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SECTION |
INTRODUCTION

1. Purpose and Scope

This Technical Manual is a guide to techniques
used in fire fighting. It outlines prineiples of select-
ing fire department personnel and presents correct
procedure for using equipment, including hand
extinguishers, axes, pike poles, ropes, ladders, noz-
zles, and hose. Recommended methods of salvaging
property from fire loss or damage and producing
adequate hose streams are also deseribed. The dis-
cussion of fires in unventilated buildings ineludes an
explanation of the combustion proeess, hazards in-

volved, precautions to be taken, and rescue pro-
cedure. (See fig. 1,)

2. Responsibility

The fire chief is responsible for administration and
operation of the fire department; he is also respon-
sible for establishing and condueting an adequate
training course for personnel under his direction.
To insure physical fitness and familiarity with
equipment and procedures, this training program
must be continuous.

Figure 1. Possible resull of inadequate fire-conlyol measurés.




SECTION 11
FIRE DEPARTMENT PERSONNEL

3. Skilled Fire Fighters

If untrained beginners are to be developed into
skilled fire fighters, careful indoctrination, thorough
instruction, and intensive practice in various me-
chanical skills are required. Several important
factors in the development of a skilled fire fighter
are discussed below.

@. Morare. The beginner must have a will to
serve others, realize the importance of his job, and
be eager for the necessary study and practice. He
must be impressed by the fact that protection of
life and property depend on his knowledge, stamina,
and courage. He must understand that his work
consists of long tedious days of preparatory train-
ing for a few hours of emergency when he suddenly
beeomes one of the most important men on the post.
Wlen first employed, he should be indoctrinated in
customs of the fire service and the history of fire
fichting.

b. Discrenine. During a fire emergency, units
of command must be maintained and all orders
from superiors must be carried out promptly, with-
out question. Disecipline during an emergency is
developed only through habitual obedience to orders
of daily routine. The following rules should be
applied at all fire stations:

(1) Regulate personal conduct both on and off
duty to bring eredit to the fire department.

(2) Obey without question or delay all orders of
superior fire department officers.

(3) Keep in peak of physical condition

(4) Maintain station and equipment serupu-
lously clean and in proper operating condition.

(5) Carry each assigned task to successful eom-
pletion.

(6) Abide by all rules and regulations of both
post and fire department.

(7) Discuss nothing of military value with per-
sons not directly eoncerned.

¢. FUNDAMENTAL PRINCIPLES OF EXTINGUISH-
MENT. Because certain laws of nature apply to all
processes of burning, fire fighters are taught the
fundamental prineiples of combustion so they can
attack fires seientifically. Practice in the use of
hand extinguishers is excellent for training begin-
ners. Any good texts and films on fire fighting may
be used for supplementary information.

d. Post Lavour, Although fire fighters can learn

the location of the post’s buildings by studying
maps, personal tours of the post are more effective.
Assigning fire fighters to accompany building in-
spectors on their rounds is good practice because it
acquaints them with building location, contents,
type of occupancy, and specific hazards. All fae-
tors affecting rescue or extinguishment such as fire
exits, eanals, wellg, and hydrants should be thor-
oughly studied. Complete familiarity with the
physieal lay-out of the post saves times when a
fire emergency arises,

e. Hose axp Nozzue Pracrice. Fire fighters
must know every type of hose and nozzle used on
the post. Various combinations should be used in
practice to demonstrate their limiting features.
Potentialities and limitations of nozzle and hose,
ineluding booster lines and 13- and 2%Y;-inch
lineg, should be studied. Repeating hose drills regu-
larly helps fire fighters acquire automatic habits in
bringing hose streams to bear on a fire. Individual
tasks in hose and nozzle manipulation are simple,
but eonstant praectice is needed to enable men to
perform the tasks under the stress of an emer-
geney. Standard hand signals, in accordance with
TM 5-315 should be practiced during drill periods.
Manufacturer’s instructions, Army publications, and
firemanship texts provide information for studying
hose and nozzle practices.

f. Equrement. Efficient fire fighters must know
design, method of operation, and tactical uses of all
fire equipment from pumps to minor appliances.

g. Bumpine Types Axp CoNsTRUCTION. To Tes-
cue occupants from and extinguish fires in buildings
on the post, fire fighters must know building types
and construction and building materials used, Tac-
tics to be emploved and precautions to be observed
will differ in dealing with various types of econ-
struction, such as permanent, temporary wartime,
and emergency construction. Personal visits should
be made to the various types of structures as &
part of training procedure until complete familiar-
ity is gained.

h. Ruscues. Rescue training methods shounld re-
ceive basic consideration in the fire department
training program. Since it is one of the most im-
portant phases of fire fighting, a thorough knowl-
edge of practice and procedures are essential. A
weighted dummy can be used in rescue training.




7. I'msT Am. Although post ambulances usually
respond to fires, first-aid praectice by fire depart-
ment personnel should not be neglected. A thor-
ough knowledge and understanding of first aid
should be required of all fire department personnel.
Red Cross instructors or station hospital personnel
can be called upon for first aid instruction.

j- Warer Suverry. Familiarity with the post
water supply is necessary in estimating the number
of hose lines that can be laid at all locations. Water
relaying, siamesing two or more lines, and use of
heayy streams should be studied to meet an emer-
geney involving wide areas or large structures.
Training periods held with fire departments of
neighboring towns are often desirable.

. SaLvage axp OverHAUL, Application of ae-
cepted salvage operations helps keep fire losses low.
Although limited personnel and equipment restrict
salvage operations, familiarity with sound prac-
tices helps decrease losses. Unnecessary use of water
and careless forcible entry must be avoided. Satis-
factory overhaul measures are essential to prevent
rekindling of fire.

l. Mernops. Sound background in fire-fighting
methods is needed in selecting correct extinguishing
evolutions and equipment. Practice with specifie
problems in view is essential if maximum results
are to be obtained.

m. ProrecTivE CLoTHING AND EQUIPMENT. Spe-
cial clothing and equipment are issued to all fire
fighting personnel. Clothing and equipment con-
sists of bunking coat, bunking trousers, suspenders,
rubber boots, and fire department helmets and an
all purpose service mask. Regulation helmet and
turn out clothing are worn during response to fire
and at subsequent fire operations. For technical
details concerning all purpose service mask see
TM 3-205.

n. PHysicAr, anp MEeNTAL Frryess. Fitness for
duty requires physieal and psychological fitness.
To apply the knowledge and skills acquired during
training and praetice, the fire fighter must have
stamina and endurance because he may have to
perform extraordinary feats of strength in making
a rescue. Continuous fitness is maintained only
by hard work. Psychological fitness comes with the
development of a mental attitude that makes a
fire fighter seek additional information and know-
ledge not specifically required.

4, Competent Pump Operators

The driver of the pumper must not only be a skilled
fire fighter but also be able to operate fire-fighting
equipment to the best advantage. In addition to

the background and training outlined above for the
skilled fire fighter, the following requirements must
be met by competent aperators:

a. MecHANICS. Because the operator is respon-
sible for inspection and preventive maintenance of
equipment entrusted to him, he must be familiar
with manufacturer’s instructions, TM 5-687, and
Army maintenance manuals for individual trucks.
He must be mechaniecally inelined and treat equip~
ment with respect and eare to insure efficient opera-
tion and prolong its life. Operating equipment, to
capacity unnecessarily, slamming gears into mesh,
rapid acceleration, sudden stops, and the like are
to be avoided. Pride of workmanship is reflected
in immaculately eclean, proper functioning appara-
tus. Detailed knowledge of fire apparatus can be
aequired during periods allotted for servicing and
repairing. :

b. Hypraurics. A knowledge of elementary
hydraulies is essential for pump operators to secure
maximum efficiency from equipment and safety for
personnel. Because length of hose lines and nozzle
diameters vary, pump pressures must be known to
supply safe, adequate pressures at the nozzle. Cor-
reet, pump pressures for a 50-pound nozzle pressure
are listed on a plate at the operator’s station of all
Army pumping engines. A working knowledge of
the post water system is essential fo locate appara-
tus so that adequate water supply is assured. Maps
of the post water system, handbooks on hydraulies,
and familiarization trips are also necessary.

¢. Sare Driving, The safety of the engine crew
depends on the judgment and gkill of the driver.
Equipment must be under positive control of the
operator at all times. Post regulations, manuals on
driving, War Department regulations, and manu-
facturers’ manuals must be studied in aequiring
safe driving practices,

d. Tacrics. Operators must learn from expe-
rience and study the reasons behind all fire-fighting
procedures. Conferences and eritiques increase the
department’s efficiency in getting maximum results
from equipment and manpower. Tacties must be
understood to prevent confusion and failure during
emergency operation.

e. AppiTioNan Knowrrenge oF Post. Drivers
must know the post layout thoroughly to select the
best routes of travel. This knowledge should in-
clude off-post terrain if it might prove valuable.

5. Crew Chiefs and Assistant Chiefs

The crew chiefs and assistant chief must not
only be proficient in manual and technical phases
of firemanship, but possess qualities of leadership.




a. Science oF CoMBUSTION AND EXTINGUISH-
MENT. Securing prompt control of a fire emergency
requires extensive knowledge of the phenomena of
combustion and extinguishment. Textbooks on
chemistry and physies are among the sources of
detailed information on this subject.

b. Fire Hazarps anp Inspection. Fire hazards
must be elminiated, isolated, or proteeted. A pro-
gressive, vigilant fire-inspection program sghould
prevent fires except those caused by careless disre-
gard of regulations or deliberate intent. Fire pre-
vention is the primary mission of a fire department
and cannot be overemphasized. Personnel must be
schooled to recognize guch fire hazards as improper
spacings, unapproved fixtures or installations, haz-
ardous processes, substandard construection, inferior
workmanship or materials, and violations of regu-
lations.

¢. Knowrnepge or Post. In addition to knowing
ihe physical layout of the post, senior fire depart-
ment officers must be familiar with types of organi-
zations stationed there, chain of command, and
fixed responsibilities,

d. Tacrics, Equipment, personnel, authority for
operation, and facilities are usually standard on all
Army posts; any difference in effectiveness in the
various fire departments depends on tactics used by
senior officers. Tactics include all methods and pro-
cedures used in carrying out the fire department’s
mission; good tactics result from capable, well-
trained senior fire officers.

e. Ingrrucring Arinity. Senior fire fighters must
be able to instruct others, an ability which some
men do not possess although they are masters of
their profession. Efficient teaching techniques can
be acquired through practice and study; TM 21-
250 and TM 1-1000 are recommended sources of
information.

f. Serr-Conrmexcr. Self-confidence is built on
the fire fighter’s knowledge that he has magtered
all the phases of fire-fichting praetices. This self-
confident manner inspires subordinates with faith
in their superior; it calms excited and frantic per-
sonnel at the scene of the fire,

6. Fire Chief

Special traits and skills valuable to the chief of
the fire department are discussed below.

a. Leapersmip Asiry. The quality of leader-
ship is directly reflected in operation of the fire

department; sound leadership inspires confidence
and respect from fire fighters, Mastery of fire-
manghip alone is not enough. The fire chief must
be a good disciplinarian to demand unhesitating
obedience; he must be tactful, patient, enthusiastie,
sympathetic, earnest, level-lheaded, loyal, truthful,
and capable.

b. ApMINISTRATION AND REcorps. The fire chief
i1s responsible for the technical efficiency of fire
fighters, mechanical condition of fire apparatus, and
enforcement of fire-prevention regulations. He
makes and enforces rules, regulations, procedures,
and schedules to insure all work being done without
omissions. He maintains records to indicate the
status of personnel, equipment, and supplies.

¢. Fire PreveENTION axp Prorection. The fire
chief is responsible for earrving out the program
for fire-prevention inspections and assumes charge
during fire emergencies. Fire prevention and pro-
tection methods are based on criteria established in
TM 5-600, and TM 5-685. To prevent fires, the
fire chief must be able to recognize fire hazards and
know how they can be eliminated, isolated, or cor-
rected; he must know how materials are stored,
used, or processed without creating unnecessary
hazards and how prompt extinguishment is accom-
plished.

d. PersonNEnL ManacemMeENT, Wise selection of
personnel is important because fire fighters being
together for extended periods must have person-
alities that do not clash. Personnel selected must
fit into a smooth-functioning unit.

e. Puprac Reratrons. Good will built by the
fire department is rewarded by the respect and co-
operation of other post organizations. Good sales-
manship can make personnel fire conseious and fire-
prevention measures can be easily established; this
selling is usually done by inspectors on their
rounds, posters, signs, demonstrations, and lectures.
The fire department must convey the idea that it
is helping units on the post prevent fires.

j. Exowmvg THE Post. For harmonious opera-
tion and efficieney, the fire chief must know chan-
nels of supply, authority, and communication on
the post.

g. Tacr anp Dreuomacy. Because personality of
the fire chief has an important bearing on the sue-
cess of the fire department as a whole, tact and
diplomacy are almost as valuable as skill and
knowledge.




SECTION 111
FIRE EXTINGUISHERS

7. General

Fire extinguishers are first-aid appliances designed
to extinguish small fires before they reach major
proportions. Placing extinguishers of the proper
type and in the proper loeation for the hazard in-
volved increases the likelihood of extinguishing
fires with a minimum property loss. Distribution
and spacing of fire extinguishers at Army installa-
tions must be in accordance with War Department
eriteria and TM 5-685. Successful operation of fire
extinguishers depends largely on the skill of the
user; familiarity with the location and operation
of extinguishers is essential to all personnel who
may have to use them Presence of mind must be
stressed in instructing personnel to use first-aid
extinguishers. Hand fire extinguishers have the
same function as larger capaeity equipment; to
confine and extinguish the fire,

8. Classification of Fires

Accepted practice classifies fires according to the
fuel invelved.

a. Crass A. Fires in ordinary eombustible ma-
terials where the cooling or quenching effect of
water or solutions containing water is the extin-
euishing factor are elass A.

