms.

OVERHAUL 7

5. Preserve and safeguard any evidence of incendiarism.

6. Check building and contents with owner or authorized
agent to determine if there are reasons to believe or charges to
be made that the building had been entered prior to the time of
fire. Also observe any evidence of theft prior to or during the
fire. This action is important where the fire may be of in-
cendiary origin.

7. If electric wiring is damaged, the current should be
shut off by pulling main control switch. It may be advisable to
have electric company cut service line to building.

8. If natural or artificial gas is supplied to building and the
system has been damaged, gas should be shut off at main valve.

9. Unsafe conditions should be eliminated or proper warn-
ing notices posted before building is turned over to owner and
ocecupants.

10. Where building is protected by automatic sprinkler
system and it is in serviceable condition, fused heads should be
replaced and the system returned to service.

11. Advise owner and occupants regarding existing hazards
and recommend the necessary precautions.

12. Obtain necessary data for official reports.

13. Turn over building and contents to respective owners,
authorized agents or proper police officials.
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CHAPTER X
TACTICAL PROBLEMS AND OPERATIONAL PLANS

THE elementary groundwork for this system of training

should be prepared through organized classes and under
guidance of competent instructors. Trainees should have ac-
cess to necessary reference and study material. This phase of
training should provide each trainee with ample opportunities
to obtain a elear and thorough understanding of the basic
divisions of fire-fighting tacties. This objective should be
attained before any attempt is made to utilize tactical prob-
lems.

The second phase of this system of training should be con-
fined to the use of simple tactical problems. Simplicity should
be the governing factor in preparing problems for use during
this phase of training. An instructor should adhere to the
prineiple of quality instead of quantity in the number of prob-
lems used during a training course. A limited number of prob-
lems properly prepared, solved and discussed will establish a
firm foundation for continuation of this system of training.

The following suggestions should be considered by an in-
structor and members of his staff in preparing, solving and dis-
cussing tactieal problems:

1. All problems should be based on conditions existing in
the community where the training course is being conducted.
Each problem should be based on an actual building, adjoining
buildings and conditions existing in the surrounding area. Solu-
tions should be formulated by the theoretical employment of
personnel, apparatus, equipment and water supply which would
be available to a commanding officer in that area.

2. An instructor should select the building to be used in the
problem. Before attempting to write the problem a complete
tactical survey should be made of the building, adjoining build-
ings and surrounding area by the instructor and members of
his staff. If an operational plan and briefs of essential facts re-
garding the important buildings within the block are available
they should be checked to verify their accuracy. If an opera-
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tional plan is not available one should be prepared together
with briefs of essential facts regarding the building and adjoin-
ing buildings. These should be reproduced for issue to mem-
bers of the class.

3. Each problem should be written in view of illustrating
the application of certain fundamental principles of fire-fighting
tactics. Simple problems designed to illustrate only g limited
number of fundamental prineiples should be used during this
phase of training.

4. A written problem should supply the following in-
formation:

(a) Time of emergency.

(b) Location of the involved building.

(¢) Nature of emergency.

(d) Description of fire to be written to convey to
members of class conditions which could be ob-
served by a commanding officer in making a survey
of an actual fire.

(e) Weather conditions at time of emergency should be
stated in the problem and also such indications of
change as the instructor wishes to include.

(/) Where a problem involves taking command after
units have been committed to action, the action
taken should be fully described in problem.

5. After having written a problem an instruetor should
write his solution and discussion. These should be reproduced
for issue to members of the class after they have completed
their solutions.

6. Each member of the class should be given a copy of the
operational plan together with briefs of essential facts regard-
ing important buildings within the block. Where it is not pos-
sible to provide copies for individual members the original plan
and briefs of essential facts should be made available to mem-
bers of the class. Members of the class should be given an op-
portunity to survey the selected and adjoining buildings. Each
member should be allowed to make such notes and diagrams as
he may desire and to refer to them while preparing his solution.
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7. Instruector should determine the amount of time that
should be allowed for members of the class to write their solu-
tions. Time allowed should be liberal and the amount should
be stated on problem sheet.

S. DMembers of the elass should have no knowledge regard-
ing nature of problem except location of building until they are
handed the problem sheet in eclassroom. They should be al-
lowed to refer to the operational plan, briefs of essential facts
regarding involved and exposed buildings, water distribution
map of surrounding area, and their notes and diagrams. Along
with the problem sheet each should be given a copy of the form
“Size Up — Tactical Fire Problem.” (See page 73.)

9. After members of the class have completed and handed

in thelr solutions they should be given a copy of the instructor’s
solution and discussion.

10. An instructor should eaution members of his class not
to accept his solution as the only practical solution for the prob-
lem. An instructor should stress the fact that there may be

several practical solutions for any tactical fire problem.

