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PAPER NO. 243
THE ENGINEERING SIDE OF FIRE-FIGHTING

By Hukawm Sixen, B.8c., Exce. (BrisTor), ExECUTIVE EXGINEER,
A Ramp Precavrions, Fire-FicHTING MEASURES, PUNJAB.

1. Introduction

“Man’s destruction was first threatened by the Deluge and eveér
since it has been threatened by Fire.”

The destructiveness of fire has never been disputed. The awe
and fear aroused by it have often been taken as expressions of the
majesty and power of deities, fierce and unmerciful.

Even to-day, when Man can pride himself on all-conquering
progress in harnessing the forces of Nature, fire still reigns with un-
disputed sway as the greatest destructive agent in the world, against
whose stronghold comparatively little headway appears to have been
made. :

The losses caused by fire in lives and money are colossal and
increase year by year.

In olden days, one of the preventive measures adopted against
fire was legislation which required all fires to be covered at the ringing
of a bellat 7 or 8 p.m.  This was the origin of the * Curfew.”

In London, prior to 1830, there were no organised bodies for
fire-fichting. From 1832 to 1867, London was served by several fire
brigadss financed and run by various Fire Insurance Companics,
separately and conjointly, from time to time.

~_In 1867, the Metropolitan Fire Brigade became the sole authority
lr} }{r:flon for the protection of life and property against the risks
OI Iire.

In the Province of the Punjab, until very recently, except in the
case of one or two of the largest towns, no place possessed anything
which could, by any stretch of the imagination, be considered as a
fire brizade worthy of the name even at that period, when the standards
of fire brigades and equipment were much lower than to-day.

The incidence of fire in this province as well as several other
Proviuces in India used to be very low mainly due to the simple
manners of living of the people who did not keep much inflammable
material in the way of furniture, clothes, curtains, etc., in their houses,
Due to the changed way of living, especially amongst the more monied
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classes, the quantity of inflammable material in houses has increag;
considerably in recent years and this has increased the fire risk an
the number of actual fires.

In 1934, the Punjab Government took up seriously the questi
of organising fire brigades in the towns of the Punjab and the Super.
intending Engineer, Public Health Circle, Punjab, was asked to Inspert
the existing fire brigade arrangements and advise local bodies re gardin
the formation and organization of their fire brigades. '

In this connection, the Government published a circular g
** Establishment of Fire Brigades in Municipalities under the Punjs
Municipal Act,” giving details of organization, equipment and esta
blishment of fire brigades considered suitable for local conditions,

The necessity of taking precautions against fire outbreaks s
always with us, but the importance of these arrangements is immensely
magnified when war risks have to be taken into account as well becaus:
war introduces new factors and calls for very special precautions whick
do not enter into the problem in peacetime,

These factors include the following :

(¢) The risk of the outbreak of a considerable number of fires
in an air attack, using incendiary bombs or high explosiv
bombs.

(z¢) Numerous fire outbreaks occurring in the same and various
localities simultaneously,

(427) In the event of an air attack, the normal water supply may
be interfered with.

2. Fire Extinguishing Materials and Appliances

There are numerous materials used for fire-extinguishing purposes
but by far the most important is water, and this paper deals only
with fire-fighting appliances and equipment using water.

The water supply arrangements of towns consist of the following:
(@) Bources, such as percolation wells, -storage reservoirs,
tube-wells, springs, rivers, nallahs, etc. ,
(b) The conveyance of water from the source to the servic
reservoir by gravity or pumping.
(¢) The distribution of the water through pipelines in the
streets. The service reservoirs are usually less that
100 ft. above the ground surface, in fact in this provine
in many towns the reservoirs are less than 50 ft. above
the ground. The towns are mostly built on flat plains
The pressure in the distribution mains seldom exceeds
100 ft. head or say, 44 lbs. per sq.* inch while in the vast
majority of places including all towns in the plains the
distribution pressure is probably less than 40 to 50 it
head of water. e

*1 1b. per sq. inch=2-3 ft. head of water,
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For effective fire-fighting purposes a water jet under a pressure
of usually not less than 40 lbs. per sq. inch at the branch pipe is
required to be directed on the fire. This pressure, even without allow-
ing for friction losses through fire hose, is not obtainable direct from
the mains in any town in the plains, and as such, water has to be
forced on to the fire by means of special fire pumps.

The fire-fighting arrangements of a town or other inhabited area
may be classified under the following heads :

(i) Water supply distribution system ;
(ii) Valves and hydrants fitted in the distribution system ;
(7i7) Connections between hydrants and the fire engines;
(iv) Fire engines and pumps ;
(v) Fire hoses for the conveyance of water under pressure
from the pumps to the scene of the fire ;

(vi) Branch pipes and jets.

In addition, there must be suitable personnel for operating the
fire-fighting appliances, in the form of firemen, mechanics and, last
but not the least, the directing head who is usually called the Fire
Brigade Superintendent or Fire Station Officer.

3. The Water Supply Distribution System

In towns provided with piped water supply, the main distribution
pipelines consist mostly of cast-iron mains and, in a few isolated cases,
of steel pipes, Water for fire-fighting purposes is obtained through
fire hydrants fitted on the distribution system.

It is beyond the scope of this paper to go into the details of sizes
and types of pipelines to be used and it will suffice to say that on
account of the low discharge of small pipelines under normal conditions,
it has been found by long experience that fire hydrants fitted on mains
less than 3-inch i/d (or less than 4-inch i/d preferably) are not effective.
To be effective, each fire hydrant should have a minimum discharge
of not less than 125 gallons per minute, with 5-ft. terminal head at
the hydrant. This requires normally a distribution pipeline of at
least 4-inch i/d. In large towns even this minimum discharge is quite
inadequate and fire hydrants discharging from 250 to 500 gallons per
minute are necessary. .

4. Valves and Hydrants Fitted in the Distribution System

(A) Varves
A sluice valve or gate valve is a contrivance by which the flow

- of water through a pipe may be regulated by a movable appliance

or gate which opens or closes the passage-way. Those most commonly
used in connection with water supply mains are known as sluice valves
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which have various types of ends, i.e., flanges, sockets, spigots or oth
joints to fit in the pipelines as shown in Figs. 1 and 2.

These valves are operated i}}'.sluice-vah'e keys and usually o
when the key is turned clock-wise (viewed from above).

A sluice valve should be fitted at each branch and in the main :,rdrm
at suitable intervals depending on local conditions.

Valves of the “ Peat Valve” or “ Globe” pattern in which thefbe hff
water has to travel through two right angles should not be used jnfbe b
connection with water supply distribution or fire-fighting appliances] n
as they cause serious interference with the flow even when fully open.

sn 4l
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(B) HybpraxTs it
; ; from

(@) Introduction and History redu

The development of the fire hydrant is rather interesting.
In earlier days when wooden water supply pipes were used, in order to | (b
take off a supply of water for fire extinction purposes, a pit was dug
to expose the pipe. A hole was then cut in the pipe, which was sub-
scquently plugged by a wooden stopper or patch.

About the year 1800, improvements in the manufacture of cast-
iron and consequent cheapening of its cost, were followed by the
extension of the use of that metal in the manufacture of water mains,

thus allowing for higher working pressures in the pipes. This brought
into use the fire plug.