Framples: frame construction, overstuffed furni-
ture, waste basket, and the like.

b. Crass B. Fires in inflammable liquids, greases,
and so on, where air exclusion or blanketing is
essential, are class B.

Examples: deep fat fryers, gasoline tank trucks,
vatz of eleaning solvent.

¢. Crass C. Fires in eleetrieal equipment, where
a nonconducting extinguishing agent is of first im-
portance, as elass C.

Ezamples: electric motors, switchboards, trans-
former banks,

9. Classification of Extinguishers

War Department purchases only fire extinguishers
bearing the Underwriters Laboratories label, indi-
cating that certain requirements for extinguishing
value, safety, and reliability have been met. The
following tests are performed by the Underwriters
Iaboratories to determine the extinguishing value.
The capacity of an extinguisher is taxed to the
ntmost and the nature of the tests illustrates the

need for skill by the user to get maximum benefit
from an extinguisher.

a. Crass A, For class A extinguishers, the test
set-up congists of a 10-foot-square, tongue-and-
groove backboard with two layers of 1-inch by
1-inch strips set 1 inch apart and nailed over 1- by
1-inch battens spaced 1 foot apart. Kind of wood
and its condition must be controlled so comparative
results ean be obtained. This panel is permitted to
burn until the entire panel is fully involved and
the fire is deep seated. Extinguishing every ember
constitutes a unit of fire protection; an extinguisher
meeting this test is rated Al; if two are required to
put out the fire, an A2 rating is given. The letter
denotes the class of fire; the number indicates the
number of extinguishers needed for one unit of
protection.

b. Crass B. The test set-up for determining the
unit of fire protection for class B fires consists of
a tub 4 feet in diameter with enough gasoline to
cover the tub bottom. The extinguisher tested must
put out all fire when operated from one side of the
tub. Foam extinguishers must produce a foam
blanket 134 inches thick with no openings to permit
vapor to esecape.

Note, Tixtingnishers may be rated as both A and B if

they meet the requirements for both classes.

¢. Crass C. Tests for clags C firel extinguighers
are more complicated than tests for class A and B
fires. The test determines the conductivity of the
extinguishing agent. Thus, with a vaporizing liuid,
12,000 or 30,000 volts are impressed on electrodes,
the electrodes dipped into samples of the liquid &t
a known distance apart, and the conductivity of the
liquid measured. Similar tests are made on gaseous
extinguishing agents. A further requirement is that
carbon dioxide or gas-expellent extinguishers be
equipped with nonconductor horn.

10. Types of Extinguishers
Fire extinguishers operate on two basie prineiples:
by cooling or quenching burning material below
ienition temperature (water type), and by exelud-
ing oxygen with a blanket of foam or gas (foam,
carbon tetrachloride, and carbon dioxide extin-
ouishers). The following types are used by the
Army:

. Warer-pump Tangs., Water-pump tanks, is-
sued 1 2V%-, 4-, and 5-gallon sizes, have a fixed




pump which can throw a stream of water 30 to
40 feet. (See fig. 2.) Since their extinguishing agent
is water, they are best suited for class A fires.
TFor best results with water-pump tanks—

(1) Use a series of short, rapid strokes of the
pump to produce a continuous stream.

(2) Keep the nozzle as elose as possible to the
fire.

(3) Direct the stream of water at the seat of the
fire instead of at the smoke and flame.

(4) Refill pump-tank extinguishers by bucket
brigades to insure continuous operation.

(5) Do not direct the stream in a series of short
jerks by trying to cover the entire area simultan-
eously.

(6) If the extinguisher nozzle does not have a
spray attachment and spray is needed to fight the
fire, form it by placing a finger at the tip of the
nozzle.

(7) Protect the extinguisher from freezing in
cold weather. (See TM 5-687.)

b. Sopa-acip ExmiNcuisHeErs. Soda-aecid extin-
guishers are fundamentally water type extinguish-
ers using 214 gallons of water fixed with 115 pounds
of bicarbonate of soda. (See fig. 3.) When the ex-
tinguisher is inverted, a suspended bottle contain-
ing 4 ounces of sulfuric acid empties into the soda

5 GAILLON
BACK-PACK TYPE

.

solution; this produces carbon dioxide gas under
pressure which expels water for a distance of 30 to
40 feet. The carbon dioxide has little or no extin-
guishing value. TM 5-687 describes the method of
recharging and reassembling this type of extin-
guisher,

Once the extinguisher is inverted for use, the
fluid flows continuously until expended unless it is
again placed upright. For proper operation of soda-
acid types—

(1) Carry soda-acid extinguisher to the fire in
upright position and invert only when ready for
use.

(2) Direct stream from eclose range rather than
from extreme limits,

(3) Direet stream so water cools and quenches
burning material at the seat of fire.

(4) If spray is desired, form it by placing finger
over end of nozzle.

(5) Protect against freezing in colder climates
by plaecing extinguisher in heated building. Do not
add chemicals to lower the freezing point as such
chemicals destroy the pressure-building reaction
between soda and acid. Sometimes soda-acid ex-
tinguishers are housed in a closed box with a small
lamp or heating deviee installed to keep extin-

85 GALLON
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Figure 2. Pump-tank types.




Figure 8. Soda-acid lype, 2%-gallon capacity,
P i/

guisher from freezing. Sece that this deviee does
not ereate a fire hazard.

(6) Operate the 40-gallon type the same as the
215-gallon extinguisher. This extinguisher has a
shut-off nozzle to permit greater latitude in using
the extinguishing fluid.

¢. Foam ExmixguisHers. Foam extinguishers
are similar in appearance to the soda-acid type.
(See figs. 4 and 5.) However, because the foam
discharge is a frothy mass, a larger nozzle is needed.
The extinguisher has an outer chamber holding a
mixture of sodium bicarbonate and 7 quarts of
water and an inner chamber holding a solution of
aluminum sulfate in 214 pints of water. To these
chemicals is added a foam stabilizer.

The extinguisher is also put in operation by in-
verting it, mixing the two solutions to produce
carbon dioxide gas which is the expelling force. The
resultant foam is a durable mass of carbon dioxide

bubbles; a 215 gallon foam extinguisher produces
about 15 to 18 gallons of foam. Procedure for
charging foam extinguishers is given in TM 5-687.
Foam recharges should be procured from reliable
sources, preferably the manufacturer of the extin-
gmisher. Some substandard recharges are subject to
mold with consequent decrease in efficiency. For
proper operation, follow the procedures below.
(1) Use foam type extinguishers for class B fires
involving inflammable liquids, The foam floats on
the surface, forming a blanket between the fuel and
the air. Fluids such as aleohol and acetone require
a special foam becauserthey act as a solvent and
destroy standard foam bubbles. Foam is also effee-
tive for class A fires. However, it does nol pene-
trate finely divided materials as well as water does.
(2) Protect extinguishers against freezing by in-
stalling them in heated buildings or heated eabinets;
do not add chemicals. Cold weather affects the

B e e o 2

Figure 4 Foam lype, 2%-gallon capacity.




Figure 6. Pump-tank. type, 4-gallon capacity, converted to foam type.

foam-producing characteristic of this extinguisher
adversely.

(3) Apply foam to a flaming liquid surface as
gently as possible,

(4) Allow the stream: to strike against the walls
of the container and flow down to the surface of
the liguid.

(5) Where possible, assist the foam blanket to
spread by moving around the hazard.

(6) Avoid directing the stream into the surface
as it will beeome saturated with the liquid involved.
The heat of the fire causes the foam to break down,
retarding extinguishment.

(7) Where nozzle pressure is too great, reduce
the force by placing a finger at the nozzle tip.

(8) Apply foam from extreme range of the
stream so it reaches the surface with most of the
propelling force gone.

(9) Where the burning fluid is spilled on a flat
surface, direct the stream against the ground near
the fire so it rolls or flows over the area involved.

d. CarpoN TerrAcHLORIDE ExTiNGUISHERS. Car-
bon tetrachloride extinguishers use a special extin-
guishing compound having a carbon tetrachloride
base with certain ingredients added to lower the
freezing point and resist corrosion. The Army uses
pump-operated or stored-pressure types (fig. 6);
the l-quart size is of two types: one pumping out
the hquid dirveetly, the other pumping in air to
expel the liquid. Carbon tetrachloride is very
volatile, evaporating to form an inert gas heavier
than air. This gas extinguishes fire by air exelusion
or dilution. The liquid is only about 10 percent as
effective as water for cooling or quenching. Since
carbon tetrachloride is a nonconductor of electric-
ity, this extinguisher is used for electrical fires.




Since carbon tetrachloride absorbs water wvapor,
ereating a corrosive mixture that attacks the extin-
guisher parts and frequently results in failure, fire-
extinguisher fluid must be kept in sealed containers
as a protection against atmospheric moisture. Com-
mereial earbon tetrachloride for eleaning or solvents
should not be used in extinguishers, For best re-
sults—

(1) Avoid breathing gases produced by this ex-
tinguisher in a confined space. Carbon tetrachlor-

1 GALLCN
TYPE

1 QUART
TYPE

Figure 6. Carbon
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ide vapor hag an anaesthetic effect and if subjeeted
to. high temperatures decomposes to some extent,
forming toxic gases, including hydrochlorie acid
and phosgene. These gases are highly poisonous,
but the vapors are sufficiently irritating so that

there is no danger of dnyone being overcome with
these gases without being aware of their presence.

(2) Assist vaporizing to form a spray by placing
finger over the discharge hole.
(3) Direct liquid toward seat of fire.

3%2 GALLON
TYPE

tetrachloride extinguisher,




50 POUND
SUPPLY CYLINDER

50 POUND
SIZE

Figure 7. Carbon dioxide extinguishers and supply cylinder,

(4) When used on tanks or vats, direct extin-
guishing fluid against the container wall or other
freeboard. Do not direct stream into burning lig-
uid. If practieal, walk around the fire to provide

| greater coverage.

(5) Take advantage of any wind or draft so
smoke and fumes are blown away from the user.

e. CarBon Dioxine ExTincuisuERs (fig. 7). Car-
bon dioxide is an nert gas that extinguishes by dis-
placing air or diluting its oxygen content. When
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carbon dioxide is stored in a cylinder or tank
below its eritical temperature of 88° ¥, it changes
from a vapor to a liquid. On release to the atmo-
sphere, the highly velatile carbon dioxide gas comes
out as a vapor and snow. The liquid carbon diox-
ide in converting into a gas expands in a ratio
approximately 500 to 1. Because of this sudden
expansion, the temperature of the snow or solidi-
fied portion of the discharge is —110° F. The heat~
absorbing capacity of carbon dioxide is very




limited, being only about 10 percent as efficient as
water. Internal pressure generated by carbon diox-
ide stored in a tank or eylinder is proportional to
temperature. For this reason, carbon dioxide ex-
tinguishers shonld be protected from the direct rays
of the sun because pressure may rupture the fran-
gible safety disk. This high internal pressure at
normal temperatures requires containers of heavy
materials. An empty 15-pound extinguisher weighs
about 35 pounds.

For proper operation of earbon dioxide gas ex-
tinguishers—

(1) Direct the discharge at the base of the fire
because carbon dioxide gas extinguishes fire by air
exclusion.

(2) Extinguish ground fires first, working pro-
gressively upward to prevent reignition.

(3) When extinguishing a large area, establish
and maintain a wall of inert vapor between blazing
and extinguished portions of the fire. This wall
must remain unbroken and moved across the in-
volved area to snuff out the fire at the far end.

(4) Bince the reach of a carbon dioxide stream
is limited, work with any breeze or draft at the
back.

(5) Consider the definitely limited ecapacity of
carbon dioxide extinguishers. If a fire is beyond
the capacity of one extinguisher, the carbon diox-
ide discharged produces no lasting results.

(6) If the fire is beyond the eapacity of one ex-
tinguisher, use two or more extinguishers simul-
taneously to produce larger coverage. Use of sev-
eral extinguishers one after another will not ordin-
arily be effective.

(7) Move the discharge horn of a carbon dioxide
extinguigsher at a moderate rate to form a bank of
gas. Rapid movement dissipates the vapor as it is

discharged; too slow movement may discharge
more than is needed at one point. Acquire proper
technique under varying conditions by experience.

(8) Confine the discharge to the burning ma-
terial or area to prevent possible flashbacks. This
procedure also takes advantage of the cooling
capacity of carbon dioxide snow.

(9) Beeause carbon dioxide extinguishes fire by
air displacement most effective extinguishment can
be done in confined spaces where the gas can blan-
ket the fire.

Caution; Carbon dioxide extinguishes fire by
depleting the oxygen supply to below 15 percent
which is also the eritical coneentration for sustain-
ing human life. The chief hazard to personnel from
carbon dioxide i1s suffocation; the freezing effect
of the snow is not serious unless exposed portions
of the skin are directly sprayed.

f. Seecian ExTincuisHERS. Several types of fire
extinguishers are in use by the Army oceasionally,
A brief deseription of their principal features of
diggimilarity follows:

(1) Loaded-stream water type extingunishers con-
taining an alkali-metal-salt golution added to lower
the freezing point. The expelling force is usually
provided by puncturing a stored-pressure cartridge.
An adequate supply of cartridges and recharges
for normal operation must be kept on hand.

(2) Plain water type extinguishers using a eart-
ridge to provide discharge pressure. Operating
action is initiated by puncturing the eartridge.
Maintenance includes periodic inspection of the
cartridge for gas leakage.

(3) Dry-compound extinguishers using a spe-
cially treated bicarbonate of soda in dry powder
form with a cartridge of carbon dioxide as an
expellent.




SECTION IV
FORCIBLE ENTRY

11.