11. An instructor should review the solutions submitted,
make appropriate comments in writing and return them. It is
suggested that percentage grading should be avoided but a
broad system of grading may prove desirable.

12. The problem should be reviewed and solutions dis-
cussed by instructor and members of his elass. Here both the
instructor and members of the class will have an opportunity to
benefit from the points developed.

13. Success or failure of this system of training will depend
to a major degree upon the instructor and members of his staff.
A qualified and resourceful instruetor can develop this system
of fraining in an interesting and inspiring manner. An in-
structor and members of his class should realize that this is a
system of mental training which, as the result of repeated use,
will enable an individual to develop a habit of logieal thinking
in estimating a situation on the fireground.
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AFTER officers and members of a department have obtained
adequate basic training in the use of tactical problems this
system of training can be continued without elassroom instruc-
tion. One of the group can bé assigned to prepare a problem
based upon a certain building or group of buildings. The prob-
lem can be given to members of the group with a definite time
limit for return of solutions. A copy of the prepared solution
and discussion should be given to them when their solutions
are completed. Their solutions should be reviewed and re-
turned together with written comments. Later a group discus-
sion should be conducted under guidance of a qualified in-
structor.

Tactical problems could be used to good advantage in ex-
aminations for promotion in departments where this system of
training has been adopted.

The following pages present a suggested form for use in
solving taetical fire problems.

S1ze Ur

Tacrical FIRE PROBLEM

(Building Fire Torm)

Problem Number. ... T Date.... ...

1. TFacrs:

(@) TIME OF EMERGENCY (Month, day, hour) ..

(b) LOCATION OF EMERGENCY (Designated by number and street or olherwise
the location of involved building. Describe briefly any condition which

would interfere with or obstruct OPETALIONS.) oo e

(¢) NATURE OF EMERGENCY (Fire, explosion, smoke.)

{d) LrrE mazanp (State your estimate of number of persens in the involved
building at this time, State if they are in immediate danger. Describe

briefly any condition which would make their escape or rescue difficult.)
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(€)

(g)

(R

EXPOSURES (State your estimate of number of occupants in each adjoining
building. State il they are in immediate danger. State briefly yvour esti-
mate ol the susceplibility of exposed buildings or other materials to igni-

tion or damage from excessive heat.)

BUILDING INVOLVED (State briefly the essential [acts which yvou will con-
sider In Making YOUT SIZE WD.) oo e
rFIReE (Study description of fire as stated in problem. State briefly vour

estimate of floor or floors involved, area of major involvement and phase
of development based upon deseription given in problem and your knowl-

edge of building and contents.). ...

WEATHER (State il weather conditions given in problem will tend to inter-
fere with operations or aflect Lhe situation.). ... —

2. PROBABILITIES:

(a) LIFE mazARD (State your estimate of huzards to occupants of involved

building, exposed buildings, spectators and own personnel; based on your

estimate of luture developments.) ... - -

(b) ExTENSsION OF FIRE (Your estimate of anyv probable extension of fire: first,

to exposed buildings; second, within the involved building.).........

-1
r
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(d)

6]

EXPLOSIONS {Your estimate regarding this hazard within the involved
building.) ............... [P JOTUUROPIROPRSSIRR

COLLAPSE OF COMPONENT PARTS OF INVOLVED BUILDING (Your estimale
regarding collapse of roof, walls or 100rs.) ..o e,

WEATHER cITANGES (Would any indiesled weather change as stated in

problem affect the situation?) ....... R T S e SOV

PREVENTABLE DayMack (Your estimate regarding probable damage to
involved building and contents and to exposures [rom water, excessive
heat or other eauses whiel could be prevented by proper care and salvage

OPEFALIONS) e mmrnssgyn S R BT s snom s o

3. Own SrruaTioN:

(a)

PERSONNEL — APPARATUS EQUIPMENT — HOSE SUPPLY (State if these
are sufficient to deal with situation. If, in your opinion, these are insufli-
cient, itemize additional requirements.). S R R

ADDITIONAL ASSISTANCE avalLanie (If additional assistance is required
state from where necessary assistance can be obtained and yvour estimate

of time required for arrival on fireground.).....
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(e)

(@)

(e)

WATER SUPPLY — MAINS — HYDRANTS — AUXILIARY SUPPLY — OTHER
EXTINGUISHING AGENTS (State if water supply within the immediate area
is sufficient to meet requirements of situation considering the number and
locations of hydrants and size of mains. If this supply is insufficient state
il relay operations are necessary or if an auxiliary supply is available and
can be utilized. If situation requires extinguishing agents other than water
itemize each and the volume available. State if these are sufficient to

meet requirements ol situation.)...