In early systems, right-angled, vertical branches were fixed in
the pipe at irregular distances in the streets. These branches were
closed by wooden tapered plugs driven in tight. Fig. 6 shows a water
main, branch and plug in position, in addition to a cast-iron conical
shield (to prevent the soil under the pavement from getting washed
away). To obtain water, the turncock first cleared out the rubbish
or packing in the hole ; then, by tapping the upper end of the wooden
plug, he loosened the same sufficiently to allow the water pressure to
force the plug out (see Fig. 7). At points where the pressure was
less, the wooden plug had to be drawn out by a spike. After ejecting

the plug, a stand pipe as shown in Fig. 8 was fixed and joined to the
hose, '

- In some cases, the plugs used to be ejected with such force that
the job of fitting the stand-pipe was a work of great difficulty. The
use of fire-plugs was wasteful both of water and .pressure, besides
which there was considerable risk of contamination of the water supply.

The next stage in the _develqpn;eﬁt coﬁs_isted in the provision 'pf
- “Ball Hydrants.” These were usually fitted on flanged, vertical
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branches in the distribution system. The ball hydrant consists of
two parts—the lower, bolted on to the branch on the distribution
system and the upper to fit the stand pipe (see Fig. 9). This upper

casting also acts as a seaf for a ball, either of wood covered with
qutta- pwcﬂa: or of vuleanite. The pressure in the pipe forces the ball
up and on to the seat on the underside of the casting and keeps the
hydrant outlet watertight.

To obtain water, a stand pipe, as shown in Fig. 10, is fixed on
the hydrant and, by means of a screwed spindle through the standpipe,
the ball is depressed off its seat and water passes into the standpipe.

This type of hydrant has the great advantage that it also acts as
an air valve, but its use has been condemned because of the fact that
it induces risk of contamination of the water, especially with inter-
miftent water supplies, when the ball would automatically fall away
from 1ts seat—also there is great obstruction to flow due to the
reduction of outlet area by the ball,

(b) Types of Hydrants commonly used at Present

An enormous number of different patterns of hydrants are
manufactured. Some of these are shown in Figs. 11 to 20. Kach
manufacturer claims particular points of excellence. Cast-iron
hydrants, suitable for distribution systems, most commonly used
nowadays, are of two types, viz., the screwdown ground hydrant
(Figs. 11 to 15) and the sluice valve hydrants (Figs. 16 to 20). Both
are generally fitted on flanged tees, the former on a tee fixed vertically,
and 1n the case of the latter, the sluice valve is bolted on to a tee fixed
horizontally and a 80-degree duck-foot bend with hydrant outlet is
bolted to the sluice valve. Occasionally, a socketted sluice-valve
is used in which case the tendency of the bend to work out by pressure
must be counteracted by a concrete block on the other side of the bend.
Sluice-valve hydrants are used mostly on large-size mains where very
considerable quantities of water are available.

(e} Outlets of Hydrants
There arefour types of hydrant outlets :

(¢) The bayonet-joint outlet with lugs or hooks (Fig. 21),
This type is used in a great number of government
institutions at Lahore, Wherever these hydrants are
to be provided it should always be seen that the distance
between lugs or hooks is the same in order that stand-
ardized standpipes can be used with them ;

(22) J‘he special bayonet-joint outlet, without lugs or hooks
- (Fig. 22). This type of outlet is not used in the Punjab.
If and when required to be installed, the size of the
outlet, its exact detailed design and make with makers’
reference number should always be specified ;
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(¢4¢) The * Morris” pattern instantaneous outlet (Figs, 93
and 24). This type is not used generally in the Punjal,
. If desired to be used, the male outlet 1s better because i
is easier to connect up to the stand pipe when fixed iy
a pit or chamber in the ground ; and

(iv) The screwed male outlet (Fig. 25). In this case usually
a loose cap fixed on a chain is fitted over the screwey
outlet to protect the threads.

There are several descriptions of threads used such as:
(7) London Fire Brigade, V-thread (Fig. 26) ;
(17} London Fire Brigade, Round-thread (Fig. 27); and
(¥it) British Standard V-or Round-thread.

At Lahore, Amritsar, Sialkot and Rawalpindi, hydrants witl
21-inch i/d male screwed outlets, with London Fire Brigade V-thread,
are in use.

This type of outlet iz most commonly used in the Punjab and is
strongly recommended by the author, because 1t enables a watertight
joint to be made which is important when a fire pump is coupled dizect
to the hydrant through a stand pipe—also the threads are easily cut
locally.

(d) Sizes and Spacings of Hydrants
For average discharges, screw-down or sluice-valve fire
hydrants with 24-inch i/d outlets, are most commonly used. For
larger discharges, sluice-valve fire hydrants with outlets up to 4-inch
i/d (and sometimes even bigger) are usged.

Fire hydrants should not be spaced further apart than tle
distances given below :
() In congested areas or places
where 1important buildings
or factories are sited and . ‘
conflagration risk is high .. 300 to 400 feet, in addr
B : tion to clustering at all
important crossings.
(¢¢) In ordinary built-up areas, with '

average fire risk .. B00 to 600 feet.
(742) In outlying areas, with low fire

risks .. T00 to 800 feet.
(tv) In no case more than .o 1,000 feet,

In important streets, where more than one main passes or crosses

-an adequate number of hydrants should be provided on the largef

mains and should be clustered at crossings.
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(e) General

Hydrants must be constructed sufficiently strong to withstand
very rough usage ; they should be free in working, easy to repair and,
above all, must have a clear and streamlined waterway, with the least
practicable obstruction to flow.

(C) Impicaror PraTES

Indicator plates of porcelain enamel or cast-iron as per Figs, 28
to 31 should be fixed to buildings or walls at convenient placesadjacent
to all hydrants and sluice-valves, showing the distance from the plate
to the valve or hydrant and the size of the main on which it is fitted,
to demarcate their exact position and size of main on which fitted.
Where walls are not available, these plates can be fixed on posts.

5. Connection between ‘the Hydrants and the Fire Engines

(A) Staxp Prees

Stand pipes are used to receive water from the ground hydrants
and make 1t available for use above ground in canvas dams (Fig. 32)
or to be connected direct with the suction pipes of the fire pumps.

The stand pipes are usually made of a strong, seamless copper
tube, the bottom end being of gunmetal, suitably designed to fit the
particular type of hydrant it is proposed to be used with. The upper
end is also made of gunmeta! to fit the couplings used on the suction
pipe of the fire engine and sometimes has swivel arrangements to
turn the upper end in any required direction.

These stand pipes are fairly expensive but cheaper models can
be made by using galvanised iron pipes and bends for the body, in
place of seamless copper tube.

There are various types of stand pipe inlets and outlets as given
below :
(i) Inlets :
(a) Screwed, Male Bayonet joint (Figs. 33 and 37) ;
(b) London Fire Brigade, Female, V-threaded (Fig. 34);
() I..crndg:ln Fire Brigade, Female, Round-threaded;
(d) Morr}s Pattern, Female, Instantancous (Fig. 35); and
(¢) Morris Pattern, Male, Instantaneous (Fig. 36).