Forcible entry means gaining access to closed
spaces by opening locked doors and windows, roofs,
floors, skylights, partitions, and walls by mechani-
cal means. Even breaching masonry walls with a
battering-ram and other extreme operations may
sometimes be necessary. Forcible entry is often
destructive. However, promiscous destruction of
buildings must be discouraged; responsibility for
careful, forcible entry rests directly with the fire
department. Forcible entry methods discussed in
this ‘section have been proven through practice.

a. Toors. Special tools peculiar to the fire serv-
ice have been designed for use in forcible entry.
(See fig. 8.) Many are developments of expedients
devised in emergencies; several items not regularly
supplied have been made on individual posts. One
of the most usgeful of the forcible-entry tools is the
pick-headed ax. Roofs and floors ecannot be
breached properly without a thorough understand-
ing of its uses. To an experienced fire fighter its
adaptability to special uses makes it particularly
valuable. Its great advantage over a chopping ax
is the pick, whieh is used for prying and digging,
It ean be used to pull up flooring and roof boards,
remove partitions, and pull lath and plaster in-
aceessible to other tools.

(1) Blade. The blade must be tempered so it
does not bend easily or break off when nails, gravel,

General

or other hard materials are struek. If it is ex-
tremely sharp and the body is ground too thin, it
breaks when cufting gravel roofs or striking nails
and other hard materials. If the body is too thick,
the ax eannot be driven through ordinary flooring
regardless of blade sharpness. Recommended body
thickness is 14 inch at 34 inch from the edge, 9%
inch at 114 inches, and 36 inch at 2 inches, all mea-
surements being taken at the center of the blade.

(2) Grinding. Care is necessary in grinding an
ax to prevent overheating and annealing the steel.
The ax must be ground to preserve body thickness,
not merely to sharpen the blade. After sharpening
the blade, it is rubbed lightly over a stone to take
off the keen edge and lessen danger of cutting fire
fighters.

(3) Handle. The handle’s shoulder is left, rather
thick to prevent breaking if the ax is driven
through a floor unexpectedly. The grip is polished
and is thin to provide elasticity. The handle must
not be painted or varnished, but linseed oil may be
applied to prevent roughness and warping. If axes
are painted, the paint must be carefully removed
and handles treated with linseed oil.

b. Curring witH AN Ax, When cutting with a
fire ax, short, quick strokes are used to avoid hit-
ting other men or catching the ax in overhead ob-
structions. This is particularly important in dark
or smoke-filled places. Short strokes save time by

A S
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Figure 8. Foreible-entry tools furnished on Corps of Engineer fire trucks. Shown are pike pole, door opener, pick-
headed az, and crowbar,




Figure 9. Using the firemen's az on flooring,
@ Cut flooring at an angle so it can be pried out eastly.
Correct position of the feet reduces danger of being
struck by glancing blow.

Pigure 9. Using the firemen's az on flooring.
@ Remove floor boards after cutting.
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insuring better control of the point of entry of the
ax blade. Cuts are made diagonally, not with the
grain of the board, and as close to a joist or stud
as possible, A fire fighter should be able to cut
cither right- or left-handed. Cutting in difficult
corners and under obstructions can be done only by
men who have been properly trained.

(1) Flooring, roofing, and sheathing. Cuts in
flooring, roofing, or sheathing are made at an angle
of about 60° across instead of straight down. (See
fiz. 9.)

(2) Diagonal sheathing. Diagonal sheathing is
eut in the direction the sheathing runs so chips will
tend to split out. If cuts are made against the
sheathing, the ax may bind and require extra effort.

(3) Lath and plaster. Cuts through a lath and
plaster wall are made in a direction diagonal to the
grain instead of straight across it.

12,

a. Openine Doors. (1) Types of doors. Types
of doors found at Army installations are illustrated
in figure 10 and deseribed below.

(@) Ledge doors, sometimes ealled batten doors,
are made of built-up material; they must be locked
with surface loeks, either hasps and padlocks, bolts,
or bars. Hinges on ledge doors generally are of the
surface type, fastened with serews or bolts.

() Panel doors may be either eross or vertically
paneled. The panels are of thin material and da-
does, not glued, into the stiles and rails. Either

Procedure

FRAME
B
4~ teoGE .~ i
LEDGE
LEDGE
LEDGE
i ]
FRAME-AND-LEDGED LEDGE DOOR

DOOR

surface or mortised locks may be used, and hinges
may have full surfaces, half surfaces, or hidden
butts: Hinges generally have loose pins that are
easily removed. (See fig. 11.)

(¢) 8lab doors are generally made of veneered
hardwood with white-pine core. They take the
same general hardware as panel doors and are very
solid and not easily sprung.

(d) Industrial doors, used in garages, ware-
houses, and storehouses, are double or single slid-
ing, overhead lift, or overhead rolling.

(2) Methods of opening. The method for open-
ing doors is determined first by the way the door
is hung in the frame, and then by the way it is
loecked. Outside doors in barracks, store buildings,
recreation halls, and smaller doors of other build-
ings are set either against stops in the frame or
agamst a rabbeted shoulder in the door jamb.
Doors on Army installations generally open out-
ward. Figure 12 shows one method of opening doors,

(a) Overhead rolling doors are made of steel and
offer the greatest resistance to {forcible entry.
Normally, these doors cannot be raised exeept by
operating a gear and chain. Prying on such a door
may spring it so the gear will not work. A cast-
iron plate can be installed in the wall near the
chain and this plate can be broken to permit reach-
ing the chain and raising the door in an emergency.

(b) If doors are only stopped in the frame, the
stop can be raised with a sharp wedge and the door
swung clear of its fastening. (See fig. 13.)

LEDGE TOP RAIL
d&/ s'ﬂLE\F_ B
&
PANEL_ |
/ =
LEDGE
/ MIDDLE RAIL  (©
«,/
3
/ 1
LEDGE BOTTOM RAIL
FRAME-AND-BRACED PANEL DOOR

DOOR

figure 10, Cammon types of doors at Army posts.
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Figure 11. Iinge pins can be removed by tapping with az
or spanner wrench. This method saves damaging door or

casing.

Figure 12. Using door opener. Wedge should be inserted
just above or below lock. Spanner wrench may also be

used,
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(¢) If the door is set in a rabbeted frame; entry
is not easily made, Figure 14 shows how such a
door can be opened by splitting the jamb or break-
ing the lock bolt. Figure 15 shows how the same
door ean be opened with the wedge of an ax or door
opener; both door and jamb will be damaged
slightly, but the door can be closed again.

(d) A door opening outward can be opened by
inserting a door opener or the blade of an ax in
the erack between door and jamb, prying them
apart until the bolt clears. (See fig. 15.)

(e) Double doors can be opened by prying be-
tween the doors until the bolt of the active door

P ot

Figure 13. Springing a door in a stopped frome with a deor
opener. Tool should be used to separate lock and jamb
enough for lock to pass keeper.
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Figure 14. Opening door in a rabbeted frame.

Figure 15.

==
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Opening door with pick-headed azx. Blade is

inserted above ar below lock and pried to allow boll to pass

keeper,




clears. If an astragal covers the opening, it must
be cut away before inserting the wedge.

(f) Night latches should yield to the same pry-
ing as mortised locks, but if they are fastened on
the surface of the door with serews, they can be
bumped off by ramming the door with a heavy
object or a man's shoulder.

(g) Overhead-lift doors can be forced by prying
upward at the bottom of the door with a crowbar
or claw tool. Once the lock bar is broken, the doors
open readily.

Figure 16. Using door opener in hasp avoids damage to
padlock.

(k) If single-hinged doors such as those on ware-
houses and stables are locked with a hasp and
padlock, the staple of the hasp can be pried or
twisted off with a door opener. (See fig. 16.)

(i) Many double warehouse doors are secured
with a bar dropped into stirrups on the inside of
the wall. The door must be battered in or the wall
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breached with a battering-ram. The breach is made
at 4 point which permits slipping the bar from the
stirrups. For ordinary brick walls; battering a hole
large enough for a man to enter and unlock the
doors from the inside is sometimes the quickest and
least destructive method of aceess.

b. Openine Winpows. Prying with a wedge is
the principal operation in forcing windows. The
fire-fighter’s ax, the elaw tool, or other wedge-
shaped instrument can be used. If the wedge is
wide and thin, entry can be forced with little dam-
age. Types of windows and methods of opening
them are discussed below.

(1) Factory-type windows have steel sashes
which are often set solidly in the frame so only a
part of it can be opened. The movable part is
generally pivoted at the center or hinged at the
top, and latched on the inside. Since factory win-
dows have small panes, breaking a glass near the
latch is easier. Jagged pieces of glass left on the
sash are cleaned out before the hand is inserted.
Wired glass must be removed from the sash.

Figure 17. Locking devices that may be encountered in
check-ral windows.




Figure 18.

Method of opening check-rail window with

window opener, Az or spanner wrench may also be used.

(2) The check-rail window having two sashes
that meet. horizontally is the type commonly used.
If the sashes are hung with weights, they are locked
together. If the window has no weights, the sash
18 locked with bolts in the window stiles or by a
frietion lock pressing against the window jamb.
(See fig. 17.) Check-rail windows can be opened by
prying upward on the lower sash rail. (See fig. 18.)
If the window is locked on the check rail, the screws
of the lock give and the sashes separate. If it is
locked with bolts, they must be broken or bent
before the sash can be raised. Prying should be
done at the center of the sash to prevent breaking
the glass. However, if the check-rail latch is on
the side, the pry should be made directly beneath it.

(3) Basement windows can be opened in the
same way as a door in a rabbeted frame. If the
prying is done at the center of the lower rail, the
lock may be pulled off or sprung.

(b) To open windows on upper floors to provide
ventilation, the fire fighter lies face down on the
roof or leans from a window on the floor above,
applying the point or hook of pike pole to window
below. (See fig. 19.) The pike pole can also be
used to break the glass if the window cannot be
raised or lowered,

(5) Casement sashes are hinged to the window
jambs and meet vertically; they either are locked
together or to the window frame. Casement win-
dows can be opened much the same as double doors.
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Figure 19. Using pike pole to open window from above.

Generally they are securely locked and breaking
the glass is necessary. Casement sashes of wood
are generally hinged at the top and locked at the
bottom; metal sashes may be hinged either at the
bottom or at the top.

¢. Opening Roors. Roofs can be classified ac-




cording to the construction of the covering as
shingle roofs, composition reofs, or metal roofs.

(1) Shingle roofs include all those made of small
section of material fastened to the sheathing, such
as wood, metal, or asbestos. Shingles are nailed to
sheathing and ean be removed easily. Shingle roofs
are opened by stripping off the shingles and cut-
ting away the sheathing.

(2) Composition roofs have one to six sheets of
roofing material, generally tarred felt, nailed to the
sheathing and cemented together with asphalt. Hot
asphalt that hardens when it cools is spread over

the entire covering. Gravel may be spread into and
over the hot asphalt to become a part of the cover-
ing when it cools. The sheathing consists of 1-inch
shiplap laid tight on wood joists or on solid con-
crete. Composition roofs require more eare in open-
ing because they are more difficult to repair. The
covering is cuf and rolled back before the sheathing
is cut away to make an opening. The roof should
be sounded before eutting to locate joists and euts
should be close to the joist fo make both ecutting
and repair easier.

(8) Metal roofs, generally tin plate, have sheets

Figure 20. Removing lath and plaster ceiling. Position of
hands on top of pole insures downward and outward pull so
ceiling will not be pulled on top of fire fighler.
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Figure 21.

of metal crimped or soldered together as one sheet.
The sheets are fastened to sheathing the same as
for wood construetion under composition roofs,

Caution: Always work with the wind at the
back so gases and fire coming through the opening
do not hinder worker. After a roof is opened, open
the ceiling below by forcing it down with a pike
pole or other tool. A ceiling is not usually difficult
to push down from above.

d. OpeniNg Froors. Permanent-construction
wood floors are laid double on joists set on 16-
inch centers. The subfloor is laid at a 45° angle
to the joists; the finish floor, at right angles. In
mobilization-type buildings, a single floor is laid
on joists on 16-inch centers. In theater of opera-
tions type construction, a single floor is laid on
joists on 2-foot centers. Floors can be opened
much the same way as a flat roof, except that two
distinet cutting jobs are required for double floors

ROOF JOISTS S——i

RIDGE CAP

ROOFING

—

Section of typical skylight.

because finish floor and subfloor run in different
directions. Joists are located by sounding, and both
cuts follow the side of the joist toward the re-
quired opening. For efficient cutting, the hand
which applies the force is held halfway up the ax
handle; feet are spread for good balance. The cut-
ter stands outside the area to be opened.

e. Opening Crmmings anp Wanns (fig, 20).
Plastered ceilings are opened by breaking the plas-
ter and pulling off the laths. A pike pole is good
for this job. Metal and composition ceilings can
be pulled from joists the same way. Board ceilings
are hard to remove because the pole cannot be
pushed through to get a purchase for the hook.
The following precautions must be observed:

(1) Do not stand under the area to be opened.

(2) Pull down and away to avoid being hit by

falling material.

g
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Figure 22,
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Breaking window glass with az.




(3) Keep the upper hand on top of the pole to

aid in pulling away.

(4) Always wear a helmet when pulling down

a ceiling.

f. Opeving SxyniguTs (fig. 21). Skylights are
generally in a metal frame that slips over a flanged
roof opening. By prying under the edge, the en-
tire skylight ean often be pulled loose and removed.
If the light cannot be lifted, glass can be taken out
by releasing the metal strips that cover the joints
and removing the putty.

g. Breaxixe Grass (fig. 22). Glags in doors or
windows is broken easily with the flat side of an
ax. The person breaking the glass stands to one
side and strikes the upper part of the glass first
so broken glass eannot slide down the ax handle.
After the glass is broken out, all jagged pieces are
removed from the sash to safeguard personnel, hose,
and ropes. This may be done with the pick of
the ax.

h. Carrvine Toors. Proper procedure in carry-
“ing tools is as important as knowing how to use
them. Tools with sharp hooks or sharp edges should
never be carried on the shoulder; if the fire fighter
gtumbles, he may release his grip on the fool, which
could fall against him or strike another person.
Sharp edges and points can best be guarded if tools

21

Proper methods of carrying an ar.