SPRINKLER SYSTEMS — STANDPIPE SYSTEMS — OTHEE PROTECTIVE DE-
vices (Review briefly primary protective equipment of involved and ex-
posed buildings. State your estimate of the equipment that should be

employed and the action required to insure effective operations.) . ..

ACTION THAT HAS BEEN TAKEN (Study problem to determine what action

has been taken. No statement required.)

Decision:

(¢) 1NrTIAL DEcISION (Brief statement outlining the action to be taken and

the objectives to be achieved.)......c....... .

. PrLax oF OPERATION:

(State briefly how you will employ your resources to attain the objectives

as stated in your decision, number each separate step.) ... . . .

-1
=~I
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OPERATIONAL PLANS

THE system of planning described here starts with a penciled

outline of a particular block using a scale of one inch equals
twenty-five feet. The entire plan is drawn and cheeked before
the penciled lines are traced with ink. This master plan is then
used to reproduce photostatic copies reduced to 814 in. x 11 in.
The negative or proof eopy (hlack background) appears to be
the most practical for use in binders.

A stiff back, loose leaf binder (9 in.x 1114 in.) is used to
hold plan and briefs of essential facts. These briefs follow a
definite form and are typed on letter size paper (814 in. x 11 in.)
The block plan is mounted on the inside front cover of binder.
A single binder can be used to hold two plans and briefs of
essential facts. The second plan ean be mounted on the inside
of the back cover.

The operational maps supplemented by briefs of essential
facts are designed to provide a ready and authentic source of
reference for a commanding officer and members of his staff on
the fireground. An operational plan will provide a commanding
officer with a better concept of an exposure situation in a
congested block than could be obtained from a personal survey
at the time of emergency. These plans are practical if they are
revised as changes cecur. Alinor revisions ean be made on
photostats by the use of black or white ink. Master maps
should be retained and major revisions can be made by pasting
revised drawings on the original map. Major alterations within
a block may necessitate replacement of photostats. Briefs of
individual buildings should be revised or proper notations
made to maintain an accurate record of essential facts. Data
can be recorded on a “Building Information Form’ shown on
pages 78-80.

This system of operational plans is not offered as an ideal
solution to the problem of providing a commanding officer and
members of his staff with adequate tactical information on the
fireground. Tt is presented as a guide for study and experi-
mentation in devising a practical solution to this important
problem.
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BUILDING INTFORMATION TFORM
BLOGE: NG wsmnponsoemyen
NUMBER AND STREET . ... oo eeie cvee e CINANME OF BUTLDENG oot amgs
Lire Hazarp .o e
FEETEITAD covemnrmssonss oo some s s e b S (S 0 S50 L
SIS s e . Basement ...

CONSTRUCTION:
Exterior Walls ... . s

TACTICAL PROBLEMS AND OPERATIONAL PLANS
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OtHER Facrs:
Heating ... e s s R b s ST

Lighting .. [P U B e T
Skylights ... : = e . SRR e

Secuttle holes.... R ST R

Roof ventilators ..
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OPERATIONAL PLAN
Brock (1-0)

100 — block AnN and Ouio Streets
0 — block IFirsT and SkconDd Streets

Pace

101-13 Axnn Street — Unrtep Drsratch, Inc., forraerly
ParkersBurG Transrer Co. B, . . . . . . . . 81
115 AnN Street — Vurcan Werping Co. . . . . . . . 8
117-21 ANN Street . . . . . . . . . . .. .. ... &
123-25 ANy Street . . . . . . . . .. . . . .. .. 87

127-29 ANN Street . . . . . . . . . . . . . .. .. 8§

CorNER ANN and SEcoND Streets — Passencer Drror
—B.&O. . ... 89

STORM SEWER OPENINGS WITHIN THE BLOCK
Frst and ANN Streets: 1-double and I-single eateh basins.

101-05-07-13 ANN Strect

Lire HAZARD: Approximate number of persons normally em-
ployed in building: Day 5; Night none.

Hercur: 3-story seetions 39 ft. to 45 ft. 4-story seetion 50 ft.

Size: 3-story seetion, Front 105 ft. x 50 ft.
3-story section, NE 40 ft. x 105 {t.
3-story seetion, Rear 145 {t. x 40 ft.
4-story section, 105 ft. x 95 ft. Overall 145 ft. x 185 ft.
Basements under 3-story section, Front, No. 101,
20 ft. x 40 ft.; No. 105, 20 ft. x 30 ft.

ConsTrUCTION: Fixlerior walls — NE wall is party wall with
115 Axn Street, brick, 8 in. to 12 in., without openings. Rear
end walls of 3-story section, rear — brick to second floor,
12 in.; second floor to roof — metal elad. Four-story section —
brick, 8 in. to 16 in. Other walls — brick, 8 in. to 12 in. In-
terior walls — shown on plan — brick, 8 in. to 12 in. Parti-
tions — plaster on wooden lath and studding. Ceilings —
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Plan of Block (1-0), Parkersburg, W. Va.