(i7) Outlets :
(a) London Fire Brigade, Male, V-threaded (Fig. 37);
(b) Lﬂnd_ﬂn Fire Brigade, Male, Round-threaded ; and
(¢) Morris pattern, Female, Instantaneous (Figs. 33, 34, 35
and 36). ;

Stand pipes with London Fire Brigade, V-threaded, Female
Inlet, and V-threaded Male Outlet are recommended in cases where
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the stand pipes are to be connected directly with the suction pipes of
the fire engines, as this arrangement gives fairly airtight connections

Some engineers prefer London V-threaded Female Inlet Elnrl
Morris Pattern Instantaneous Female Outlet. This also makes g
fairly good connection but in the author’s opinion the connection may
1ot be airtight.

The following points should be observed in the design and con-
struction of stand pipes and other fire fittings : '

(1) Absence of steps, cavities or roughness of any kind in the
interior ;

(22} Clean external design, devoid of unnecessary excrescences ;

(¢17) Lightness;

(iv) Balance ;

(¢) Alloys like gunmetal or phosphor bronze should be used
wherever practicable, instead of brass, which may be
weal and variable in quality ;

(v2) Use solid drawn and not brazed tubing, wherever possible ;
and

(vii) All joints to be brazed and pinned.
(B) CoxxEcTION BETWEEN STAND Pire (or Caxvas Dau) anp FIRE
ExgineE or Pump

This consists of internally reinforced Rubber Suction Iose
varying from 2-inch i/d to 6-inch i/d according to the capacity of the
pumnps, with suitable couplings to fit the stand pipe outlet on one
end and the engine suction connection on the other,

The couplings usually used are either London V or Round-
threaded or Morris Pattern Instantancous, both of which are suitable,
but the author prefers the Threaded couplings for reasons already
gl".-'eu

It should be borne prominently in mind that cnuphngs of all fire
engines in one town should be interchangeable so far as practicable
and suitable adaptors (Fig. 33) should be kept to fit the engines of

near-by towns,

Couplings are either joined to suction pipes by clamps or wired
on. Suetion hose generally is not required for high internal pressures
but has to be strong and reinforced to withstand against collapse or
distortion due to external atmospheric pressure when under a vacuum.
It usually consists of canvas-lined rubber and insertion, internally
reinforced with spiral steel wire reinforcement embedded in the
material.

6. Fire Engines and Pumps

(A) IxTRODUCTION L _ ) .
A fire engine consists of a pump in which the water is subjected
to- pressure sufficient to raise it to the required height to produce, &
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jet. The modern pump draws water through an internally reinforced
flexible suction pipe which is placed in a portable cistern or tank kept
supplied with water or in a river, canal or pond or other source of
water supply. In towns equipped with pressure water supply distri-
bution, the suction pipe can be connected to one or more strect
]1;,rdrantq the engine thus being used to increase the pressure already
existing in the distribution main.

For many years the manual fire engine was the only type evolved ;
then followed the steam fire engine which came into prominence durin g
the later half of the nineteenth century. The average output of the
horse-drawn steam fire engine was about 300 gallons per minute.
These steam fire engines are not generally used now due to their being
cumbersome and the time taken to raise steam.

(B) MopeErx Fire Puues

Modern fire pumps are -driven by internal combustion engines
run mostly on petrol as fuel.

L

Some of these pumps are fitted on a motor chassis and are driven
by a motor engine through suitable gearing while others, though
fitted on the motor chassis, are driven by their own independent
internal combustion engine.

It is sometimes difficult to take such engines over soft ground or
through narrow streets or places where a motor vehicle cannot easily
pass, This has led to the development of fire pumps with engines
fitted on small trailers which can be hitched to the back of a car or
other vehicle. In narrow thoroughfares, where the towing vehicle
cannot go, the trailer is drawn to the scene of the fire by manual labour.

In almost every case, the motive power used with these pumyps,
consists of an internal combustion engine (very often, car or motor
lorry engines of popular makes such as * Dennis,”” “ Austin,”
“Standard ”, “Ford”, ““Leyland ”, * Morris,” ete.) connected by
flexible coupling with the pump.

There are three types of fire pumps commonly used :

(z) Reciprocating ;
(i7) Rotary ; and
(#7) Centrifugal or Turbine.

(C) RecrerocaTiNG Pumps

Reciprocating fire pumps should not have less than three cylinders.
The Merryweather * Hatfield ” is one of the best known reciprocating
fire pumps designed for use in connection with petrol engines. It is
compact, having three separate pumps each complete with plungers,
valves, etc., drawing from a common suction chamber and delivering
into a common delivery (see Figs. 39, 40 and 41). It will be seen that
each pump occupies onc-sixth of the hexagon and is worked from a
single crank. .
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RLLI[}I‘GEM‘IHW pumps are direct in action. When kept in good

order, the slip through their pistons and wvalves is very little and
thercfore, the fh:.{,harge depends on the area of cylinder, length and
number of strokes }Jei‘ minute. When the piston iz drawn out, the
space in the barrel must contain either water or air; thus, if the
suction is tight, the pump will exhaust air and by tending to produce
% FACUMIL, CANEe the water to rize and enter the pump. With a pump
with valves, ete., in good order, a vacuum of almost 24% inches of
MErcury or o7 feet of water should readily be obtained.

(D) Rorary Puumes

Rotary pumps are usged in relatively few cases in America and

Turope. They consist of a pair of interlocked vanes or rotors running
inside a casing (see Fig. 49).

Az the vanes revolve, water is pushed up, causing suction in the
suetion chamber,

A cerfain percentage of water carried by vanes slips back to the
suction side which is unavoidable. This slip tends to increase with
the wearing of the vanes and sometimes may amount to a very
considerable proportion of water pumped.

The number of vanes varies but seven is the most common. TIn
the case of rotary pumps dealing with dirty and gritty water, the
wear in the vanes may be considerable and the losses in slip and
friction are liable to be heavy. For these reasons, the demand for
this type of fire pump is not considerable,

(E) Cewvrrirvean or TurBixe Poures

The centrifugal pump is simple in the extreme and it has neither
plungers nor pistons. The essential parts consist of the casing, usually
of cast-iron, rotors or impellers, either of cast-iron or bronze, with
six to twelve curved vanes depen{img upon the design of the maker.
Water entering at the centre or eye of the impeller is flung outwards
by the centrifugal force set up by the rotation of the impeller, canzing
pressure at the vane tips and vacuum at the centre.

Turbine pumps are of the centrifugal type, the difference being
that the turbine pump has guide vanes while the centrifugal pump
has not. Figs. 43 and 44 show the essential difference between the
common centrifugal pump and a turbine pump. It should be noted
that turbine pumps wear comparatively rapidly if used for pumping
gritty water. The quantity of water delivered by a centrifugal or
turbine pump varies approximately as the speed and the pressure
varies as the square of the speed, consequently the horse power
absorbed varies roughly as the. third power of the speed. To avoid
excessively high speed and extra-large size of impellers, when higher

*1 inch of Mercury = 1.132 ft. head of water,
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ies, forming a multistage centrifugal or turbine pump.

