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A
PREFACE

IN preparing this book my object was not to treat of the
various processes of manufacture and distribution of illuminat-
ing gas, nor to discuss the lighting of public streets, alleys,
parks and squares.

It should be distinctly understood by the reader that I take
up the subject of gas installation and gas utilization practi-
cally at the point where it reaches the consumers’ premises.
I endeavor to explain how gas-fitting should be done so that
gas may be advantageously employed in the illumination of
the interior of buildings. Incidentally, other uses of gas are
mentioned and their advantages pointed out.

To give a detailed technical instruction regarding the practical
work and the mechanical details of the gas-fitter’s work in the
piping of buildings was beyond the scope of the book. Several
smaller handbooks, mentioned in the bibliography, are avail-
able, which cover the ground fairly. In compiling the bibli-
ography (Chap. XXVII) the author arranged the literature, as
far as dates were available, by the year of publication.

The book is intended chiefly for the use and enlightenment of
the gas consumer and the householder. However, it will also
be found useful by architects, engineers, builders, and building
superintendents to enable them to acquire a better knowledge
as to how to introduce, distribute, and utilize gas in buildings.
It should also be of value and interest to gas companies and
superintendents of gas distribution service.

The author is under many obligations to Mr. Otis Allen
Kenyon, M.E., for valuable suggestions, as well as for his criti-
cal revision of the manuscript. He also desires to acknowledge
assistance received from Norman P, Gerhard in preparing the
bibliography, from Hans W. Gerhard in making the alphabetical
index, and from Mr. R. N. Hart in careful proofreading.

THE AUTHOR.
New York Crty, January, 1908.
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THE AMERICAN PRACTICE OF GAS PIPING
AND GAS LIGHTING IN BUILDINGS

CHAPTER 1.
PREJUDICES AGAINST THE USE OF GAS.

In the following pages the term “gas” is used to designate an
aeriform mixture, used either as an illuminant or as a fuel.
When used for lighting, gas is called illuminating or lighting gas,
and when used for heating, cooking, or power purposes it is
called fuel gas. Gas used for illumination is largely hydrogen
enriched by carbon.

We also distinguish between natural or rock gas and artificial
or manufactured gas, the former being found in nature beneath
the earth’s surface and brought up by means of bored wells, the
latter being gas manufactured in industrial establishments or
gas works, or in special private gas plants or apparatus. The
bulk of manufactured illuminating gas is either coal gas, the
product of the distillation of bituminous coal in closed retorts,
to which a high degree of heat is applied, or else it is water gas,
made more cheaply than coal gas by passing steam over glowing
coals, and afterwards enriching it with vapors of oil or naphtha
to make it luminous. Very little 0il gas is made from hydro-
carbon oils. Water gas has considerably less heating power
than coal gas, but in all other respects both kinds of gas, sup-
plied from a central station through a system of distributing
pipes, and brought by service pipes into the houses of the con-
sumers, are well adapted for light, heat and power.

Aar gas is a special gas, used to a limited extent in the lighting
of country houses, and made by forcing common air to pass over
gasoline or other fluid hydrocarbons, the air becoming saturated
with the vapors of the fluid. Acetylene gas is another special
gas discovered more recently, and obtained by the contact of
calcium carbide with water.
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2 Gas Piping. and Gas Lughting

Sometimes the term “gas’’ is used to designate a gas lamp, a
gas jet or a gas burner, or the light produced by burning gas.

A rather unusual, but witty, definition of “gas’ is the follow-
ing, which I quote from the “Silly Cyclopedia”: “gas — a sub-
stance we make light of until the bill comes in.”

The industry of manufacturing illuminating and fuel gas
celebrated the anniversary of its first century in 1892, for it was
in 1792 that Thomas Murdock, in England, first illuminated his
house with gas.

Although the advent of the electric incandescent lamp, in
1880, threatened at first to revolutionize completely the methods
of both interior and street illumination, the gas-lighting industry
has continued to flourish and to show during the past 25 years
an ever-increasing consumption of gas for lighting, heating and
power purposes. The growth has been particularly noticeable
" in the so-called “day consumption’ of gas, it being at present
used to a large extent in gas heating and gas cooking appliances,
and also for power purposes, in gas motors and engines.

Notwithstanding the numerous improvements, introduced in
gas appliances and in gas illuminants, there are still found, in
certain quarters, ill-conceived and old-fashioned prejudices in
opposition to the use of gas, and it is with a view of doing away
with these, and of clearing up misconceptions and exaggerated
or erroneous statements that this brief chapter is introduced.
The many popular fallacies regarding gas and its uses will be
taken up and discussed in Chapter II.