Figure 23.

are held in the hands. An ax is earried as shown
in figure 23. In this position it can be easily dis-
carded from the body, and others are proteeted
from its sharp edges. Tools with a hook, such as
a claw tool, are carried at the side and with the
hook forward. Points of pike poles are shielded.




SECTION V

ROPES L 25" |
i 1
13. General §| EXTRA KEYHOLE
L ; . =| FOR SMALLER OR
Rope is indispensable in fighting fires, the com- o SHORTER ROPE
monly used type being the hand line. Hand lines I ’ /COTTER KEY
for hoisting and anchoring should be 24-ineh rope I !—F-' £ il |
in 100-foot le?gtils;‘they may have an eye spliced ;'1‘ | correr kEY e | o 1
in one end. For quick use, a hand line should be ¢ | |- |

I _ @ |

coiled so it pays out without tangling, even when
dropped from the top of a building. Figure 24 [~
ghows a properly coiled line and two methods of
earrying it. The rope is grasped with one hand, the
loose end 18 pulled from inside the coil, and the coil
is dropped with the eye.

o

]

14. Procedure

a Comng A Ling. Figure 24 shows a device
for coiling rope. Threads are reamed out of the
straight side of the tees so they slip over the pipe.
Both tees and pipe are drilled as shown so they
can be secured in place with cotter keys. The
assembled winder may be secured to a solid object
such as a bench or set in a frame, and the coil
wound as follows:

(1) Start with plain end of the rope and wind
it around standards in order shown in fisure 24
until only enough rope is left to complete the coil.
This amount can be determined accurately only
through practice.

(2) Coil rope in crosswise direction by turning
the erank, lapping the second coil over the first.

(3) When the opposite end is reached, pull the
cotter keys and slip pipe from coil.

(4) Fold free end and slip loop through end of
coil.

(5) Slip free end through the opposite end of
coil and through loop.

(6) Pull loop tight.

(7) Make loops large enough to load coil on
the shoulder. Adjust size by pulling loose end of
rope through lock loop.

@ Frame for making coil.
@ Starting coil.
Cross section showing posilion of each twrn.
@ Coil nearing completion.
® Preparing coil to be carried on fire fighter's back,
® Completed coil,
@ Method of carrying.
Figure 2. Coiling rope.




tied easily. (See fiz. 28.) Use this knot when the

@ @ strain on the rope is to be constant. Form knot of
c g A c 5 tight loops for security.
c 7 (3) For a loop on the end of a line, use the
’(v A&— bowline, which does not slip and is easily untied.

(4) Use the square knot to tie ends of equal-size
: ropes together and for bandages. Connect ropes of
unequal diameters with the becket bend. (See fig.
29.)
(5) Because of their shape, axes are difficult to
secure with a hand line. Figure 30 shows a single-
: loop ax hiteh and a double-loop hiteh, use when the
rope has no loop. Secure loose end of line in double

>
@/—‘w

EYE SPLICE hiteh on ax head and a single half hiteh on end of
handle.
(6) Figure 31 @ shows a method of tying to a
@ @ ladder for hoisting it. Make hitch about one-third
length of ladder from top. After end of rope is
p ) passed around beams of ladder as shown, throw
\ loop into line and pass free end through it, making
= a bowline. When knot is pulled tight and stretched
H ‘_,f/ 3 = iz over cross rope, ladder is secure for hoisting. Fig-
3 ure 31 ® shows a variation of bowline for hoisting

g ladder. Make bowline loop in end of rope, pass-

; I o
WHIPPING THE END OF A ROPE

Figure 25, Splicing and whipping.

b. Knors axp Hitoues. A knot should serve the
purpose required, be easily tied and untied in the
dark, and be recognizable by another fire fighter
in the dark. Rope ends should be whipped to pre-
vent fraying, and eyes may be spliced in both ends
of rope. (See figs. 25 and 26.) For fire department
use, damaged rope should be replaced, not spliced.

(1) To tie a line to a hand tool such as a pike
pole, use the clove hiteh which holds securely and
does not slip. It should be tied near one end of
the pole with a single half hitch around the other
end. Figure 27 shows the completed tie and how
the same knots can be used for hoisting other pieces
of equipment, hose, and tools.

(2) Anchor a rope to a solid object with the
chimney hiteh, which does not shp and ecan be un- Figure 26, Making a short splice.
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CLOVE HITCH

POLE HOIST EXTINGUISHER
HOIST
Figure 27.  Hitches used for hoisting equipment. Heavy end
of bar and pointed end of pike pole are uppérmost.

ng‘m‘(:‘ 28, (‘frimﬂp'l‘)‘ hiteh wsed to SECUTE TODPE ON which
constant strain 1s placed. Rope can be shortened or
lengthened by slipping knot.
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Figure 29. Becket bend. Figure 80. Az hitches
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@ Siz steps in making ladder
hoist.
@ Variation of bowline for
ladder hoist.
Figure 81. Hoisting ladders.
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ing loop through ladder under proper rung and over
end of ladder. This tie can be made in the dark
more easily than the other.

¢. Rorr Hose Toor (fig. 32). The rope hose tool
is made of about 10 feet, of 34-inch manila rope and
a 16-inch length of 15-inch cold-rolled steel. Before
making the splice, make four complete twists op-
posite to the direction of the twist in the rope to
secure a perfect loop when the splice is finished.
The rope hose tool can be used as a belt for anchor-
ing to ladders, anchoring nozales or ladders, carry-
ing hose, and many other jobs.




Figure 32. Rope hose tool, detail of hook, and suggested uses. Eye of hool should be welded for grealer security.
Rope loop should be aboutl 3 feet long.
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SECTION VI
LADDERS

15. General

Ladders are generally used in an emergency when
every second counts; therefore, fire figchters must
know how to carry, raise, and climb them most

1

Figure 34. One-man carry for short ladder.

efficiently. Practice is necessary to make these
operations as nearly automatic as possible.
' @. LappeEr NomencraTure, The standard lad-
ders supplied by the Corps of Engineers (fig, 33)
have solid beams, with rungs set in the beam's
center. The following terms are commonly applied
to ladders:

(1) Bed ladder, lowest section of an extension
ladder.

(2) Fly ladder, top sections of an extension
ladder.

(3) Butt, ground end of a ladder.

(4) Heel, extreme ground end of ladder beam.

(5) Halyard or fly rope, rope used for raising fly.

|

=l

Figure 38, Standard fire ladders supplied to Army
installations.
@ Roof ladder, 14-fool.
@ Extension ladder, 2/-foot. The 2.-foot ladder has two
1j-foot seclions with 4-foot overlap. Figure 85. One-man ladder raise.
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(6) Pawl or dog, mechanism on lower end of fly
that locks it to the bed ladder.

b. Tyres. (1) Extension ladder. Extension lad-
ders consist of a bed ladder and one or more fly
ladders. The fly ladder, shiding through guides on
the upper end of the bed ladder, has locks that
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Figure 86. One-man raise for extension ladder.
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hook over the rungs of the bed ladder. The fly 1s
usually raised with a halyard fastened to the lower
rung that operates over a pulley on the upper end
of the bed. The 24-foot extension ladder is the
type commonly found on pumpers.

(2) Straight ladder, Straight ladders, or wall
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ladders have one section. They range in length
from 12 to 16 feet, the most common sgize being
14 feet.

(3) Roof ladder. The roof ladder is a wall ladder
adapted for a special purpose. Roof ladders usually
have hooks mounted on a movable socket, which
permits them to fold inward when not in use. Plac-
ing the hooks over roof peaks, sills, walls, or the
coping of any opening makes the ladder safe and
reliable whether the but rests upon a foundation or
not., With the hooks set so they do not protrude
beyond the ladder beams, the ladder can be used
as a wall ladder. The roof ladder is used when
pitch of roof or weather conditions might endan-
ger the safety of men. It is valuable in getting to
peaks of gabled roofs to facilitate removal of shin-
gles or to cut holes for ventilation. It can also be
used to enter scuttle holes or holes cut through
flooring and sidewalk openings.

16. Procedures

Ladder-handling procedures given in this manual
are limited to ladders commonly found on an Army
type pumper and to extension and roof ladders.

a. STra1oET LADDERS, Short straight ladders 16
feet or less can be handled safely by one man.
Procedure for handling & short ladder by one man
follows:

(1) Securing. Lift ladder shoulder high and
place arm through it near center for balance. (See
fig, 34.)

(2) Carrying. Carry ladder on shoulder by grasp-
ing a rung or beam with the hand that is through
the ladder, leaving one hand free. Tilt front of
ladder down to give clear vision and prevent cateh-
ing on overhead obstructions.

(3) Placing. Place butt of ladder against build-
ing or other secure object.

(4) Raising. Raise ladder to a vertical position
with both hands by walking toward foot, grasping
every other rung. (See fig. 35.) Grasp ladder by
rungs with hands about three runs apart and set it
at a climbing angle. Placing the butt one-fourth the
length of the ladder from the building is a good
goneral Tule.

(5) Lowering. To lower the ladder, reverse above
aperations.

b, Exteysion Lappers. (1) One-man raise. Ex-
tension ladders no longer than 24 feet ean also be
carried and raised by one man. (See fig. 36.)

(a) I ladder is on the ground—

1. Place ladder with fly down.
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Figure 37.

Face top of ladder, about one-third the
distanee from the top.

Raise ladder above shoulder level, turn-
ing it on the beam and lowering it to the
shoulder.

Slip shoulder forward until ladder bal-
ances. Level ladder on shoulder and brace
it by grasping upper beam or rung with
hand of carrying arm, leaving the other
hand free.

At desired loeation, lower butt of ladder
against building and raise to a vertical
posifion. Keep fly next to building by
pivoting ladder on beam if necessary.
Place one foot on ground with knee
against beam to steady it. Grasp hal-
yard, keeping top of ladder toward build-
ing to balance it. Raise fly.

When flv is raised, move bottom of ladder
until distance from bottom of ladder to
building is about one-fourth the length
of the ladder.

To lower ladder, place one foot on bot-
tom rung to steady it, bring ladder to a
vertical position, and reverse operations

Two methods of footing ladder for two-man
raise.




BE SURE HOOKS
ARE SECURE
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@ Shert roof ladder placed on one=story butlding.
@ Longer roof ladder placed on two-story buwilding.
Figure 38. Placing roof ladders.

(b) If ladder is on a truck or hangers, set the
shoulder at center of ladder and 1ift it directly to
the shoulder.

(¢) If ladder is to be set on conecrete, place heel
of ladder against building or other objeet. Set it
at desired distance before raising fly,

(d) If ladder is to be placed in a window, place

it at one side, not in the center, so hose taken
through window does not cross ladder.

(2) Two-man raise. When two men raise the
ladder, one man stands at the heel and the other
towards the top. The man heeling the ladder can
help by throwing his weight back to balance the
ladder; he should erouch, always watching the top




of the ladder. (See fig. 37.) When raising the fly,
the inside man steadies the ladder while the out-
gide man raises the fly. The beam raise is another
two-man method of raising a ladder. Place ladder
on beam. One man places a foot on lower beam
heel, grasping the upper beam with both hands;
the other man stands beside ladder facing the top.
Grasping a rung with the hand nearer the ladder,
he raises it shoulder high and under it. With both
hands grasping the lower beam, he walks the ladder
up. The fly ladder must be kept next to the
building.

¢. Roor Lappees. (1) Figure 38 shows position
for carrying the roof ladder, the top end ahead
and lower than the shoulder for safety. For one-
story buildings, the man using the roof ladder is
at the building eave. When the top of the roof
ladder is raised to him, he opens the hooks and
slides the ladder to its place on the roof.

(2) If a two-story building is involved, the man
on the ladder takes a position where he can reach
the top of the roof ladder and both men carry the

roof ladder up until the top man reaches the eave
where he locks in and proceeds as before, the sec-
ond man assisting as shown. To lower the roof
ladder, the operations are reversed.

d. Cumeine. Two faetors in climbing are
rhythm and safety.

(1) Obtain proper rhythm by taking every rung
with the feet and every other rung with the hands.

(2) Keep one hand on the rungs. When carry-
ing something with one hand, slide it along the
beam. Place feet at the center of the rung to pre-
vent wobbling; carry body nearly upright by keep-
ing arms straight. Use ball of foot in climbing.
Climb steadily and smoothly; do not run.

(3) Figure 39 shows method of locking in on a
ladder. Keep locking leg opposite to side where
work is done, placing other foot against beam. This
method leaves both hands free to handle hose,
ladders, and tools. Anchor to ladder with a rope
hose tool or a safety belt only when one position
must be kept for some time.

e. AncuoriNGg Lappers, For safety, a ladder

Figure 39. Methods of locking to a ladder. Short men
should lock fool around rung; tall men, around beam.
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should be anchored to the building with a rope  anchor prevents the ladder from vibrating, slipping
hose tool, hose chain, or strap. (See fig. 40.) The or turning over when load is shifted.

Figure 40, Anchoring ladder with rope hose tool, Slack
must be taken from rope by Lwisting or taking extra twrn
uround rung.
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SECTION VII
FIRE HOSE

17. General

Fire hose must be flexible, watertight, and durable.
Fire fighters must know hose construction and the
various types used before they can use it efficiently
or care for it properly.

18. Types

Three types of hose are used for fire fichting. They
differ in diameter and construction to meet the re-
quirement of specific uses. All fire-hose threads
must conform to the Table of National Standard
Fire Hose Thread unless specific authority is given
for variation. The following types are supplied by
the Army.

a. Corron-Jacker, RuBser-Linep Hose. Cotton-
Jacket, rubber-lined hose is supplied in four sizes,
1%, 2Y%5, 3%, or 4 inches.