,umping pressures are required, a number of impellers are arranged
!” SCTICE,

Where the head is such that a large number of stages is to be
1 sed, a turbine pump should be used in preference to a centrifugal.

In case of fire engines of the smaller sizes, normally single-stage
,r double-stage pumps are used but sometimes three or four-stage
pumps may be required.

. In Appendix IT] annexed, the characteristic curves of some of the
popular types of trailer fire engines fitted with centrifugal or turbine
pumps in use with the Punjab A. R. P. services, are given.

; The efficiency of centrifugal or turbine fire pumps usually vares
' from 50 to 70 per cent. or more depending on working conditions.

3

Centrifugal or turbine pumps when required to draw water from
« level below that of the pump, which must not exceed about twenty
' fect, have to be provided with air exhausters to exhaust air from the
' puction pipes or the suctions must be provided with foot valve and
| suitable priming arrangement. In the case of fire pumps, as time is
! un important factor, efficient exhausters should always be fitted in
. order that the suctions shall be charged rapidly.

Whenever pumps are run, whether for testing or other purpcse,
they should be charged with water to prevent damage occurring cue
to overheating of glands, ete.

() GENERAL

The following table gives particulars of the maximum theoretical
suction lift of pumps at various altitudes above sea level at standard
barometric pressure based on 14.7 lbs. per sq. inch at sea level :

SRR SR st g o e R ———

——

: Maxim:r;x
. |Equivalent| practica

Barometric r]:lmw&lt'l of sI::r:tioz life

Altitude PIessure | wyter in |of pumpsin

: Ibs._-per 89- | feet (theo- |feet assum-

inch retical |ing nc rric-

suction lift)|tion loszes
Sea level 68 14-7T 3393 . 25
1 milé or 1,320 ft. above sea level 14-02 3338 23
2 mile or 2,640 ft. above sea level 13-33 30°79 22
1 mile or 3,960 ft. above sea level | = 12-66 29-24 21
1 mile or 5,280 ft. above sea level 12:02 .| 2776 20
13 mile or 6,600 ft. above sea level | 1142 2638 19
13 miles or 7,920 ft. abovesealevel |  10-88 25'13 18
2 miles or 10,560 ft. above sea level 9-83 22-82 18
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It will be seen that at Lahore 700 ft. above sea level the theoretical
lift is about 33 ft. while at Simla about 7,000 ft. above sea level it is
only 26 feet. The maximum practical suction lift obtained even with
well-made ram or plunger pumps is usually not more than 70 per cent.
of the theoretical lift and is given in the last column of the Table,
Thus it will be seen that whereas at sea level a maximum lift of about
25 t. may be obtained under favourable conditions, at Simla only
about 18 feet should be expected.

Almost all types of pumps, however, work at their best at sea
level when the suction lift is less than 17 ft

At places with spring level deeper than 16 to 18 feet below ground
level, auxiliary pumping plants which should be placed preferably
within 3 to 8 ft. of spring level must be lowered into the well and fixed

on a platform which may be slung into the well or suspended from
the surface.

In such cases, a suitable arrangement to discharge exhaust gases
clear of the well should be made.

In cases of fires a long distance away from the source of water,
several fire pumps or auxiliary pumps may have to be fitted in series
or rzlays to boost the supply to the scene of the fire.

When using water which carries floatingmaterials, detritus, ete,
a basket strainer as well as a copper strainer should be fitted at the
end of the suction (See Figs. 45 and 46).

7. Fire Hoses for Conveyance of the Water under Pressure from
the Pump to Scenes of Fires.

Early fire engines consisted of a pump with its lower part fixed
inside a tank fed by water, The pump, when worked, forced water
on to the fire through a short-delivery stand pipe with the outlet end
tapered to produce 2 jet.

To use such engines to the best advantage, the pump had to be
placed as near to the scene of fire as possible. This restricted its

effective range.

(A) Leareer Fire Hoses

About the year 1672, a Dutchman hit upon the idea of making
a leather hose or pipe made of strips of leather sewn together, and
inserting it between the pump and the nozzle.

In 1808, sewn pipes started giving way to rivetted pipes but
these used to leak badly.
About 1819, methods of manufacture of copper rivetted leather

pipes were considerably improved and watertight pipes were produced
(see Fig. 47). .
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Leather hose pipes are strong, they offer good resistance to
internal pressure and, if well Jooked after, will last for many years,
They, however, possess the great disadvantage of being bulky, heavy,
comparatively inflexible, difficult to handle and they offer greater
resistance to flow than canvas hoses. .

(B) Wovex Fire Hoses

Till about 1874, when the manufacture of flaxen hose was intro-
duced, leather hoses were most commonly used.

At first flax hose was entirely woven by hand but, during more
recent years, weaving processes have been so improved that machine-
made hose can now be obtained which is almost equal in quality to
handwoven hose. '

Hose can be made watertight by good, close weaving ‘but this
increases its rigidity, which is objectionable. When a hose is first
used, 1t leaks or sweats, but, in due course, the water causes the fabric
to expand and reduces the sweating. This swelling is partly per-
manent, hence a good, well made hose, which has been used several
times, will be nearly watertight.

Materials which swell in the manner described above and commonly
used for manufacture of hoses are hemp, cofton, jute and flax. Hemp
fibre 1s strong but brittle and lacks elasticity and it is only employed
m hoses of inferior quality not used for pressure.

Cotton stretches very much under pressure and, as such, is of no
use 1 unlined fire hoses,

Jute fibre is very coarse and weak and uusuitable for high-pressure
fire hoses,

Flax is the best fibre for manufacture of fire hoses. It is strong
to withstand the pressure, wears well, is soft and pliable and expands
when wet,

The strength and thickness of woven hose depends on the material
used in weaving. ;

The requirements with which fire hose must comply are asfollows :
(¢) Sufficient strength to withstand safely the greatest pressure
the hose 1s likely to be subjected to even after many
years of use :
(¢i) Resistance to leakage at all times to reduce loss of pressure
and unnecessary damage by water to a minimum ;
(éii) Tt should be sufficiently flexible and light and afford a
low frictional resistance to flow of water,

{C} RuereEr-L1NED Fire HosEks

To reduce the loss of water and pressure in the hose through
leakage and sweating, rubher-lined fire hoses are commonly used in

B R S
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some countries. This type of hose offers less resistance to the flow
than unlined fire hose such as flax (see Figs. 48 and 49). Rubber.
lined fire hose should only be supplied to those fire brigades which can
look after the hose scrupulously.

Moreover, the life of the hose is that of the rubber-lining which
maore pa,rtu,ulaﬂ} in hot countries, ig especially liable to deterioration.

(D) Sizes axD Caracities or HoSES

Fire hoses most generally used are of 24-in., 2§-in. and 3-in. i/d,
those most commonly used being 2§ in. i/d and Eﬁ -in. 1/d, but of recent
years a strong tendency to use lHI‘"Ei diameter hme usufill} 33-in. 1/d,
has been noted especially in connection with large Fire Brigades.