While some of the symbols shown on the above bloek plan were developed
loeally for the convenience of the Parkersburg Fire Department, most of these
should be understood by reference to Chapter 35 “Standard Plan Symbols,”
NFPA Fire Protection Hendbook,
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three-story section, front — plaster on wooden lath; other sec-
tions — open rafters,  Floors — first floor conerete except over
basements; floor and subflooring wood on wooden joist sup-
ported by wooden posts. Second floor, four-story seetion —
floor and subflooring wood on wooden joist supported by un-
protected steel beams on iron posts. All others — floor and
subflooring wood on wooden rafters supported by heavy tim-
bers on wooden posts. Roof — flat, frame, composition cover-
ing exeept three-story scetion, front — tin, supported by heavy
timbers on wooden posts.  Parapets — 18 in. Buill — three-
story seetion, front — 1872 for use as hotel; threc-story see-
tions, NIS and rear — 1910; four-story section — 1917. In
good repair except three-story section, rear, was damaged dur-
ing construetion of flood wall. This section is unsafe and has
been vacated.

Wixvows: All floors — front, left side and rear; fourth foor-
front, right side and rear fitted with metal fire shutters. Front
windows of three-story seetion, NE, wired glass in metal frames.

Doors: From Ann lo first floor — single to No. 101; vertieal
metal to railroad entrance; single to 105, to 107, to 113; vertical
metal to three-story section, NE. From First Street to first floor of
Jour-story scclion — vertical metal; fo second floor — double
wooden.  From First Streel to first floor, three-story section, rear —
vertical metal.

Occrrancy: United Dispateh, Ine. (formerly Parkersburg
Transfer Co.), railroad and truck terminal warchouse. Truek
repair shop first floor of four-story seetion.

ConreNts: Bascments — none. Three-story section front, No.
101 — empty paper eontainers; No. 105 — soft drink vending
machines, paper cups, eylinders of CO;; No. 107 — eylinders of
compressed gases — oxygen, acetylene, propane: No. 113 —
office equipment and records; rooms n rear of No. 105 and 107 —
motor oil, greases and anti-freeze solution in drums and cans.
Second floor, 13 rooms — household furniture, truck tires, anti-
freeze solution in eans; third floor, 14 rooms — household [urni-
ture and old rceords. Three-siory section, NE, first floor —
trucks and trailers; second floor, consisting of single space —
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furniture and paper drums; third floor, consisting of single
space — household furniture. Three-story section, rear, all
floors — no contents. Four-story section, first floor, consisting of
single space — repair equipment, trucks and trailers; second
floor, consisting of single space — supplies and surplus equip-
ment, Imperial Ice Cream Co.; third and fourth floors — same.
Supplies consists of sugar, powdered milk, paraffin coated paper
containers and paraffin wax.

STAIRWAYS: three-story section, front, No. 101 — open wooden
stairway from first to third floor, near front. No. 707 — open
wooden stairway from first to third floor, left side of enclosed
elevator shaft. Four-story section —iopen wooden stairway
from first to fourth floor, front of elevator shaft. Open wooden
stairway from fourth floor to elevator bulkhead on roof, rear of
shaft. Ramp — from first to second floor, next to right side
wall. Ramp from second floor of three-story section, rear, to
third floor of four-story section. (Locations shown on plan.)
VERTICAL SuaFTS: Three-story section, front, No. 107 — en-
closed elevator shaft from first floor to roof, right rear. Four-
story section — open elevator shaft from first to roof, near cen-
ter. (Locations shown on plan.) FElevator motors located in
bulkheads on roof. Lightwell near front of four-story section
and one near rear, from first floor to roof, open except wired
glass in second floor openings, wooden railings around openings
in other floors, wired glass in roof openings. Lightwell over
ramp, next to right side wall, wooden railing around opening in
third floor, wired glass in opening to roof.

OtHER FacTs: Heating — gas stoves in offices, no heat in re-
mainder of building. Skylights over hallway in roof of three-
story section, front; one in roof of four-story section, front of
elevator shaft; all wired glass. Scuitle hole — to roof from hall-
way near left rear of three-story section, front, No. 101. (Loca-
tion shown on plan.)

Gas suUT-0FF: First floor, No. 113, on right wall near front.

Erectric sHUT-0%: On panel board front of enclosed elevator
shaft on wall, second floor.

WATER sBUT-0FF: First floor in floor pit left of ramp to second
floor.
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115 ANN Street

LiFe Hazarp: Approximate number of persons normally em-
ployed in building: Day 8; Night none.

HEeieuT: One-story section 18 ft.; two story section 25 ft.
Size: 40 ft. x 165 ft. No basement.