(1) Cotton-jacket, rubber-lined hose in 1%%- or
2Y%5- inch sizes is commonly used to carry water
under pressure from the source of supply to the
fire. Tt may have either a single or double jacket
of the best grade of cotton to resist scuffing or
abrasions and withstand high pressures required in
fire service. The rubber lining may be an extruded,
seamless-rubber tube or cemented, lap-jointed, eal-
endered sheets. Lining is constructed so the pass-
age of water meets minimum resistance to reduce
friction loss. The hose comes in 50-foot lengths;
couplings are brass or malleable iron with pin or
rocker lugs.

(2) Double-jacket eotton, rubber-lined hose is
tested at time of manufacture to 400 pounds per
square inch (psi). However, field-service tests to
insure emergency operdation must be made in ae-
cordance with TM 5-687. Pressure over 200 psi
must never be imposed during tests on this type
hose.

(3) Single- or double-jacket cotton, rubber-lined
hose of 11%-inch size is used for hose complement
with elass 300 brush trucks, class 325 fire trucks,
on standpipe lines, and sometimes for leader lines
on pumpers. Use of 114-inch hose for leader-line
equipment is specifically authorized when local
conditions warrant,

(4) Single- or double-jacket eotton, rubber-lined
fire hose of 216-inch size is used for hose comple-
ment with class 500, 525, and 750 pumpers and on
hand-drawn hose carts.
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(5) Cotton-jacket, rubber-lined hose of 31%- and
4-inch sizes is used as a soft suction hose to con-
nect a fire pump to a hydrant. This hose permits
passage of enough water for pump capacity if no
sharp bends are present; it is suitable only when
enough water pressure is available to prevent col-
lapse. Couplings on both 31%- and 4-inch soft suc-
tion hose have 4%%-inch National Standard hose
threads to permit connection to pump intake with-
out an adapter.

b. Rupser-Coverep, Rupser-Linep Hose. Rub-
ber-covered, rubber-lined hose is used for booster
lines and hard suetion hose. For the latter service,
a spirally wound metal reinforcement or metal
braid is used to prevent collapse.

(1) Booster hose has a rubber tube with multi-
ple plies of woven cotton duck or braided-cofton
reinforcing bonded together. Over this, a rubber
cover protects against wear and abrasion. Usually
booster hose has a 1-inch diameter and is made in
lengths of 50 or 100 feet. Specifications require a
test pressure of 400 psi, but service tests must be
made as required in TM 5-687.

(2) Hard suetion hose is made in 3-, 4-, and
41%-inch sizes. Lengths usually are 10 feet al-
though some longer lengths are used for a squirrel-
tail suction. This hose is required to stand a nega-
tive or vacuum pressure equal to 23 inches of
mercury.

¢. Unuinen Lineny Hosp. Unlined linen hose is
suppplied in 115-inch size only; it is made of closely
woven linen without a rubber inner lining, the
tightness of weave holding the water. Seepage be-
fore saturation is normal because linen fibers swell
when wet. Unlined linen hose is used where exces-
sive pressures are not encountered, as on standpipe
systems; it is suitable where hose is rarely used.
This type should not be used for other than its
intended emergency purposes,

19. Couplings

a. Gexeran. For convenience in handling and
replacement, hose is manufactured in 50-foot
lengths which must be coupled together. Couplings
must make it possible to connect and disconnect
hose lengths quickly and easily. Brass, bronze, or
combinations with malleable iron are generally
used for couplings during peacetime, but many
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hose couplings have been made of malleable iron
which requires more careful maintenance and pro-
tection during handling, (See TM 5-687.) Because
of the dependence placed on fire hose during an
emergency, all hose couplings must be handled
carefully.

b. Tyees. Several types of couplings are used in
the fire service; the most common are described
below.

(1) The three-piece coupling has male and fe-
male thread ends. The female thread is in the
movable part of the coupling, flanged on the im-
movable part that is fastened to the hose. A gasket
fits snugly inside the female end of the coupling,

(2) Pin-lug and rocker-lug couplings have the
same internal construction and use. The difference
is in the lug, Sinece the lug affords a hold for the
spanner wrench, its design must meet this require-
ment without hindering manipulation of the hose.
The rocker-lug coupling offers less hindranee than
the pin-lug in passing hose over or around obstruc-
tions.

(8) Suction-hose couplings have extended lugs
which- are helpful in connecting the hose. Their
general construction is the same as for regular
couplings.

20. Appliances

If fire fighters are to use all available equipment
to the best advantage and produce desired fire
streams in the shortest possible time, they must
have wvaroius hose appliances at hand and know
how to use them. Common appliances include—

@. Double male connection (fig. 41 @), used for
connecting two female ends of hose or appliances.

b. Double female comnection (fig. 41 ®), used
for connecting two male ends of hose or appliances.

e. Siamese and wye conmections, used respec-
tively for uniting and dividing two lines of hose.
They may be used on hose of equal or unequal size.

d. Nozzles, metal appliances used to direct and
control the fire stream. A shut-off nozzle has three
sections: play-pipe stub, controlling valve, and fip.
Underwriter’s play pipe has two section: play pipe
and tip. Nozzle tips are removable.

e. Hose jackets, used when small cuts or breaks
oceur in hose during operation. The jacket is
opened and one side placed under the hose at the
leak: the upper part of the jacket is then snapped

together. It can be used where threads on hose

couplings are of different sizes or are badly dam-
aged. As a temporary hose coupling, the two cou-
plings are brought together within the jacket and

the jacket closed. Pressure inflates and seals the
couplings.

f. Hose clamps, used for shutting off water in
lines to replace burst sections of hose. make tap-ins,
extend lines, and so on without shutting off source
of supply. It is also used when laying a line of
hose from the hydrant, allowing the man at the
fire hydrant to operate the hydrant without a sig-
nal from the company officer at the fire, This speeds
operation by having water controlled at the fire.
The clamp is placed on the hose about 15 inches
from the coupling. It ean be used to shut-off a
charged line being carried aloft or moved any great
distance. Since water in one 50-foot length of 214-
inch hose weighs approximately 105 pounds, drain-
ing the hose may save time and effort. Hose elamps
may be made locally. (See fig. 42.)

21. Loads

a. Gexerar. On mobile apparatus carrying large
quantities of hose, the method of loading is a defin-
ite problem. Factors to be considered in making a
hose load include—

(1) Economieal use of available space.

(2) Retaining natural shape of hose by prevent-
ing short bends or erushing.
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PAYS OUT

\)\Juh},uu

C\uuuuu

LAST LINE OF HOSE AT REAR
THIS SIDE 1S BROUGHT
UP GRADUALLY TO START
SECOND LAYER IN REAR
CORNER

Figure 48. Horseshoe load.
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Figure 44. Accordion load.

(3) Ease with which load pays out when making
a hose lay.

(4) Ease with which armfuls of hose may be
withdrawn from load.

b. Horsesuor Loap (fiz. 43). The horseshoe
load (U-load) miost nearly meets the above require-
ments. It is started in the right corner of the bed.
Hose 1s laid around the inside of the bed with
alternate rear folds made shorter so bends do not
erowd. Rear bends on the half of the bed around
which hose for the next layer passes are 2 inches
shorter so the completed load is neat.

¢. AccorpioN Loap (fiz, 44). Although the ac-
cordion load is easy to place in the hose bed and is
generally used, all the bends are sharp, tending to
cramp the hose’s rubber lining. The load is started

with the hose end in the right front corner, with the
hose folded back and forth across the hose bed.
Every other bend is made a few inches shorter than
the preceding one so bends are less sharp and pay-
ing out is easier. When completing the layer at the
gide of the bed, the last length is gradually raised
from front to rear until at the rear it is on top of
the first layer. As each layer is completed, the
remaining space becomes narrower than the dia-
meter of the coupling. If the hose is placed in
this space so the coupling must turn around in
paying out, it will jam. To avoid this, a reverse
bend (Dutehman) is made at the coupling as
shown. This procedure is also used to avoid placing
two couplings in one layer immediately opposité
each other.

d. Barrne-Boarp or Divibep Loap (fig. 45).
Loading hose on apparatus using a partition to
divide the load is called the bafle-board load. This
method enables one picce of apparatus to lay two
lines of hose at one time; it may be used where
short lines to heavy streams are required. Some
fire departments make one side of the load a con-
tinuation of the other side so a single long line
may be used if desired; this is done by loading the
left. compartment first and then carrying the line
around the rear of the partition to begin the other
load. When a single line is needed, the hose is run
from the right compartment; when two are used,
the coupling joining the two sides is first discon--
nected.

(1) The divided hose body makes possible car-
rying one side loaded to lead off with the female
coupling for a hydrant-to-fire lay and other loaded
to lead off with the nozzle for a fire-to-hydrant lay.
The two loads may be joined by a double con-
nection,

(2) Where 11%-inch hose is used, ecarrying two
lines eonnected to a wye but not connected to the
215-inch line is an advantage. The divided hose
body makes this combination convenient.

22. Hose-load Finish

To save time and to insure having enough hose
either at the hydrant or at the fire, the hose load
is finished so that enough of it to do all that may
be expected can be easily dumped.

a. Doveaxur Loan. The doughnut-roll finish is
good practice when laying from hydrant to fire.
Figure 46 shows how the roll is made in place on
the hose load. The man catching the hydrant grabs
the loose end of the roll and steps off the truck,
sliding the entire roll with him. As it unwinds, the
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Figure 45.

end to the hydrant is extended enough to make
connection easy.

b.Skmp Loap. Figure 47 shows the skid load,
used when hose is laid with nozzle out and lay is
made from fire to hydrant. About 125 feet of hose
is used for the skid load, all placed above a level
lower layer, free from protruding lugs and with
its last folds fairly loose.

(1) Starting at front end of body, put in a few
cross folds.

(2) Make a pair of skids with 8-inch overhang-
ing handhold loops.

(3) Lay cross folds on skids with plenty of
clearance at each side and with couplings riding
on gkids.

(4) Place nozzle on top of all.

(5) When truck stops at fire, pull off load by
pulling on skids. This makes over 100 feet of free
hose available. Its weight on the ground unloads
other hose as truck proceeds to hydrant. This finish
load can also be used with 134-inch hose to a great
advantage,
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c. Riprap Loap. The horseshoe or U-load is
sometimes difficult to start unloading because of
friction and tightness of folds. To insure easy run-
ning of enough hose to make the plug connection,
the riprap load finish is used. Figure 46 shows the
hose arrangement, eross folds lying loose enough
to run off easily and give the plug man time to
secure the hose.

23. Lay-Outs

Although hose can be loaded at leisure, time is at
a premium in making hose lay-outs and advanee-
ments must be done quickly with the keenest skill
and cooperation possible. Two definite hose lay-
outs are recognized as good practice, straight lay
and reverse lay, described below. The fire depart-
ment must practice these procedures thoroughly
until they are perfected.

a. StratcHT LAY (fig. 48). The straight lay is
from hydrant to fire. The truck slows down at the
hydrant, drops off the plug catcher, and proceeds
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Figure 46. Doughnut load.

to the fire. Since hydrant pressure is used entirely,
the truck remains at the fire where all its equip-
ment iz accessible,

b. Reverse Lay. When pumpers are used, the
truck must be located at the hydrant, requiring a
reverse lay from fire to hydrant. Keeping a dou-
ble female connection on the male end of the hose
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and a double male on the nozzle is good practice.
If a reverse lay is made, the nozzle is ready to
attach; if a straight lay is used, the double male
can be removed and the nozzle connected directly.
This is done because unserewing a double connee-
tion is easier than getting one from the truck.

(1) Fire fighters must know their loads and the
ways of adapting them to the situation to avoeid
serious delay,

(2) All men must not leave the truck at the fire.
One man should remain to assist the driver to make
hydrant or pump connection. Sinee the truck must
remain at the hydrant, all necessary tools should
be unloaded at the fire.

c. StrAlGHT-TO-REVERSE LAy (fig. 49). If getting
apparatus near enough fo a fire to complete a
straight lay is impossible, a straight-to-reverse lay
is used. The apparatus is driven as near the fire
as possible; the hose is broken and a double female
coupling is attached to the lay to receive the male
end of the hose when it is advanced. A double
male coupling is attached to the open end of the
hose on the bed and a nozzle is attached to it. Next,
the hose is advanced to the fire and the hose is
broken and connected to that laid from the hydrant.

24.

a. Types or Hyprants. Several types of fire
hydrants are in use, differing somewhat in con-
struction. Most hydrant are opened by turning a
valve to the left. The number of turns needed to
open a hydrant varies with the make, 12 to 20
turns usually being required. To get full flow, the
hydrant must be opened completely. If the hy-
drant sticks at about 8 to 10 turns, closing the
hydrant and then reopening it may be necessary.

b. Margings. TM 5-685 (when published) re-
quires marking fire hydrants with their capacity.
In applying markings, capacities of hydrants are
determined by fire-flow tests on one hydrant at a
time. Markings are made locally as desired. They
insure the operator of the first truck only of enough
water at the time he makes connection; a thorough
knowledge of the post water system is still required
of pump operators.

¢. Carcaing Hyprant. While catehing a hy-
drant is a simple operation, a few time-saving
points and safety hints must be considered.

(1) The driver should swing close to the curb
and slow down enough for the plug man to step
off safely.

(2) A doughnut roll on top of the hose load per-
mits control of enough hose for the operation.

Hydrant Connections




(3) The plug man should' grasp the hose with
the hand farthest from the hydrant, carrying the
hydrant wrench in the other. This allows him to
run to the hydrant without having hose across his
knees.

(4) The plug man steps off the truck about 20
feet before reaching the hydrant, runs directly to
the plug and goes halfway around it on the side
away from the curb. This permits him to face the
hydrant outlet in the best position for fast work
and still be clear of the line if it fouls in the bed
and whips the hose around the hydrant barrel. The
hose should be lapped around the hydrant and held
firmly with the foot.

(5) Facing the outlet closest the fire, he puts
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SKID LOAD

the female ecoupling on' the ground, keeéping his
foot on the hose close to the coupling until he is
ready to make connection.