~ The types of couplings for joining the hoses together generally
I 18e are : :
(¢) The London Fire Brigade screwed couplings with round
or V-thread (Figs. 50 and 51) ; or
(¢z) An Instantaneous Coupling such as the * Morris ” Pattern.
The latter is the one which hag been recommended for universal
use in the Punjab and it 1s depicted in Fig. 52.
The grooved tail pieces of the couplings are joined with the hoses
by wire as shown in Fig. 53 or by collar or ferrule as in Fig, 54,

Fire hose ig usually laid out for use at fires so that the female
coupling is leading. :

The average loss of pressure due to friction in lined and unlined
fire hoses is given in Appendix IT annexed. A few approximate
figures are tabulated below. The actual friction varies with various
makes of hoses and their materials and, in the case of rubber-lined
hoses, with the type of rubber lining and its manufacture.

TABLE

Loss OoF HEAD IN LBS. PER 8Q. INCH THROUGH 100 LINEAR FEET OF
VARIOUS TYPES OF HOSES

Discharge in  gallons per

minuts = a0 100 150 200 250 300
24-in. if/d Canvas Flax - - -

IIG‘._-.E ; _ g 21 &3 19 33 52 Y i)
2%-in. ifd Canvas Flax

H:}&e - S 03-RL 13 30 0 32 AT

- 2}-in. i/d Rough Rubber— - . -

lined Hose 14 55 13 -22 35 50
23-in. i/d Rough Rubber- - :

lined Hose 09 34 8 . 14 .. 22 a1
23-in. i/d Smooth Rubher- o

Jined o A0 A1 937 AT T 26 -3
23-in, i/d Smooth Rubber- . ' e
llned_ i3 06 2.5 bBS 10 16 23
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The loss of head due to friction in the same size, type and length
of hose is roughly proportionate to the square of the velocity of flow,
hence four times the pressure will be needed for pumping twice the
quantity of the water through fire hose of the same length and des-
cription.

The loss of head due to friction through fire hose of the same
length and description but of different internal diameter is directly
proportional to the fifth power of the internal diameter. Thus the
power required to pump the same quantity of water through 2%-in.
i/d hose will be only .62 of the power required to pump it through
21-in. i/d hose. '

In cases where a volume of water in excess of the quantity which
can, with comparatively little loss of head, be passed through a single
line of hose, is required at a fire, then a number of fire hoses have
to be laid in parallel.

The effect of pumping through single and double lines of 2}-in.
and 2%-in. i/d flaxen canvas hose, 300 ft. long, is shown below.
The quantity pumped is assumed at 300 gallons per minute :

Case I—Single line of 2%-in. ij/d Canvas Flaxen Hose
100 ft. 100 ft. I[ 100 ft. .

|
Total loss of head =751bs./[]"475 Ibs./[7]"~75 lbs./[]"=225 lbs./[]"

Case II—Double Line of 2}-in. i/d Canvas Flazen Hose
100 ft. 100 ft,

[I 100 ft,

Total loss of head = 191bs,/[]"-+19 lbs. /71”19 Ibs.[[] =57 Ibs./[]"

Class I1I—Single Line of 23-in. i/d Canvas Flazen Hose
D 100 ft. ]' 100ft. | 100 ft.

Total loss of head =47 Ibs.[[ ]+ 47 lbs.f[:]”-jjui'f Ibs./[]"=1411bs./[]"

Case IV—Double Line of 23-in. ifd Canvas Flaxen Hose
100 ft. |© 100 | 100 ft.

i i .
Total loss of head =12 Ibs./[]"+12 lbs./{]"+12 Ibs./[]"= 36 lbs./J"

These diagrams illustrate the value of the use of parallel lines of
hose and economy in loss of pressure by the use of hose of larger
diameters. T :
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The splitting-up of the lines of hoses is effected by means of

dividing and collecting breechings as shown in Figs. 55 to 57. 1{‘5
: o smatic
This method can be used for joining up two, three, four or mmeJ pressu
Iines of suction pipes also when required. fengtt
Hose ramps (Figs. 57 to 59) should be used to prevent damage s
by traffic when a hose is laid across a street, _ the 1
Hose hooks or slings as shown in Figs. 60 to 63 are used for per ‘F’
carrying hose above ladders, cte. T{-‘T: ™
)2,
{E) MainTENANCE AND REepairs oF Hoses

not

Fire hoses (lined or unlined) should be thoroughly dried after use
by laying out on the ground or on drying racks (see Fig. 64).

After thoroughly drying, the outside surface should be cleaned
and the hose rolled, with the female coupling forming the core of the
roll, and stored in a dry place.

Figs. 65 and 66 show simple machines for cleaning and rolling
the hose.

There are various types of hese-repairing outfits on the market.
Usually these work on the principle of vuleanising the rubber of a
patch over the damaged portion, but there are also several rather
novel methods in use.

One of these provides for putting a washered rivet through the
leaky hole to stop the leak. This is useful in the field for temporary
repairs, - .

Hose-clamps and binders as shown in Figs. 67 to 70 are useful
for stopping a leak in the field.

8. Branch Pipes and Nozzles

Branch pipes are made of streamlined, burnished copper, tapercd
tube with gunmetal coupling at the base to suit the couplings used
with the fire hose and a screwed gunmetal joint at the top to take the
nozzle.

Nozzles consist of round and hexagonal gunmetal fittings, with
recessed top, burnished inside and with the aperture usual]} made in
accordance with the formula for streamlined jets.

Branch pipes with round and hexagonal nozzles are shﬂ“n in
Figs. 71 to 73 and nozzles in Figs. T4 and 75.

Particulars of the pressure of water required to produce ]etb of
various sizes and effective lengths, through nozzles ranging from }-in-
to 12-in. i/d are given in Appendix I annexed.
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It will be observed that jets of small diameter discharge much
smaller quantities of water as compared with larger jets, at the same
pressure and at the same time, the effective height and horizontal
length of the jet becomes greater as the diameter is increased.

Some fire engineers consider that for nozzles of #-in. i/d or over
the maximum economical jet velocity is 120 ft. per sec., while 90 ft.
per sec. produces a good fire stream and 60 ft. per sec. a wealk fire
stream. The pressures required for these velocities are 97, 54 and 24
Ibs. per sq. inch respectively.

In the writer’s opinion, the maximum pressure at nozzles should
not exceed the following limits :

. Theoretical jel
Bore of nozzle Pressure velooity F't.|Sec,
Uptolin. .. .. 7T01bs. 102
fin.to 2" .. - 80 Ibs. 109
gin.tolin. .. .. 90 Ths. 116
1in. to 12 in. .. 100 Ibs, 122

The increased pressure above 100 Ibs. per square inch does not
result in anything like proportionately increased effective height of
jet ; and the increase of power to produce jets of greater heights than
those caused by 100 lbs./sq. inch pressure is out of proportion to the
results obtained.

On the other hand, for reasonably efficient fire-fighting purposes,
water should be delivered at the nozzles at a pressure of not less than
40 to 50 lbs. per sq. inch.

An approximate formula for the discharge through nozzles in
gallons per minute for 50 lbs./sq. inch pressure is 180d2and for 100 lbs./
sq. inch, 250d2. (d=diameter of nozzle in inches.)

_ The discharge of a nozzle is roughly proportionate to the square
of its diameter, the pressure remaining the same.