ConstrucTtion: Left side wall, briek, 12 in., party wall with 113
Ann Street; front section of right side wall, brick, 12 in., party
wall with 117 Ann Street; front, remainder of right side wall and
rear — concrete block, 8 in.; front wall of second floor, two-
story section, frame covered with asbestos shingles. Interior
walls — concrete block. Floors — first, conerete; second, wood
on wooden joist. Roof — flat, frame, composition covering,
supported by iron pipe frame. Built — 1933. In good repair.

Winpows: Iirst and second floors — front, right side and rear.

Doors: One single door and one double sliding door from Ann
Street to first floor; vertical door from right side to first floor,
next to two-story section.

Occuraney: Vulean Welding Company.

CoNnteNTs: First floor — electric and acetylene welding equip-
ment, electric motors, cylinders of compressed oxygen and
acetylene. Second floor — office equipment and records.

STAIRWAY: Open wooden stairway from first to second floor.

Orner Facrs: Healing — gas stoves. Scuttle hole — one from
first floor to roof (location shown on plan). Roof ventilalor —
one metal in roof one-story section, over blacksmith forge.

(Gas SruT-0Fr: For entire building — right front corner over-
head.

Brecrric snuT-orr: For entire building — right front corner
overhead.

WAaTER sHUT-0FF: For entire building — in floor pit near left
front corner.
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117-21 AnNN Street

Lire HAZARD: None.
HEeigrT: Three-story 36 ft.
S1ze: 45 ft. x 36 ft. Basement under entire building.

ConsrtrucTION: Frierior walls — brick, 12 in. to 8 in., left side
wall is party wall with 115 Ann Street. Interior walls — hrick,
12 in. to 8 in. Partitions — plaster on wooden lath and stud-
ding. Ceilings — basement, open rafters; other floors, plaster
on wooden lath. Floors: basemeni — carth; first floor —
wood on wooden joist supported by brick piers and wooden
posts; other floors — wood on wooden joist supported by in-
terior walls and partitions. Roof — mansard, tin and slate, sup-
ported by wooden trusses. Built— date unknown. State of
TEPaIr — POOT.

Winoows: All floors — front and rear; third floor, right side.

Doors: From Ann Street to first floor — three single doors;
from open space rear of building to first floor — three single
doors.

Occuprancy: Vulecan Welding Company.

CoNTENTS: Basement — none. First floor — old records and
tools. Remainder of building — none.

STatRwAY: Open wooden stairway from basement to third
floor, hallway center of building.

OruEr Facrs: Heating — gas stoves.  Shylight — one {rom
third floor to roof (location shown on plan).

Gas suur-orr: For entire building — under stairway first
floor.

Evgcrric suuT-0FF: For entire building — on right wall, front,
room, 117 Ann Street.

WATER sHUT-OFF: For entire building — basement, right front
corner.
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123-25 ANN Street
Lire Hazarp: Number of persons living in building — 5.
Heraur: Two-story 25 ft.
S1ze: 40 ft. x 55 ft. Basement under entire building.

CoNSTRUCTION: Lixterior walls — brick, 12 in.; right side wall
is party wall with 127 Ann Street. Inierior wall — briek, 12 in.
Partitions — plaster on wooden lath and studding. Ceilings —
basement — open rafters; other floors — plaster on wooden
lath. Floors — wood on wooden joist supported by interior
wall. Roof — flat, frame construction, tin covering. Parapets—
24 in. Bwill — date unknown. Stale of repairs — poor.

Winbows: First and second floors — front and rear.

Doors: From Ann Street to first floor — one single and one
double. TFrom Ann Street to stairways — two single. I'rom
open space rear of building to basement — two single; to first
floor — two single.

QOccurancy: First floor — vacant. Second floor — apartments.

CoNTENTS: Basement and first floor — none. Seeond floor —
househald furniture.

Sratrways: 123 Ann Street — enclosed wooden stairway from
Ann Street to sccond floor, left corner of building. 125 Ann
Street — eneloged wooden stairway from Ann Street to second
floor, near center of huilding.

Oruer racrs: Healing -— gas stoves.  Lighting — gas. Scultle
hole — from sceond floor to roof (loeation shown on plan).
Gas snur-orr: For entire building — stairway entrance, 123
Ann Street.

WaTer snur-orr: For entire building — right front corner of
basement, 125 Ann Street.
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127-29 ANN Street

Lire Hazarp: Number of persons employed in building —
Day 3; Night none. Number of persons living in building — 6.
Hereur: Two-story 28 ft.