(6) The hydrant cap is loosened and the wrench
is placed on the operating nut.

(7) The eap is taken off, hose 13 taken from
around the hydrant, the connection is made to the
outlet handtight, and the line is charged when the
signal is given.

(8) If the conneetion leaks after water is turned
on, it can be tightened with the spanner.

d. Breaxing Lixe, After the hose clamp has
been applied, enough hose has been removed, and
the proper nozzle selected, the coupling must be
broken. Figure 50 shows proper practice in break-

DROPPING OFF SKID LOAD

Figure 47. Skid-load finish for reverse lay. Makes about
125 feet of hose immediately available at fire.
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Figure 60. Coupling hose. Male end of hose is in lefi
hand. Hose is supported on hip with right elbow to re-
licve strain al couplings and free both hands te align
and tighten threads.

ing couplings. The nozzle man stands facing the
male part of the coupling with hose aeross his right
knee. Holding the male part of the coupling with
‘his left hand, he unscrews the loose flange with his
right. If he cannot break the coupling, he may set
his foot on the male end, freeing both hands to
apply force to the tum.

e. ArTacHING NozziLe. The nozzle ean be at-
tached by the same procedure as for breaking the
line or as shown in figure 51. On pavement or dry
ground, stepping with one foot, directly behind the
male coupling is usually enough to force the male
coupling up so the nozzle can be attached easily.
Holding the coupling between the feet is sometimes
TIECESSary.

25. Hose Carries

For efficient line advaneement, the method of hose
carries must be uniform throughout the department.
Once the specific operations of maneuvering hose
are mastered, they must be applied in cooperation
with other workers. Mistakes of one fire fighter
throw the crew off balance and waste valuable
time. The procedures given below provide harmony
and teamwork,

a. CarryiNg Practices, Figure 52 shows a good
method of carrying the nozzle end of the hose when
advancing; it leaves both hands free for opening
doors, climbing ladders, and so on. The nozzle is
out of the way and its weight holds the hose to the
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shoulder. The hose can be carried on the shoulder
next to the line for a short distance. Figure 53
shows methods of carrying the hose back of the
nozzle man. For the shoulder earry, care should be
taken to place hose on the same shoulder as the
nozzle man. The underarm carry is particularly
good for advaneing lines at street level. This under-
arm load can be picked up easily from the skid-
load finish.

b. ApvanciNg 2V6-iNoH HoSE FrROM STRAIGHT
Lay. Figure 54 shows the method of advanecing the
straight lay from hydrant to fire. Practice and
teamwork determine the number of men best
adapted to a loeal condition. As shown, the hose is
removed from the apparatus in a prescribed way,
enabling nozzle man and fire fighters to carry the
hose in an orderly manner. A hose clamp is in place
on the line leading in. When the line has been ad-
vanced, the hose clamp is removed to charge the
line.

c. ApvANCING 2V6-iNcH Hoske FroM A REVERSE
Lay. Figure 55 shows the method of advancing the
reverse lay of 215-inch hose from fire to hydrant.
This is similar to the straight lay exeept that good
policy requires one man to hold the hose for a
time so it feeds out of the apparatus without pull-
ing all hose away from the fire. If possible, a man
should be left on the tailboard to make the hydrant
connection or help the driver make the engine hook-
up. The reverse lay requires perfect cooperation
between driver and fire fighter. The driver must

@ Left hand ts placed on thigh. Nozzle rests on thigh to
pormit easy alignment for starting threads.
@ Holding male end with feet to facilitate atlachment.
Figure 61. Attaching nozzle. Nozzle must be in shut-off
position when not in operation,







SHOULDER CARRY

UNDER-ARM CARRY

Figure 63. Methods of carrying hose behind nozzle man.
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give enough time for hose to be unloaded: fire
fighters must give the driver the proper signal.

d. Resmoving 2V6-ivon HoSE FROM APPARATUS BY
Hanp, Having enough hose at the fire for advance-
ment is a problem whether a straight or reverse
lay is used. Dumping hose off the apparatus into
a pile directly behind the truck invariably results
in tangled hose. Hose can be removed more easily
from almost any load previously deseribed, prefer-
ably the horseshoe load, by the method shown in
figure 56. The operator grasps two handfuls of the
looped ends of hose and steps backward, allowing
hose to feed out on the ground in straight parallel
lines at least 16 feet from the apparatus tailboard.

This pulls out about 60 feet of hose from the horse-
shoe load. If more hose is desired at the fire, an-
other pull is taken directly alongside the first. In
case of a straight lay, the hose clamp should be
applied before the extra hose is unloaded.

€. ADvANCING 2V6-1necH Hose up a Labper. Ad-
vaneing 2V%-inch hose up a ladder should always
be done with a dry line if possible. If the line is
already charged, time and effort are saved if the
line is drained before advancing it. Figure 57
shows the method of advancing a dry line up a
ladder. Men climb about 10 feet apart with about
20 to 25 feet of hose between them. Additional hose
must be fed to the men on the ladder so they will

Figure 54. Advancing hose from straight lay. Hose is laid
out. behind truck, each man picking up hose at coupling.
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not become fouled. When enough hose for adequate
maneuvering has reached the desired floor or the
roof, the line should be anchored to a fire wall or a
window &ill with a rope hose tool, chain, or strap.
The anchor should be made directly below the
coupling to remove the strain.

f. Apvancing 2146- or 1l4-inem Hose up A
Stamway, Hose is hard to drag in an open place
and exceedingly difficult around obstructions offered
by a stairway; much time can be saved if the hose
is carried. Figure 58 shows a method of advancing
up a stairway with the underarm ecarry. If hose
has been properly removed from the apparatus, the
fire fighter can easily get an armful as it lies on
the ground. Advancing is faster and mueh easier
if the line is kept dry until the fire is reached; this
can be done by keeping the hose elamp in place
until the proper time for release.

g. Homsmine Hose wite Haxp Ling (fie. 59). It
is sometimes necessary to take a hose line to an
upper window or over a roof parapet with a hand
Iime. The line should be dropped from the desired
point and secured to the hose. The nozzle should
be turned back on the hose to prevent injury. To

Figure 66. Removing hose from apparatus.




Figure 67. Advancing line up a ladder.

lower a line, the tie should be made as shown. For
ease in hoisting, the line should not be charged.

h. RepraciNG BursT SEcrioNs or EXTENDING
Suort Lines. Either replacing a burst section of
hose or extending a short line requires shutting
down the line. A hose elamp and one or more sec-
tions of hose are required. The required amount of
hose should be laid in place before applying the
hose elamp so connections can be made quickly. If
a hose clamp is not available, the line may be
kinked behind the coupling to save time required
to go back to the hydrant. (See fig. 60.)

1. LenxeraeNiNGg Ling. Every precaution must
be taken to provide enough hose for possible man-

euvering needed at a fire to reach any part of in-
volved structures. When 134-inch lines are fed by
a 214-inch line, the larger line must be long enonugh
to be advanced as needed. When a line must be
lengthened, the method illustrated in figure 61 is
excellent.

j- Haxprine Hose ox Lapper. Working on a
ladder is rather unstable, especially when handling
a charged hose. To prevent accidents and save
effort, the hose ean be anchored to the ladder as
shown in figure 62. A hose rope, hose strap, or
hose chain may be used for this purpose. Figure
63 shows how the rope hose tool may be used.

k. SpEciaL Procepures. Several methods for
laying lines and handling hose, not specifically de-
geribed above, are illustrated in figures 64, 65, 66,
67, and 68.

Figure §8. Advancing line up a stairway. Easily done from
a shid-load finish.




Ties for hoisting and lowering hose.

Figure 69.
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Figure 60. Kinking a charged line to stop flow of water.
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@ Two men laking 100 feet of hose [rom truck.
@ Proceeding to end of line.
@ When second man is 25 feet beyond end of line to be
lengthened, he drops hose and goes back to make con-

nection.
@) Line is connecled while first man continues on, paying
off hose from shoulder.
Figure 61. Lengthening a line of hose.




Figure 62. Ladder strap used to secure hose lo ladder.
Opening in strap must be in direction of pull so strap
cannot slip out.

Figure 63. Securing hose to ladder by rope hose tool so
fire stream can be directed into window.
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Figure 65. Forming shoulder loads for moving hose line. Figure 66. Tymg hose lo counteract reaction or & ick-back.
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Figure 67. Carrying a properly folded single section
of 2Y%-inch hose.

Figure 68. Securing hose for nozzle mobility. Loop formed
in hose is rolled toward nozzle end.
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SECTION VIII
SALVAGE

26. General

Salvage work in fire fighting consists of preventing
excessive damage by fire, smoke, and water. The
practices below have proved effective in the light
of proper-loss reports from War Department rec-
ords and actuarial records of other groups. Keep-
ing fire loss at the minimum requires knowledge of
salvage operations and ability to improvise new
methods. Salvage of property that has been ex-
posed to fire requires a knowledge of materials and
equipment; the extent to which they are affected
by fire, smoke, and water; and precautions to be
taken against further damage. The amount of work
done at a fire depends on salvage equipment avail-
able and the extent and nature of the fire. The
officer in charge of a fire must prevent unnecessary
damage to the contents of the building. Fire de-
partment personnel should look for -conditions
which prevent efficient salvage operations at fires
and recommend necessary corrections on their tours
of inspection. Improper construetion may cause
large water losses. Shelves built to the ceiling
directly against a wall make salvage impossible
unless contents are removed, because water flows
down the wall wetting the contents. One common
obstacle to efficient salvage is material piled on the
floor without skids. The lower portion of such
piles are difficult to salvage when large amounts of
water are used. Material stored in paper boxes or
cartons frequently spills when the bottom of the
containers is wet, thus ruining the entire contents
in spite of perfect covering of boxes and dyking
with sawdust,

27. Procedure

The following procedures protect the contents of
structures from fire, smoke, and water damage.

a. Material on lower floors can be covered. If
not too heavy, they ecan be moved outside or to
another part of the building.

b. Heavy crates, packing cases, machinery, and
the like should be covered, If metal materials get
wet, wiping the metal dry and oiling it prevents
rust.

¢. Water often causes as much damage as the
fire itself. Proper application of water at the seat
of a fire prevents much water damage. Fire fighters
should watch for leaky hose and connections and

water spraying on dry material. When the fire has
been extinguished, all floors should be cleared of
water by sweeping it toward a door or opening.

d. Chopping holes promiscuously must be
avoided because it frequently increases the damage.

e. Foodstuffs must be protected against becom-
ing tainted by exposure to smoke and water. Bacon,
meat, solid fats, and cheese may have little or no
salvage value if subjected to smoke or heat.

f. When a roof has been damaged, the hole may
be covered with tarpaulin or roofing paper. Care
should be taken to remove all nails and sharp ob-
jects to prevent damage to covers. When the entire
roof is destroyed, temporary roofs of canvas truck
covers may be installed. Covers must be securely
fastened to prevent their coming loose.

@

(D Fold ends of cover to cenler.
@ Fold cover double.
@ Make 10-inch fjolds.
@Conlinue folding until complete.
Figure 69. Accordion fold.




@ Posilions for

¢g. Further damage by water can be prevented
by using sawdust to absorb water and forming
dykes, direeting water outside through doorways
or other openings. Floors can be drained by drill-
ing holes in them.

h. When absorbent materials are involved, care
1§ necessary to prevent the excess weight added by
water from collapsing the floor. Fire fighters should
be trained to make a speedy estimate of the weight
of water being used by calculating from known
nozzle size, water pressure, and ftime.

Erzample: A 1Yg-inch nozzle at about 40-pound
pressure delivers about 237 gallons per minute.
Water weighs about 8 pounds per gallon. There-
fore, 8 3¢ 237, 1896 pounds or almost 1 ton of water,
is delivered every minute.

1. Articles of special value should be removed
from the debris as soon as fire has been extin-
guished ; debris would be removed from the build-
ing, floors swept, and excess water removed with
brooms and squeegees. Sawdust should be sprin-
kled over floors to absorb the remaining water and
then removed with ghovels or push brooms.

j. Office records of administration buildings,
headquarters, and the like should be fully protected
with canvas covers.

28. Salvage Covers and Uses

Common sizes of eanvas covers used for salvage are

starting fold.

® Fold cover to center.
@ Fold to center again.
@ Bring ends together.

® Fold again

lengthuise.

Figure 70. Fold for large salvage covers.
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12 by 18 feet weighing approximately 38 pounds
and 14 by 18 feet, approximately 50 pounds. Me-

thods of handling these covers are discussed be-
low.

a. Accorpioy Forp. To permit convenient hand-
ling and easy manipulation, 12x18 covers are folded
as shown in figure 69.

b. Lawrce Cover. Because of its size and weight,
the large cover is folded as shown in figure 70. It
is carried on the shoulder with the corners in front
and toward the body. (See fig. 71.) To unload the
cover from the shoulder—

(1) Grasp ropes at corners nearest body; other
man grasps remaining ropes.

(2) Drop cover to ground and stretch eover out
near material to be covered.

(3) Both men drop inside edge of cover, holding
outside corners tight.

(4) Baise cover quickly, earrying it over object,
allowing air to balloon cover.

(5) Tuek in all edges and corners at bottom.

¢. Ong-Man Tarow (fie. 72). The one-man
throw is a quick method of spreading a 12x18 cover.
It can be used to cover desks, office records, shop
machinery, and the like.

(1) Place center of folded cover over either
forearm; grasp bottom fold with the fingers; reach
in next to body with other hand and grasp three
folds between thumb and fingers, thumb down.

(2) Swing arm up and over the shoulder; flip

the three folds over back of hand to give weight
to the throw.

Frgure 71. Spreading large cover.”
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Figure 72. One-arm throw.

(3) Bring hand forward and keep arm stiff;
throw cover with a straightarm throw over the
object to be covered.

(4) Open eover and tuck in edges at bottom.

d. Counter Pay-Orr (fig. 73). The counter pay-
offi is used when material must be covered with
care.