It is quite useless to use large-size nozzles with fire pumps which
cannot deliver the quantity of water passed through such large nozzles
at smitable pressure.

The tables given in Appendix I should, therefore, be most
carefully studied to avoid making ridiculous mistakes in the selection
of sizes of nozzles to suit the fire pumps in use.

This is mentioned particularly as it is frequently lost sight of at
the time of a fire.

o e B
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Special Patent Nozzles

There are certain patent nozzles. The Standard * London ”
Nozzle (sce Fig. 76) is provided with Z-inch i/d jet and can produce
the following :

(@) A solid Z-inch jet ;

(b) A smoke-driving sereen ;

(¢) A solid jet and screen simultaneously ; and
(d) Shut off, either spray or jet.

Tn the ““ Pouderoux ” Diffuser (see Fig. 77) in addition to throwing
a straight jet, water can be whirled centrifugally under pressure and
broken down to fine uniform vapour which can be safely directed on
high tension cables.

The * Pouderoux > Diffuser is fitted on the branch pipe in place
of a nozzle.

The “ Nelson ” Nozzle is somewhat similar to the London Nozzle
when in action (see Fig. 78).

By the operation of a hand wheel, the following six different

phases can be produced :

(1) A complete shut-oft ;

(2) A first-aid jet;

(3) A powerfal solid jet ;

(4) A concentrated spray ;

() A wide-angle smoke-driving spray ; and

(6) A solid jet combined with any adjustment of spreader.

9, Special Equipment fer Air Raid Precautions

(A) INTRODUCTION

It is opportune in view of the present war situation to give parti-
culars in this paper of special equipment which has been found suitable
in Great Britain for dealing with incendiary bombs and fires caused
by them.

Typical incendiary bombs consist of thick-walled tubes of
aluminium, elecktron or inflammable alloy of magnesium, aluminium
and zine, filled with an igniting compound, principally * thermite.”
These bombs weigh from 2 to 60 Ibs. but the smaller type, weighing
nearly 21 Ibs. and known as the ““ kilo ”” bomb, is most generally used
due to its lightness.

The “kilo ”” bomb consists of a 2-inch diameter circular eylinder,
10-inch long, with 5-inch long metal stabilizers or vanes forming its

ik i . iy S R o 55T
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tail (see Fig. 79). No matter how many fire brigade units may be
available in a town, the number of fires which are liable to be produced
by even a few mroplanes dropping incendiary bombs are so great that
the fire brigades would probably be unable to cope with even a fraction
thereof; hence it is necessary that householders and other persons in
charge of buildings and institutions as well as A. R, P. personnel shall
be provided with small hand-operated appliances to deal with burning
bombs and incipient fires.

It may be beyond the capacity of a house-holder to fight a large
incendiary bomb for which the fire brigade should be called, but small
incendiary bombs are comparatively easy to tackle and every house-
holder should be trained to equip himself with the necessary appliances
and know how to use them for rendering the bombs innocuous and
dealing with incipient fires caused thereby.

{B) MgeTHOD or AR ATTACK -

Aeroplanes, each carrying anything from a thousand to three
thousand ““ kilo”* bombg, when flying near a target, are able to dis-

charge these small incendiary bombs In salvoes of twenty or more at

a time, by which means a number of fires may be started simultaneously.

() Actiox or THE INncreNDIARY BoMB

A “kilo” bomb dropped from a height of 5,000 ft. above the

wround attains a velocity of 350 ft. per second near the ground. With

the momentum thus gained, it can penetrate a roof of reinforced con-

crete 4-inch thick, or a steel plate I-inch thick, or a layer of bags closely

packed with dry sand. When the bomb hits a hard surface, a needle
1s driven into a small percussion cap in the nose of the bomb which
ignites the thermite. The thermite ignites to a white incandescent
heat of about 2,500°C. temperature, emitting jets of flames and molten
‘metal violently through the vent holes of the bomb all over the place,
thus starting incipient fires.

Tn a minute or so, the metal casing gets well alight. This burns
at a temperature of nearly 1,300°C. and gives off a dazzling light,
while the molten burning metal therefrom can easily penetrate through
an ordinary flat or corrugated iron sheet.

An incendiary bomb does not explode unless water is thrown on it.
It is violent for the first minute or so until the ** thermite ” burns
out but afterwards it burns more steadily.
{D) APPLIANCES REQUIRED To FIGHT INCENDIARY BOMBS

The following appliances are required to fight incendiary hombs or

o prevent incipient fires therefrom so far as possible.
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(¢) The Stirrup Pump

Thiz iz a simple wng,le -cylinder single acting hrass- barreled
plunger pump capable of pumping about 13 gallmla of water per
minute (see Fig, 80). It is fitted with a length of rubber insertion,
cdelivery hose with an L-inch dia. plain nozzle at the end, which will
give a jet of about 30 ft. in length and also a spray-making nozzle to
give very fine atomised s pr{‘atlmrr spray (Fig. 81).

A dual-purpose nozzle to provide both a jet and an atomised spray
by turning a lever and without actually td,kmg off the nozzle has been
d(“"alf'I]Ed in the Public Health Circle, Punjab, for use with stirrup
pumps manufactured locally at therv, as shown in Fig. 83.

Thig pumnp, as approved by the Home Office in England, is pro-
vided with 30 ft. of delivery hose. This length is found 1EeCessary
there to enable fires in the lofts of pent roofs to be tackled, but as

such type of construction is not usually adopted in this part of the
world, a length of ten to fiffeen feet of deliv ery hose is considered
sufficient here, However, in hill tracts, such as Simla, Kangra,

Murree, ete., where pent roofs are used, stirrup pumps should be
provided with 30 ft. length of hose.

(71) The ** Redhill” Equipment

A set of *“ Redhill ” Equipment consists of a metal sand container

to hold approximately 30 lbs. of sand, a scoop and a rake, The rake
and scoop of the Standard Redhill Equipment approved by the Home
Office in England [as shown in Figs. 84(a) and (b)] are provided with
1-inch dia. ashwood handles with bayonet joints so that both handles
can be joined together to give extra length in case of necessity.

In the Punjab, suitable ashwood is not available at reasonable
cost and light * female * bamboo handles, 7-ff, 6-in. long for the scoop
and 5-feet long for the rake have been provided (as shown in Figs, 86
and 87). '

(213) Darl: Glasses

A pair of cheap, dark-blue glasses with a metal frame should be
worn to protect the eyes from the dazzling effects of light emitted by
an mcendiary bomb.

(év) Sacking

Pieces of gunujr or old sacking are required to he wetted and
wrapped round the legs to protect the legs when working the appliances.

(v) Kerosene oil tins or buckets full of water with arrangements for
replenishing these quickly should also be provided.

e R o i
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() MetHOD oF FigEHTING INCENDIARY BoOMBS

The igniting compound of an inecendiary bomb, i.e., thermite,
contains its own stock of oxygen and cannot be extinguished by
ordinary means, The thermite, however, burns out 1n & minute or so.