S1zE: 40 ft. x 60 ft. Basement under entire building,
ConsTtrUCTION: Exterior walls — brick, 12 in., left side wall is
party wall with 125 Ann Street. I'nterior wall — brick, 12 in.
Partitions — plaster on wooden lath and studding. Ceiling —
basement — open joist: other floors — plaster on wooden lath.
I'loors — first floor — wood on wooden joist supported by in-
terior wall and heavy timbers on wooden posts; second floor —
wood on wooden joist supported by interior wall. Roof — flat,
frame construction, tin covering. Parapets — 6 in. Buill —
1870. State of repair — poor.

Winvows: First and second floors — front, right side and rear.
Doors: From Ann Street to first floor — two sets of double
doors; to enclosed stairway — single door. From open space,
rear of building to basement — single door; to first floor —
three single doors. Trom exterior stairway to second floor —
two single doors.

Occupancy: First floor and basement — Pennybacker Plumb-
ing and Heating Company. Seccond floor — apartments.
ConrtenTs: First floor and basement — plumbing and heating
supplies, office equipment and records. Second Joor — house-
hold furniture.

STairways: Enclosed wooden stairway from Ann Street to
second floor, left front corner of building. Txterior wooden
stairway from open space, rear of building, to second floor.
OTner racrs: Heating — gas stoves. Skylight — one from hall-
way to roof. Seutile hole — one from second floor to roof, 129
Ann Street. (Locations shown on plan.)

Gas sHUT-OFF: For entire building — right front corner, first
floor, 127 Ann Strect.

Erectric smUT-0rr: For entire building — front wall, first
floor, 127 Ann Street.

WATER sHUT-0FF: For eniire building — right, rear corner of
basement, 120 Ann Street.
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ANN STREET — Passencer DeEror — B. & O. R.R.
LIrE HAZARD: Approximate number of persons employved in
building — day 10; night 5.
Hricar: Three-story 42 ft,
S1zE: 65 ft. x 55 ft. No basement.
ConsTrRUCTION: Ezlerior walls — brick, 16 in. to 12 in. [n-
terior walls — brick, 12 in. Partitions — plaster on wocden
lath and studding. Ceilings — plaster on wooden Iath. Floors—
first floor — wood on subflooring, wooden joist supported by
heavy timbers on stone piers; other floors — wood on subfloor-
ing supported by heavy timber and unprotected steel heams.
Altic floor — wood on wooden joist. Roof — mansard, frame
construction, slate ecovering, supported by heavy wooden
trusses. Built — 1887. In good repair.
Winpows: All floors — front, right and left sides, and rear,
Doors: Frem Ann Street to first floor — two double dcors.
From 2nd Street to first floor — two double doors. Trem ele-
vated platform, front of building, to second floor — two double
doors and one single door.
Occupancy: Passenger Depot, B. & O. R.IR.
CoNTENTS: First floor — office furniture, records, mail and ex-
press. Second and third floors — office [urniture and records.
Altic — storage of old records.
Statrways: One wooden exterior stairway from Ann Street to
clevated platform, second floor of building. One open wooden
stairway from first floor to attic, front center of building,.
VERrTICAL SHAFTS: One open elevator shaft from first to secc-
ond floor, right front corner of building (loeation shown on
plan). Tlevator motors located on second floor next to shaft.
OTHER Facrs: Heating — gas stoves and steam radiators,
steam piped from Steam Plant, 5th Street.
Gas suuT-orr: Ior entire building — left rear corner, first
floor.
ErEcrric saur-orr: For entire building — left side of clevator
shaft, first floor.
WATER suuT-0FF: For entire building — in pit, next to fire
hydrant, 2nd and Ann Strects.
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Map for operational plan covering Standard Oil Company bulk plant.
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Stanparp O CoMmMpaNy BULK STORAGE
OFFICE AND STORAGE BUILDING

MARY STREET

Lire HAZARD: Approximate number of persons employed in
building — day 6; night none.

Hricur: One-story 15 ft.
Size: 120 ft. x 28 {t. No basement.

ConsTrUCTION: Exterior walls — metal clad on unpretected
steel framing. Paritlions — plaster board on wood studding.
Floors — concrete. Roof — gable, metal construction, metal
covering, supported by unprotected steel frame. Buill — 1940.
In good repair.

Winpbows: Wired glass windows in metal sash front and right
side only.

Doors: To rear only — single door to office section and three
double metal doors to warehouse section from driveway rear of
building.

Occuraxcy: Standard Oil Company, office and storage.
ContEnTs: Office scetion — office furniture and records.

Warchouse section — oils, greases, tires, tubes and automobile
acecessories.

Otaer rFacrs: Healing — gas stoves.  Skylights — ten  (at
wired glass skylights in roef, approximately 12 ft. apart (lo-
cations shown on plan). Roof ventilaiors — ten metal roof
ventilators located in center of roof spaced approximately
12 [t. apart.

Gasg suvuT-0FF: For entire building — in warehouse near offlice
partition.