(1) Place cover over forearm with bottom fold
held with fingers.

(2) Have a second man grasp top fold and walk
backward, both men raising cover as it unfolds.

(3) Place cover gently over material.

(4) When cover has been draped, tuck in edges
at bottom,

e. Carcr Basty, Contents and interiors of build-
ings may be damaged by water dripping through
a floor or ceiling in which a drain cannot be made.
To prevent this, improvised basing (fig. 74 @) are
sometimes needed to ecateh the water, which can
be removed later by bailing.

(1) Construct cateh basin by placing furniture,
boxes, or other material in a circle or square.

(2) Form basin with cover.

(3) Fasten cover at sides with bottom of basin
resting on the floor.

(4) To make shallow catch basins, roll edges of
cover.

f. Winnow Dramy CHute. S-hooks, cord, and
pike poles ecan be used as in figure 74 ® to build
a chute which direets water through windows, thus
protecting contents and interiors of buildings from
water damage. Light repe or heavy cord ecan he
tied through the grommets to support the covers.

Note: S-hooks can be improvised from heavy wire,
welding rods, or 3ig-inch cold-rolled steel rods. Cut rods
about 8 inches long, sharpen ends on grinding wheel, and
bend to S-shape.

g. Smaeur ProrectioNn. To protect material
stored on shelves, cover shelf with one or more
canvas covers. Use S-hooks, nails, and cord to
suspend cover from walls and ceiling or secure
cover by weights. When more than one cover is
used, make laps of about 1 foot to prevent leakage.

h. Srammway Drains. To protect the interior
structures and contents from water damage, stair-

Figure 73. Covering a counter.




way drdins of eanvas covers are sometimes needed
to direct water from upper floors to the outside.
Two methods of forming stairway drains are illus-
trated. Figure 75 @ shows the method used for
a stairway with open or closed sides when protec-
tion of walls is necessary. TFigure 75 @ shows an
alternate method. Two men and two canvas cov-
ers are required to perform the operations effi-
ciently. The first cover is spread by the one-man
throw at the bottom of the stairs and fitted to the
steps. The second cover is placed at the top in the
same manner, overlapping the first about 1 foot.

. Toors axp Equipment. Tools most ecommonly
used in salvage work are squeegees, brooms, shovels,
buckets, and sawdust. Shovels and buckets are
used first to remove debris. Water is removed from
floors with squeegees and brooms. When most of
the water has been swept out, sawdust should be
sprinkled over floor to absorb remaining dampness.
Sawdust may be used to make dykes, to form
drains, and cateh small drips; it can be carried in
sacks placed in fire apparatus,

(O Supported by furniture and bozes,
@ Window drain chute.
Figure 74. Cateh basins.




Figure 75. Stairway drains.
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SECTION IX
FIRE STREAMS

29. General

Water is the most practical ettinguishing agent for
ordinary fires, It absorbs heat rapidly and has much
greater heat-absorbing capaeity than most mate-
rials used for fire extinguishing. A great amount
of heat is required to raise cold water to the boil-
ing point; much more heat is required to change
water to steam. Only a small fraction of the theo-
retical maximum cooling effect can ordinarily be
utilized.

a. PoinT oF Apprication. Water must reach the
base of the fire to be effective. A stream or spray
plaved into the flames and smoke does little more
than eool the smoke unless it actually reaches and
wets the burning material. Enough water must
reach the base of fire to absorb heat faster than it
is produced by the burning material. For large
fires, a substantial stream of water is needed fo
penetrate the smoke and flame. A good stream
under pressure is also necessary to force water into
cracks and open spaces in burning material. The
most: efficient fire stream is large enough to do the
job without any excess water to cause unnecessary
damage.

b. Soumn Streams. The most effective manual
method of applying the proper amount of water to
control & given fire area is from a hose nozzle. Fire
streams project water over a considerable area and
extinguish fires that might otherwise be inaccessi-
ble. Fire streams must reach from the best point
of approach to arrive at the base of the fire in a
condition to he most effiective; this fire-stream
production is the conecern of all from nozzleman to
pump operator.

¢. SPrAY. Some fires can be fought better with a
spray than with a solid stream. Fine spray does
not earry and penetrate, but it utilizes the cooling
effect of water more efficiently because of the enor-
mously increased surface of water to absorb heat.
As individual drops are heated, steam or vapor is
formed to some extent, and a blanketing or smoth-
eding effect is produced which is of value against
certain inflammable liquids and other surface fires:
The spray from fog or vapor nozzles lack carrying
power, and this type of nozzle ean be used to ad-
vantage only at short range. Fine sprays such as
from so-called fog type nozzles, particularly at

higher pressures ecan be most effective when ap-
plied in a sweeping motion to cover large areas.

30. Requirements

a. Generar. The senior officer of a fire company
must be able to determine the extinguishment re-
quirements of a fire and know the means available
for meeting those requirements.

(1) Since every fire, except those caused by ex-
plosions, starts small and develops as more com-
bustible material 1s involved, extinguishment is
eagy if fires are reached in the early stage. Fire-
stream requirements are small in the early stages,
permitting extinguishment with a booster line or
portable extinguisher.

(2) If not discovered in the early stage of burn-
ing, approaching the base of the fire becomes diffi-
cult. The fire stream must then produce not only
the amount of water required for extinguishment
but also must earry through space fo the point of
use. Enough volume ecan be supplied with small
streams, but they must have shape and velocity to
carry them to the base of the fire.

(3) (a) If not discovered or controlled until the
whole building is burning, a fire ean be extinguished
only by using large guantities of water. Even then
the fire stream must be controlled to supply the
greatest amount of water from a safe distance and
yvet reach the fire at the point of burning. This
stage requires heavy master streams.

(b) The fast-burning temporary frame struc-
tures on Army posts which have large areas un-
broken by partitions eause rapid fire spread. The
use of 13%-inch hose streams on most posts de-
pends on sound judgment and experience of the
fire officer; 114-inch hose lines should not be used
from pumpers unless enough 2V5-ineh hose is avail-
able for support. The 2V5-inch line used to supply
114-inch hose must be long enough to reach any
point of the involved structure or exposures. Large
streams from monitor nozzles and deluge sets may
be used when equipment and adequate water supply
are available

b. Spray StrREAMS. Producing a broken stream
at close range requires a special nozzle and high
pressure. These nozzles, commonly called spray,
vapor, or fog nozzles, produce a finely broken mass
of spray that envelops or blankets the firee. Water




is usually furnished to the nozzle at high pressure,
but enough volume can be supplied from a com-
paratively small hose. Spray nozzles are not de-
signed to carry streams through a considerable
distance.

c. Soran Streams. (1) Capacity. Size of hose
and velocity of water passing through it deter-
mines fire-stream ecapaecity. A 2V%-inch hose has
almost three times as much water-carrying capac-
ity as 11%5-inch hose. Also, the larger hose has pro-
portionately less friction loss. Stream velocity
depends on pressure at the pump. Nozzle pressure,
as measured by a pitot gauge inserted in the
stream, and size of nozzle tip determine capacity
diseharge of fire stream. Common nozzle pressure
of 50 pounds discharges water as follows:

Nozzle tip (inches) Gpm
S e | TR R e T T M R A e e I S T O 117
R N N o e G R b R N e o Byl AR 209
e i F e A R G AR P A A T B O AN AP ot 265
A = e e e s e 326
g R T TIPSy A A gt 472

(2) Reach. The elevated tank or pump forces
water under pressure through the hose line; restriet-
ing the water stream into the smaller opening of a
nozzle further increases the wvelocity. Increasing
nozzle pressure above a certain point, however,
breaks up the stream and decreases its reach.
Streams from small nozzles break up more quickly
than these from large nozzles. Greater reach is
obtained without increasing pump pressure by us-
ing a smaller nozzle tip. This reduced flow results
in less friction loss in the fire hose so water reaches
the nozzle with greater nozzle pressure.

Example: Assuming 100-pounds pressure at the
pump, a 300-foot line of hose, and a 1%4-inch noz-

zle, 292 gallons are discharged at 40-pound nozzle
pressure, the remaining 60-pound pressure being
lost through friction in the hose. If a 1-inch nozzle
tip is used, 229 gallons are discharged at 60-pound
pressure because the smaller flow results in only
40 pounds of pressure loss from friction, Since
larger nozzles throw a stream farther at a given
pressure, inereasing pump pressure lengthens the
reach of the stream more effectively than using a
smaller nozzle tip. The effective reach of solid
fire streams may be determined roughly as 1 foot
per pound of nozzle pressure at high pressures
(over 50 pounds) and one and a half times that
amount for low pressures.

(3) Proper shape. A solid fire stream should
stay within a 15-inch cirele at a distance of effec-
tive reach, and three-fourths of the stream should
come within a 10-inch cirele at that distance. (See
fig. 76.) Too great nozzle pressure breaks up a fire
gtream, eausing it to fail in this test. Anything
hindering smooth passage through the nozzle breaks
the stream. A protruding gasket back of the
nozzle, 4 partly eclosed or rough shut-off valve,
seratehes in the tip barrel, or battered edge on the
tip may break the stream and distort its shape.

d. Osraining Nozzie Pressurp: Friction loss
is pressure expended in forcing water through the
hose. If 90 pounds of pressure is required at the
pump to produce 50 pounds at the nozzle, the frie-
tion loss 18 40 pounds. Hose length, rate of flow,
and nozzle size determine the amount of loss in a
hose. Friction loss inereases directly as hose length
increases, the loss being twice as great in 200 feet
as in 100 feet of hose. When the rate of flow in-
creases, however, friction loss inereases rapidly.
Doubling the rate of flow makes the friction loss
approximately four times as great. Frietion loss

Figure 76. Requirements for solid fire stream.
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for various nozzles at 50 pounds of pressure is
shown below.

Approximate friction loss
per 100 feet of 244-inch hoze
(pounds)

Nozzle size (inches)

4
8
10
18

25

___\_,g.
F P
s oo, * . -

Since each fire pumper has hose loaded in layers,
the pump operator knows how much hose is out by
counting the layers remaining in hose body. In
addition, 5 pounds pump pressure is required for
each 12 feet of elevation.

Ezample: In a hose body having no partitions,
approximately 200 feet of hose are in a layer. If
five layers make the complete load and 214 layers
are left, 500 feet have been laid. If a 1-inch noz-
zle is being used; friction loss equals 20 pounds
per layer. Thus, 214 layers equals 50 pounds fric-
tion loss plus 50 pounds for desired nozzle pressure
require an engine pressure of 100 pounds.

e. Pracrice N Probucing Fire Streams. A
good practice exercise is making a lay-out from a
pumper with a given length of hose and ecomputing
the flow of water through the line. Actual pres-

sures at hydrants and nozzle should be read and

compared with figures caleulated from tables above.
This shows how ecaleulations must be made to esti-
mate pressure which must be available at a hydrant
or provided by the pumper. Further exercises may
include the following:

(1) Lay-outs with nozzle tips of varying sizes
and hose lines of varying lengths,

(2) Operating the pumper both from a hydran
and at draft (pond or stream) with various hose
lay-outs.

(3) Lay-outs with pumpers in relay to practice
problems of long lines of hose.

Note: Each fire pumper supplied by the Corps of En-
gingers has a plate listing reguired pump pressure for
various nozzle diameters and line lengths. This plate is
attached to the pumper as a guide to pump operators.

f. Smain Streams. Capacity and reach of small
streams 15 seldom considered as the main objeetive
to produce a workable stream using as little water
as possible, thus keeping the water damage fo a
minimum. Since small hose and tips are employed,
it is the practice to raise pump pressure sufficiently
to obtain the stream desired. Pump pressures of
80 ta 100 pounds is considered sufficient. However,
consideration should be given to the height which
such lines are taken. Excessive pressure will tend
to break up the stream, although in some cases this
may be desirable.




SECTION X
VENTILATION

31.

The problem of ventilation in burning buildings is
difficult. Unless fire fighters have a technical knowl-
edge of combustion processes, characteristics of va-
rious fuels, oxygen requirements, drafts; effect of
heat on air currents and building ventilation, they
cannot attack fires in buildings effectively. Ven-
tilation includes removing the smoke, gases, and
heat from the building and controlling the fresh
air supply to facilitate resecues, proteet fire fighters,
and prevent spread of fire,

General

32. Combustion Process

a. Furus. Carbon and hydrogen are the most
common fuel elements in burning material: sulfur
and cellulose nitrates, eommonly ealled pyroxylin
plastics, are less common. A fuel exposed to flame
or spark burns if heated to its ignition tempera-
ture in the presence of oxygen. The approximate
ignition temperatures of several common materials
are listed below:

(1) Dry wood, 500° F.

(2) Paper, 450° T,

(3) Pyroxylin plasties, 275° F.

(4) Cotton cloth, 440° F,

b. Oxveex Svepny. (1) When fuels reach their
ignition temperature, they react with oxygen to
form new compounds, called the products of com-
bustion. Most of this oxygen comes from the
atmosphere, which normally contains 21 percent of
oxygen; some oxygen may be supplied by the oxy-
gen content in cellulose materials such as wood,
paper, and cloth. Free burning oecurs when enough
oxygen is present to consume the available fuel.
One atom of carbon (C) at its ignition tempera-
ture, for example, reacts with two atoms of oxygen
(0) to form carbon dioxide (CO2).

(2) In a closed structure, enough oxyygen is
present when the fire starts to support free burn-
ing; the hot gases rise to the ceiling, starting a
current which forees the cooler air to feed the fire
from the floor. If no fresh air ean enter the room
from the outside, the amount of oxygen is gradually
reduced until the fire smolders and smokes. Theo-
retically, it should finally smother out completely;
actually, the smoldering stage is sustained because
all the oxygen supply is never exhausted.
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(3) When the oxygen content of the air is low-
ered, the combustion process changes. More and
more of the earbon fraction reacts with single atoms
of oxygen to form carbon monoxide (CO), which
unlike carbon dioxide iz toxie and inflammable.
Sometimes, fuels will distill because of the ex-
tremely high temperatures and join the atmosphere
as hot, inflammable gases.