When a burning incendiary bomb is discovered, it should be
remembered that the fires caused by the bomb are much more im-
portant than the bomb itself. These fires should, therefore, be hrought
under control or extinguished as quickly as possible, while the sur-
roundings of the bomb, including all inflammable objects such as
curtaing, furniture, carpets, clothes, wooden articles, etc., within its
radius of action should he kept wet by pumping a jet of water from the
stirrup pump thereon. At the same time, great care must be taken
not to direct the water jet on the bomh itself which, if brought in
contact with water, is liable to explode, throwing pieces of burning
and molten metal all round, each one of which may cause a fire,

After putting out incipient fires and wetting the area around the
bomb, the bomb has to be dealt with.

As soon as the thermite of the bomb is burnt out, sand should he
placed on the bomb by means of the long-handled scoop so as to cover
it with about 2 inches of sand all round., This sand will cut off the
supply of oxygen to the bomb and reduce its activity, making 1t almost
innocuous. Then, with the help of the rake, the bomb, surrounded
by sand, should be raked into the scoop, thrown into the sand con-
tainer, covered with sand and removed to a safe place to burn out.

~ Ifan incendiary bomb drops in the open or other safe place where
1t cannot start a fire, it may be allowed to burn itself out. If, however,
the rate of combustion of the homb needs to be accelerated, the fine
atomised spray from the special nozzle of the stirrup pump can he
directed straight on the bomb. The decomposition of the atomised
water will provide the extra supply of oxygen required to enable the
bomb to burn up quickly. _

10. Equipment and Personnel for Fire Brigade equipped with
small or medium-size Trailer Fire Engines.

~ The equipment and personnel required for each trailer fire engine
unit will vary considerably, depending on local conditions, but in
order to give some indication as to the equipment and personnel likely
to be needed with each trailer fire pumnp, the following particulars
are mven. These would constitute a fair provision to enahle reason-
able efficiency to be maintained, but in many cases additional personnel
and also equipment, especially greater length of delivery hose, would

be required.,

A A b Y R i
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{A) IKquipmexT For & FIRE Bricane UNIT PROVIDED WITH A SINGLE
SMALL OR MEDIUM 812E TrAILER FirE Prmp. Desci
For places  For places
Description of itein of equipment with piped  without Remarks _
water  piped water Bam
supply supply Hoo!
Armoured suction hose  with HG?{
- » = . H_E):
couplings 3080 B0 Shu
Hydrant cover keys 2 Nos, L
Hydrant kevs 2 Nos. Fon
Stand pipes 2 Nos. (1 No. double- Do
headed and |
1 No. single- Dc
headed). :
Suction adapter 1 No. iy e
, - T 4l
Suction spanner 1 No. 1 No.
Copper strainer 1 No. 1 No.
Foot valve {gunmetal) 1 No. 1 No.
Basket strainer 1 No.. 1HNg
2%-in, i/d flax canvas delivery fire
“hose . Sufficient  fo  swt

2%-1n. Branch pipes
Branch pipe nozzles :

1Y 1_

London nozzle

Pouderoux diffuser 5

Portable hand pump with hose ..

Red Hill equipment

Portable canvas dam, 100 ga.lTn}n‘:-
capacity

Collapsible canvas buckets

Hose clamps

Telescopic ladder

. One cach for larger

local conditions with
a mimimum of 1,200
feet.

2 Nos. 2 Nos.

sizes of trailer fire-
engines only.

1 No. 1 No.

2 Nos 2 Nos.

2 Nos 3 Nos.

2 Nos. 2 Nos.

1 No. I No. For large-size
trailer fire-

. engines,

1 No. 1 No.

1. No. 1 No.

1 Set; 1 Set.

1 No. 1 No.

"3 Nos. 3 Noa.

1 No. for every 200
ft. length of delivery
hose.
1 No. For large

+owns only.

1 No.
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. For places  For places
_ Description of item of equipment — with piped  without Binais
- water  piped woter 68
supply supply
Bamboo ladder 20 ft. 1 No. 1 No.
Hook ladder, light 1 No. 1 No.
Hose-repairing outfit 1 No. 1 No.
Hosge-winding machine T R 1 No.
Shut-off and control, dividing
' breeching SR 5 T 1 No.
Collecting breeching .. 1 No. 1 No:
Double male instantaneous coup-
ling = 1 N 1 No
Double female instantaneous
coupling 1 No. 1 No.
Lifting screw jack (10-ton mpa,—
city) s 1IN 1 No.
Jumping sheet 1 No. 1 No:
4"« 4" asbestos blankets 2 Nos. 2 Nos.
First-Aid medical set 1 No. 1 No.
Life line 60 ft. 1 No. 1 No.
Manilla rope 2-in, 100 ft. lelwth 1 length 1 length
Manilla rope 2-in. 50 ft. Imwth .. 1length 1 length
Rubber gloves 2 pairs 2 pairs For places
with electric
supply.
Heavy axe with handle 1 No. 1 No.
Pickaxes with handles 2 Nos. 2 Nos.
Kassis or shovels 2 Nos. 2 Nos.
Crowhar 1 No. 1 No.
Hand-saw 1 No. 1 No.
127 insulated plier .. 1 pair 1 pair Diito.
‘Bledge hammer (71bs.) with handle 1 No. 1 No.
RBerew-driver 1 No. 1 No.
Neon light switching-ofl hook 1 No. 1 No. Ditto.
Nozzle spanner 2 Nos. 2 Nos.
Hose and tool cart I Ho. 1 Nao.
Firemen’s uniforms with hﬂﬂtﬁ
etc. .. 1 set per Fireman.
Firemen’s belt, pouch, axe,
life line and helmet, ete, 1 set per Fireman.
Thunder whistles 2 Nos. 2 Nos.
Dark glasses 2 pairs 2 pairs
Electrie torches 2 Nos.: 2 Nos.
Hurricane Jamps 2 Nos. 2 Nos.
Bell siren 1. B, 1 No.
Hose suspenders 3 Nos. 3 Noz.
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For places For places

De*cr:pim;a of item of equipment with piped  without
water piped water Remarks

supply supply

Spare  delivery coupling rubber

washers .. 3 Nos. 3 Nos.
Box of storm proof maches .. 2boxes. 2 boxes
Lock and chain .. 1sev, 1 set.

(B) PERsONNEL

The personnel given below ig the minimum nucleus establishment
required per trailer fire pump and this will need to be considerably
supplemented by voluntary workers at the time of an actual five ;

(1) Station Officer, who should be a good Me-

chanic and Driver also . .. 1No.
(#7) Trailer Fire-Engine Driver ik Sl T
(17:) Head Fireman i . o 1iNing
{(iv) Firemen i % T T

paiyt
gffect:
mend

tary

1engt

Where there are several trailer units in a Brigade, a Station
Officer can control two or more units.

These men should reside at the Fire Station and he available at

all times of the day and night and either the Station Officer or the
Trailer Fire-Engine Driver should always be present at the Fire
Station.