Evccerric suuT-0rr: For entire building — in warehouse sec-
tion on panel board on office partition.

WaTeER sHUT-0FF: I'or entire building — outside near right
front corner of building in pit.

a3

CHarTER XI
CASE HISTORILES

O ILLUSTRATE the usefulness and practical application

of the tactical exercises and operational plans previously
described, three ease histories have been selected recording
typical major fire-fighting operations. These case histories
differ from those in the author’s book, Allacking and Extinguish-
ing Interior Fires, because the fires reported in the present text
all had involved major proportions and were threatening ex-
posures when an alarm was given. These fires also are recom-
mended for study because each involved the application of
several of the basie divisions of fire-fighting tactics outlined in
this text (see page 10), and also because they throw light upon
other factors of interest to fireground commanders such as the
results that may be obtained with large ealibre fog nozzles at
major fires and the value of block plans developed previous to
a fire as an aid to forming a realistic estimate of the fireground
situation inecluding such factors as the structural areas in-
volved, potential fuel and heat, and water application needed
to confine and extinguish a fire.

It may be of interest that the fires discussed in these se-
leeted case histories were handled by a fire department consist-
ing of four pumper, one aerial ladder, and one-squad companies
with on-duty manpower averaging less than one dozen men.
These were backed up by a reserve pumper-ladder truck and
off-shift firemen. It is suggested that ability to control major
fires with the resources at hand is one of the important bencfits
to be derived from an effective system of fire-fighting tactics.
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CASE HISTORY No. |

HIR fire was of incendiary origin. .\ machine shop seetion

was entirely involved before alarm was received.  Fire ex-
tended to rool of exposzed warchouse (four-story, briek, at lefti.
Involvement of two-story office seetion, loeated at front right
of machine shop scetion, was preveuted. Building was ol [ramne
eon=truction, 96 [t. x 140 ft., exeept front wall of maehine shaop
and walls of two-story oflice section whieh were construeted of

briek.

Parkershury News

Parkersbury News

A-2. Front view of machine shop after nozzles were placed in service.
A-1. Front view of machine shop described in "Case History No. 1" before
nozzles were placed in service. SRS 3 . 5 3
P ' ONITOR unit using Elkhart 21 5-in. PL J-200 nozzle de-
livering approximately 400 gpm, 100 psi nozzle pressure.
This fire was controlled and extinguished by uze of water fog,
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H. V. Muklmann, Parkersburg, . Va,

A-3. Right front section of roof, 4-story, brick, warehouse shown in Photo A-1

HI rear wall of the warehouse formed the left side wall of

machine shop. Rear and left side walls of warchouse were
without openings. This warchouse was well constructed ex-
cept the roof which was of ordinary frame, covered with asphalt
roll roofing and rear wall was without parapet. Open rafters
and sheathing formed ceiling of fourth floor. Entire building
was protected by sprinkler system.

This roof was 86 ft. x 85 ft. Within minutes following ig-
nition the entire roof area was involved. A nine-mile per hour
wind contributed to the rapid extension of fire. Aerial truck
(65 ft. wooden ladder, bed section equipped with ladder pipe)
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n, Parkersburg, W. Va.

11, V. Muhlman

A-4. Right rear section of roof, 4-story, brick warehouse shown in photo A-1

was moved to position in front of warehouse. Ladder pipe
fitted with Flkhart Brass, PL. J-200, nozzle was raised to op-
erating position. This placed the nozzle approximately
eighteen feet from front of building and fifteen feet below the
front parapet. .

At this time the mass of flames extended approximately
fifty feet above the roof. A 30° angle {fog cone was traversed
slowly from right front corner to left front corner and back to
starting point. The fog cone was directed into the mass of
flames above the roof at an angle that allowed the cone to clear
the front parapet. Tess than ten minutes were required to
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complete this operation. During this period the roof fire was
blacked out completely. The ladder pipe was shut down and a
erew sent to fourth floor of warchouse, One 1!14-in. nozzle pro-
vided sufficient water to extinguish spot fires and smouldering
burning involving sheathing and contents of fourth floor.

The ladder pipe was supplied by three 214-in. hose lines
and the nozzle pressure was between 100 and 125 pounds per
square inch, delivering approximately 425 gpm. The position
in front of warchouse placed the nozzle of ladder pipe at the
highest elevation that was possible to obtain. From this ele-
vation it was impaossible to apply water directly to the involved
roof. The author directed this operation and was in position
to observe this phenomenon. It appeared that when the finely
divided water particles were projected into the mass of flames
the cooling action was so rapid that a down draft developed.
This down draft (reversal of convectional currents) was of
sufficient velocity to earry unvaporized particles of water on
to the surface of the roof.