¢. Propucrs or ComeustioN. (1) Carbon diox-
ide. Carbon dioxide, the common product of com-
plete burning of carbon materials, 18 neither in-
flammable nor poisonous. As it replaces oxygen in
the atmosphere of a closed room, the fire begins
to smolder. The danger to personnel in air having
high carbon dioxide content is the suffocating ef-
fect caused by lack of oxygen.

(2) Carbon monoxide. As shown above, carbon
monoxide is a product of incomplete combustion.
Carbon monoxide gas 15 more prevalent in unven-
tilated buildings, due to lack of oxygen. An ex-
tremely poisonous gas, it produces unconsciousness
quickly if the air has a content of 0.5 percent car-
bon monoxide. Air containing 12.5 to 74 percent
carbon monoxide may be explosive. Ignition tem-
perature of carbon monoxide is 1204° F. The toxic
quality and inflammability of this gas make it very
dangerous.

(3) Water vapor. Burning hydrogen combines
with oxygen to produce water vapor,

(4) Sulfur diozide. Burning sulfur produces sul-
fur dioxide, an irritating, suffoeating gas that is not
inflammable. It irritates the eyes and respiratory
passages, and is dangerous to breathe in high con-
centration.

(5) Nitrous fumes. Nitrous fumes include sev-
eral oxides produced by burning cellulouse nitrates.
These fumes are extremely hazardous.

(6) Densities. Although the gases of combustion

are diffused with the air, they are more highly

conecentrated at specific levels depending on their
densities. The following list of comparative densi-
ties indicates the level at which these gases may be
found, taking the density of air as a unit.

Air e et em L TGN
Carbon dioxide ...................._.1.608
Carbon monoxide ... 978
Sulfur dioxide .....................2.437

Nitrous fumes .......1.036 to 1.530
d. Smoxe. Smake is always produced when com-




bustion is incomplete. Its density, color, and con-
tent vary with oxygen supply, intensity of heat, and
kind of material being burned. Water vapor and
particles of free carbon are generally found in the
smoke; such fuels as pine wood may distill, giving
off tiny globules of tar. Liquid fuel materials or
those that liquefy at high temperatures generally
give off dense black smoke. Oils; tar, paint, var-
nish, molasses, sugar, rubber, and sulfur may burn
with such dense smoke that ordinary ventilation
practices cannot clear the room.

e. Fuen Gases. Heating combustible materials
to extremely high temperatures in the absence of
oxygen: distills the lighter fuel elements and com-
pounds from the materials into fuel gases. These
hot gases need only oxygen and a spark to burn
with explosive violence.

f. Procruss oF A Fire. TFigure 77 shows four
stages in the progress of a fire in a closed room.

(1) The first drawing shows the fire while it is
free burning. Adequate oxygen is still available in
the air, and water vapor and carbon dioxide are
being produced along with small quantities of car-
bon monoxide and sulfur dioxide,

(2) At the second stage, the original oxygen

BREATHING
GOOD

AIR 20%
OXYGEN

=—FREE BURNING } |

proportion of 21 percent in the air is reduced to
about 17 percent. Burning has slowed and carbon
monoxide production has increased. Room tem-
perature is about 300° F.

(3) Fire is barely visible in the third stage be-
cause oxygen has been reduced to 15 percent. Car-
bon monoxide is produced in increasing amounts,
and free carbon and unburned fuel form dense
smoke. Intense heat and gases present imperil per-
sonnel and constitute an explosion hazard.

(4) In the fourth stage, the fire is smoldering
with the oxygen content at 13 percent. The room 18
completely filled with smoke and gases at a tem-
perature exceeding 1000° F. This intense heat dis-
tills some fuels from the combustible materials;
the fuel gases mix with other gases present, adding
to the fire hazard. Danger to personnel and prob-
ability of explosion are extreme,

33. Evaluating Situation

a. Gexeran. Careful evaluation of the situation
is necessary before an opening is made to ventilate
closed buildings. The officer in charge estimates the
situation by considering the rescue requirements,
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Figure 77. Progress of a fire.
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type of building and eontents, smoke and heat con-
ditions, and the explosion hazards. He also takes
into aceount weather conditions, manpower and
equipment available, adequate safety precautions,
and exposed buildings nearby. His evaluation de-
termines the procedures to be taken to accomplish—

(1) Rescues.

(2) Tire protection.

(3) Ventilation.

(4) Fire extinenishment.

b. Typr or StrRUCTURE. (1) One-story buildings.
One-story buildings with several rooms present
more hazards than fires in single-room structures.
When hot gases rise to the ceiling, the eooler fresh
air from adjoining rooms is drawn under doors or
through other openings, permitting the fire to burn
longer before it begins to smolder. As the hot gases
and smoke fill the entire structure, finding the exaect
loeation of the fire becomes difficult and proper
ventilation procedure becomes more uncertain.

(2) Buildings of more than one story. In build-
ings with more than one story, hot gases and smoke
rise to floors through elevator shafts, stairways,
air-conditioning shafts, and similar paths. Reach-
ing the highest possible level, the gases and smoke
spread over the entire floor, eventually filling the
building from the top down. At the same time
oxygen is supplied to the fire from incoming cur-
rents of cool air. Smoke is generally seen coming
from openings in the upper floors regardless of the
location of the fire.

¢. Smoke ConpiTions. Observing smoke condi-
tions may reveal the loeation, intensity, and size
of a fire. When the building becomes smoke-filled,
smokes comes out from the roof and upper win-
dows; through openings arvound skylights, pent-
houses, and even through eracks in the walls.

(1) Although the pressure inside the building is
seldom great enough to force the smoke out rapidly,
some indications of conditions in the building can
be determined by the speed with which smoke
emerges.

(2) Density of smoke ean be ohserved through
windows if they are not fogged over.

(3) If the smoke is coming from stories other
than the top story, the draft may be effectively
blocked from the upper floors.

(4) Smoke coming from one end of the building
and not from the other may reveal the location of
the fire unless this condition is caused by the wind
or draft.

(5) If adjoining buildings have communicating
openings, smoke may appear from an adjoining
building instead of the one afire.

d. Hzear Conprtions. An indication of the fire’s
intensity can be obtained by feeling the walls,
doors, windoews, and roof. Hot spots on walls: and
ceilings indicate the location of the fire or the path
of the hot gases. A hot spot on the roof of a one-
story building indicates the fire to be direetly be-
neath it. A hot spot on the floor of a multistoried
structure shows the line of travel of hot gases on
the floor below.

¢. Daxcrr oF Exprosions. In planning the me-
thod of attacking a fire, the danger of an explosion
when fresh air is admitted must be considered. Ex-
plosions oceurring when fresh air is admitted to
a smoldering fire are caused by rapid combustion
of heated materials, inflammable gases, or both.
Improper ventilation procedure generally leads to
explosion hazards. If the opening made for ven-
tilation permits fresh air to enter before the out-
ward draft of fuel gases begins, an explosion may
result. Openings should always be made above the
seat of the fire to avoid forcing a draft of fresh
air into the fuel gases still trapped inside the build-
ing. Openings made near the fire which permit
large quantities of fresh air to become mixed with
fuel gases before ignition oceurs are dangerous.

34. Providing Fire Protection

Since fire can be expected to spread as soon as an
opening i made, adequate protection must be pro-
vided in advance at points of entrance and expos-
ures to other buildings. Enough charged hose lines
must be advanced to extinguish the fire and pro-
vide an adequate stand-by reserve.

a. Apvancing CwHarcEp Lines To PoinTs oF
ENnTrRANCE. A combination nozzle providing either
vapor or a straicht stream should be used. The
vapor stream is useful in clearing remaining gases
and laying a curtain to protect fire fichters from
the intense heat. Since carbon dioxide, earbon
monoxide, and nitrous fumes are soluble, this
water-vapor curtain dissolves and carries down
much of the egas ahead of the fire fighters, The
stand-by hose should be brought into use only if
the fire spreads as a result of an increased oxygen
supply.

b. Prorecring Exposures. Before the burning
building is opened, protective stand-by lines are
advanced to other buildings that may be endan-
gered if the fire spreads. (See fig. 78.) These lines
are charged and ready but not used until actually
required. Some of these lines are advanced over
roofs and perhaps inside adjoining buildings; others




are laid to upper floors of the burning building if
the fire has not yet reached them.

Figure ¥8. Hose lines are laid in order which gives greatest
protection to exposed buildings.

35. Ventilation Procedure

a. Precautions. Precautions for safety of fire
fighters are considered first in ventilating proced-
ure, Fire fighters who take unnecessary risks not
only endanger their own lives but may also handi-
cap the department by becoming incapacitated be-
fore the fire 1s extinguished.

(1) Masks and oxygen breathing apparatus. Air
containing less than 15 percent oxygen will not
sustain life, and that containing less than 17 per-
cent oxygen prevents fire fighters from working
efficiently. Carbon monoxide and nitrous fumes
in the smallest amounts may be fatal. Fresh-air
masks or self-contained oxygen breathing equip-
ment are used where oxygen deficiencies are sus-
pected; all-service gas masks or oxygen breathing
apparatus protect against toxic gases.

(2) Rope. Rope strung from the entrance to
smoke-filled areas permits the fire fighter to re-
trace his steps.

(3) Water vapor. Fog-nozzle streams should be
used in approaching the burning area because they
absorb and settle combustion gases and disperse
smoke.

b. Reguimmements. After the situation at the
fire has been evaluated, the building is opened to
permit hot gases and smoke to escape and to ex-
tinguish the fire in the shortest possible time. The
ventilation must meet the following requirements:
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(1) Clear the building of smoke and gases.

(2) Prevent further spread of fire.

(3) Minimize smoke damage.

(4) Permit extinguishment with least amount of
water possible.

¢. Verticar Vextiration. If the internal ventil-
ation of a closed building permits smoke and gas
to move to the uppermost level, an opening at the
highest level permits them to escape to the atmo-
sphere. This procedure is vertical ventilation. The
exit opening is generally made in the roof. The
following procedures are important:

(1) Check condition of roof supports to insure
that they have not been burned away or weakened
to a point where they may fail under the weight
of the fire fighters.

(2) Plan a means of escape for fire fighters from
roof in case of trouble.

(3) Use any available natural openings such as
seuttle holes, penthouses, and skylights if they are
properly located.

(4) Do not permit hot combustible gases to pass
inflammable materials which are already heated.
Fresh air may enter the opening before the outward
current is established, starting a new fire at the
roof.

(5) Be sure roof openings are extended down
through the room ceiling.

(6) Make openings large enough to provide quick
exit for smoke and gases.

(7) Work on windward side of openings, keep-
ing in mind the heat, explosive characteristics, and
toxice effects of escaping gases.

d. Cross Venriration. If smoke and gases have
not reached the uppermost level, cross ventilation
may be used to clear the building, one floor at a
time. This method requires more care than verti-
cal ventilation because large vertical shafts such
as open stairwells may allow downward drafts of
fresh air to reach an area not yet opened, causing
an explosion. Natural outside openings must be
available on each floor level

(1) Open windows on leeward side first; then
open windows on the windward side,

(2) If windows are check-rail types, open the
upper half on the leeward side and the lower half
on the windward side.

(3) After one floor is clear, ventilate the next
floor in the same way or into the one already
cleared.

(4) Do not make openings [elow the level of the
fire.

(5) If opening is made at zeme level as fire, have
hose lines standing by for immediate use.




Figure 79. Opening for wventilation must be made before
entering.

¢. Cuecring Resvnrs. Before hose men are
directed to proceed with extinguishment, checks
must be made to insure that removal of heat,
smoke, and gases has been sufficient to permit
entering the building. The intense draft set up
at the exit opening draws in the cool outside air

the interior quickly. When the flow of smoke and
gases from the exit opening cools or ceases alto-
gether, the building probably is ready for entry.

36. Fire Extinguishment

After precautions have been taken against the
spread of fire and the opening has been made for
ventilation, the next step is reaching and extin-

guishing the fire. Other openings are made as near
the fire as possible, with charged hose lines held in
readiness. These openings should never be below
the base of the fire. (See fig. 79.)

a. Looating Base or Fire. In proceeding through
smoke-filled rooms to locate the base of fire, fire
fighters advance behind a water-vapor curtain
which tends to drive the smoke ahead of them.
Following the heat and smoke toward their point
of greatest density is the best guide; feeling walls
and fixtures and observing currents are also helpful.

b. Persovar ProrecrioN. Fire fichters must take
the same protective measures during the extin-
guishment process as described for ventilating pro-
cedure. (See par. 35.)




APPENDIX
REFERENCES

Books, manuals, and maps listed below should tion, 60 Batterymarch Street, Boston, Mass-
be obtained for reference and use by the fire de- achusetts.
partment. (See par. 1.68, TM 5-600; and AR 310- Fred Sheppard, Fire Chief’s Handbook, Case-
200.) Sheppard-Mann Publishing Co., 24 W 40th
Street, New York City.

Manufacturers’ equipment manuals.
Publications of National Board of Fire Under-
writers, 8 John Street, New York City.
Publications - of National Fire Protection
Association, 60 Batterymarch Street, Bos-

ton, Massachusetts.

Map of post.
Post standing orders.
Fire Department rules and regulations.

Army Regulations.
TM 5-315, Fire Protection by Troop Organi-
zations in Theaters of Operation.
Oklahoma A & M textbooks on Fire Fighting, Lloyd Layman, Fundamentals of Firefighting
College Book Store, Stillwater, Oklahoma. Taeties, MeGruder Publishing Co, Parkers-
Crosby Fiske Forster, Handbook on Fire Pro- burg, W Virginia.
tection, National Fire Protection Associa- State Fire School textbooks.

7 U. 5. GOVERNMENT PRINTING OFFICE;: 1946—8585271—15
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