A motor vehicle is required to tow the trailer fire pump and to

carry the hoses and equipment as well as the firemen to the scene of
the fire. An ordinary, open-body type, light lorry suits admirably for’

this purpose.
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APPENDIX 1
PART I

Tables showing Discharge of Water from plain nozzles of sizes,
Fanging from g-in. to -in. bore with approzimate height and lengths of

\ effective fire streams therefrom for Fire-fighting purposes based on experi-
- mental results of Prof. F. M. Dawson, Professor of Hydraulic and Sani-
. lary Engineering, University of Wisconsin, U. 8. 4.
¢ Nore—The eTective height and length of a fire stream is the height and
. Jength at which the jet starts to lose force necessary for fire-fighting purposes,
3E| 33 |83° | |&5
; S5 BP |EE . ol=g |28
; Bore of nozzle 5| T8 E8E | .5 t B R
9 28 = [Pt O] B e Cw
2% 23 BB E2s |28
4| 3% |8R38 |88 (L8
t':. ir—-: ';;_‘.E E =TS F‘;‘:‘:’?@F F‘-'.‘_ 0
: | Bin :
( 20 55 BT 18 19
: 30 67 8.2 24 26
l 1-in. internal dia- i 40 i 9.5 29 33
i meter < | B0 26 11 38 36
;s 60 95 12 4] o
: | 70 102 13 43 40)
L| 100 122 15 47 43
1 ( 20 55 1| 21 25
F 130 67 13 28 31
5/16-in. internal dia- | | 40 7 15 36 36
meter < | 50 86 17 42 29
: 60 95 18 47 43
E i1 70 102 20 50 46
. LI 100 122 24 53 49
. (| 20 25 15 26 25
; = 30 67 19 31 | 33
. P-in. internal dia- | 40 77 921 39 | 49
E meter < 1 50 36 24 45 44
160 95 26 51 48
4 Ll T0 102 28 56 51
. L] 100 | 122 34 58 52
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-
5 = 3|3 23 | 2.8
s | 3. |§S8 E= | Ss
82| 8% |E=% | o= |8
Se | 28 |[RE:8 e e A=
- "R la % -
Bore of nozzle 2| s ¥ &3 Y g ng .
o] oW (B s | =
= & e Pl Ny E= -
& ST |sgE=S=| =& = ,,gf [
S| B IS88S| §2 33z |
84| S5 [3R%| &% [S58
g2 | S8 [gsCl| S | FIF |ene
[ 20 55 20 29 30
30 67 25 36 7
| 10 7T 29 12 13
7/16-in. internal dia-< | 50 86 33 48 48
meter i 60 95 36 56 49
70 102 39 59 55
L 100 | 122 16 64 53 |
20 b5 27 33 a4
30 67 33 32 40
40 17 38 46 44
3-in. Intenﬂi dia- 50 a6 43 52 51
meter 60 95 47 659 57

70 102 51 66 59
100 122 60 72 63,

30 67 42 45 4‘3

meter 60 95 59 65 59
70 - 102 64 RS | | 63
100 128 76 76 66

20 55 42 35 37

_ 40 - 60 | B4 52
‘§-in. internal dia- - 50 86 67 61 59

meter ]
70 - 102 79 77 72

100 122 95 84 76

i
9/16-in. internal dta-l 50 - 86 54 58 53
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APPENDIX I

{
i PART II
1 Tables showing discharge of Water from plain nozzles of sizes rang-
' f g from 2-in. to 1%-in. bore with approxvimate heights and lengths of
% effective fire streams therefrom for Fire-fighting purposes based on resulis
_-3 of experiments made in U.S. A. by Mr. J. R. Freeman, C. E.
: '~ NorE—The effective height and length of a fire stream is the height and
é length at which the jet starts to lose force necessary for fire-fighting purposes.
% == - e s Lo | [ e
i = = Bl = =W B
2% | . [833 SN |25
J Bore of nozzle 5 % EoREs B T 28 %‘“ &
© 5 by IBEE | FER A
SE | F3oFrds| f8 i
¢ = o 28 B9 S éf:"é &
&S = BT B8 | B8~
_['; 20 35 61 33 29
| 25 61 63 a1 3
} 30 67 T4 48 37
35 2 31 D5 41
j 40 77 86 60 44
2-in. internal ' 45 52 91 64 47
diameter # 50 =5 94 67 5}
l 60 95 105 T2 o4
70 102 114 76 58
} 80 109 121 79 62
90 116 129 81 65
‘L 100 122 136 83 63
(1 20 55 82 | a4 33
_j 25 61 92 42 38
! 30 67 101 49 42
_ | 35 72 109 56 46
J 40 T 117 62 49
Z-in, internal ' 45 32 124 67 53
diameter j 50 26 131 71 55
60 b5 143 i 61
T0 102 154 81 66
. J 80 109 166 85 70
90 116 | 5id5 88 71
L| 100 122 185 90 76
_ f g @
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= < T = | =2 R -
st | b [Be5 | 88 |33
= n — = ' e =28 =
Bore of nozzle = % - E 25 E" -2 S | P Bor
ob | SB [=mrked =6 |ae
= 2 =3 Rea2]| 28 B
10| 55 [33F| &5 |3
== S5 |g80 % g % 8-
[ 2 35 103 35 37
| 2 61 | 120 13 12
| 30 67 133 Al 47
1| 35 79 143 B8 51
Ll 40 7 | 153 64 5 |
1-in. internal ! 15 32 162 69 58
diameter <
Ll 350 86 | 171 73 61
60 95 187 79 67
70 102 202 85 72
20 109 216 29 76
90 116 229 | 92 80
Ll 100 122 242 96 83
(I 20 55 137 36 38
25 61 153 44 44
30 67 167 52 50
35 72 181 59 54
40 i 193 65 59
1}-in. internal 45 82 204 70 63
diameter < '
50 86 216 75 66
60 95 237 33 72
70 102 256 88 77
80 109 213 92 a1
90 116 | 290 96 85
| 100 122 305 99 89
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zontal fire stream in

Effective length of hori
Feet

= S0
Lo =3

1}-in. internal dia-

|
5
!
|
!
i
i
%

The Engineering Stde of Fire Fighting

Bore of nozzle

I

Pressure at nozzle in
bs, per square inch

Velocity of discharge

i feet per second

Coefficient of discharge

Discharge tn tmperial
gallons per minute—

= R OT

L {fective height of verti-
cal fire stream wn Feet

1

| Effective length of hovi-

zontal fire streawm in

Feet

meter

S ——

45

1#-in. internal dia~_<
meter |

100

55 169 37 40
61 189 46 | 47
67 207 53 | b4
72 224 60 59
77 239 67 63
82 253 72 67
86 267 7 70
95 202 | 85 76
102 316 | 91 81
109 338 | 9 85

|
116 358 | 99 90
122 377 | 101 93

| |

I’ ‘-
55 204 1 38 42
61 229 | AT 19
67 250 55 56
72 270 | 62 62
77 237 | 69 66
82 306 | T4 70
8 322 79 73
95 354 87 79
102 332 92 84
109 408 97 88
116 433 | 100 92
190 457 | 108 96
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OF VARIOUS TRAILER FIRE EN:
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IRACTERISTIC CURVES OF HEADS AND DISCHARGES
OF VARIOUS TRAILER FIRE ENGINES.

| -
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P

il 1 MOTE FirM LINES OF THE CURVES SHOW THE
R FIGURES GIVEN IN THE MAKERS CATALOGUES,
i I WHILE THE DOTTED LINES SHOW THE QUANTITIES
5 5 I e P WORKED OUT APPROXIMATELY. ;
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