Survey of the warchouse revealed that 115 sprinkler heads
out of a total of 127 located on fourth floor and elevator bullk-
head had fused. These were the only heads which opened dur-
ing the fire. The initial flow of water from sprinklers prevented
major involvement of combustibles on fourth floor.
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CASE HISTORY No. 2

HIS warchouse of a bulk oil plant was completely involved
when first alarm units arrived. Nearest hydrant was 1,200
feet from warehouse.

£

Paul Jack, Ine,, Parkersburg, W. Va.

B-1. Warehouse of bulk plant burning
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Paul Jack, Inc., Parkersburg, W. Va.

B-2. Gasoline storage tank being protected by two 1Y2-in. nozzles

HE first 214-in. hose line from hydrant (distance 1,200 ft.)

has been laid. One #4 in. solid stream and 114-in. fog line
being used to cool gasoline storage tank located twelve feet
from burning warehouse. Radiant heat was of such intensity
that nozzleman of solid stream had to operate from behind
concrete cradle.
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Paul Jack, Ine., Parkersburg, T, Va.

B-3. Fire under control

OUR 114-in. fog nozzles on 113-in. lines were used to control

and extinguish this fire. Two 2L4-in. hose lines were laid
and wyed into four 1l4-in. lines. Nozzle pressures used —
100 psi.
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CASE HISTORY No. 3

This is a review of fire involving 101-13 Ann Street, Park-
ershurg, West Virginia, July 15, 1951. See block plan (0-1)
Chapter X for essential facts regarding involved building and
exposures. Also see frontispiece.

Schaeffer for Parkersburg Sentinel

C-1. Ladder pipe being placed to protect exposed railroad bridge
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Schaeffer for Parkersburg Sentinel

C-2. Fog cone from ladder wetting down exposed bridge

HIS fire was of incendiary origin. A fifteen-year-old boy

ignited loose paper in paper storage area of four-story sec-
tion about 11:45 a.m. Sunday, July 15, 1951. Over a half an
hour elapsed before smoke and flames were observed. ‘The
alarm was received at 12:20 .. When first alarm units ar-
rived the second, third and fourth floors of four-story section
were fully involved and flames were coming from roof. The
fire had entered into second and third floors of three-story
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mes W .
Schaeffer for Parkersbury Sentinel

C-3. Explosion within four-story section of 101-13 Ann Street,
Parkersburg, W. Va.

sections. A few minutes later metal siding of rear three-story
scetion started falling and second and third floors of this sce-
tion beeame fully involved. The floodwall (see plan, page 82),
served as a reflector for radiant ravs and the radiant heat in
area along left side and rear of involved huilding beeame so in-
tense that personnel and equipment had to be withdrawn from
this area.

Ladder company was ordered to take position on east side
of railroad bridge and to use large fog cone from ladder pipe to
prevent involvement of exposed bridge. This bridge was lo-
cated twelve feet from front of involved building and extended
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Schaeffer jor Parkersburp Sentinel

C-4. Damage to railroad entrance door resulting from explosion of
paraffin vapors, 101-13 Ann Street, Parkershurg, W. Va.
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Sehaeffer for Parkersburg Sentinel

C-5. Rear three-story section, 101-13 Ann Street, showing involvement
of 2nd and 3rd floors (metal clad section)
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Schaeffer for Parkersburg Seniinel

C-6. Fog cone from monitor unit being directed into 113 Ann Street
Parkersburg, W. Va.

along entire front at third floor level. Before water could be
supplied to ladder pipe five violent explosions occurred within
the four-story section. The four-story secetion disintegrated
and flames formed a thermal column that extended upward for
over two hundred feet above roof of building. These explo-
sions are believed to have resulted from paraffin vapors. Some
75,000 pounds of paraffin were stored on fourth floor of four-
story section. Tog cone from ladder pipe was used to ex-
tinguish burning debris falling on bridge and to proteet it {rom
radiant heat.

Later the right side wall of three-story NI section fell on
roof of 115 Ann Street causing considerable damage., Two-
story office section of this building and eockloit of 117-21 Ann
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. V. Muklmann, Parkersburg, W. Va,

C-8. Damage to Vulean Welding Building, 115 Ann Street, resulting from
collapse of party wall

Street were ignited from radiant heat. These fires were ex-
tinguished hefore appreeiable damage resulted. The railroad
bridge was undamaged. The fire was prevented from extending
into front rooms, first and second floors, three-story front see-
tion. Contents of these rooms ineluded truck tires, motor oil
and anti-freeze solution in cans, and 109 eylinder of oxygen,
acetylene and propane. The value of undamaged contents re-
moved from front three-story section after fire was extin-
guished amounted to over $25,000.

H. V. Vuhlmann, Parkersburg, . Va.

C-7. Front section of 101-13 Ann Street after fire was extinguished.
Railroad bridge at right.