We have become so accustomed to the benefits derived from
the introduction and use of gas in our dwellings, and from the
not less important advantages due to the lighting of our streets,
squares, and parks with gas or electricity, that we can scarcely
believe it possible that a newspaper should have appeared in
Germany in the year 1819, in which the following, to say the least,
ludicrous, objections against street lighting were brought forth.

The writer of the article denounced the artificial illumination
of streets after sunset because “God had decreed that darkness
should follow light, and mortals had no right to turn night into
day.” He declared that people did not require any light at
night outside of their houses, and argued that the lighting of
street lamps imposed an unnecessary tax upon the people. He
also claimed that the fumes of oil lamps or of gas poison the air (1)
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and affect the health of delicate persons, while public lighting
encourages healthy persons to stay out of doors after dark and
thereby to catch cold. Street lighting, in his judgment, would
lower the standard of morality and remove the fear of darkness
which alone prevents weak-minded individuals from committing
crimes. The lighting of streets would make robbers bold and
cause horses to shy (). It would also reduce patriotism as
evinced in special night illumination during public festivals,
because if streets were lighted every night, these special functions
would lose their effect.

We can, possibly, pardon a man for foolishly decrying in the -
above words a new industry, at a time when it was first being
introduced. But what shall we say of people who, at the be-
ginning of the twentieth century, still adhere to notions like the
following:

“Tlluminating gas is poisonous, and hence dangerous to use;
it is explosive and thereby becomes the cause of fires; the com-
bustion of gas produces irritating and unhealthy vapors;” or of
those who cry out that ‘“gas is too expensive to use,” or those
who do not care to introduce gas ‘‘because it will soon be super-
seded, anyhow, by electricity?”’

It may not be amiss to take up briefly some of the prejudices
mentioned, in order to analyse them and to point out why the
statements made are erroneous and misleading.

There are some persons who claim that very soon electric
lighting will supersede gas entirely, and who, for this reason,
are opposed to the introduction of gas into buildings, at least
for illuminating purposes. Persons who argue in this way are
entirely unfamiliar with the true facts, which they could easily
establish by a diligent research, namely, that since the intro-
duction of electric lighting the use of gas has made rapid strides
forward. Nearly all gas works show a large increase in gas con-
sumption, and many instances are named where electric incan-
descent lamps have been replaced by the improved forms of
incandescent gas lamps. Even in the lighting of railroad cars,
no progress has been made in recent years in the use of electric
lamps, whereas, only recently, successful experiments were made
in lighting passenger cars with the Pintsch gas, burned in neat-
looking, inverted, incandescent mantle burners.

Many other facts could be cited to show that there are no
indications whatever that electricity will replace gas entirely.
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A number of important inventions in the gas industry are re-
corded each year, and the old question: electricity or gas ? is no
longer of importance, for both forms of lighting have their merits,
advantages and uses in special cases, and there is certainly room
for further improvements in both fields of illumination.

Contrary to recent opinions held by some architects, the
author can give no better advice to those who are building resi-
dences, than to have their houses both piped for gas and wired
for electricity. Many instances are on record where the electric
lighting has failed temporarily, for local reasons, or because the
electric lighting plant or works were, for a time, put out of
commission. It is at such times that the fact that gas is avail-
able will be most appreciated.

There are a number of other persons who have no real objection
to the use of gas, but who fondly maintain the notion that “gas
is an expensive luxury.”

There was a time when gas did cost more than other materials
for illumination, such as oil or kerosene, but that time has long
gone by, and the price of gas has gradually come down, so much
so that at the present time residents in many cities are charged
less than one dollar per thousand cubic feet of gas consumed.

It is true that gas is a luxury, if burned in wasteful burner
tips; and it is also a fact that many persons using gas in their
cooking ranges have large gas bills, because the cook is indifferent
as regards turning off the gas the moment it is no longer wanted.
But such objections cannot be considered valid, because they
can be overcome by the use of a little care or judgment and by
proper instruction. On the other hand, it is a well-known fact
that consumers can obtain for less money than formerly a very
much higher degree of illumination, as, for instance, by using the
modern forms of incandescent gas burners, all of which are much
more economical in gas consumption than the flat-flame burners.

Others again are afraid to use gas for illumination or other
purposes because ‘“‘the products of combustion of gas are un-
healthy.” The chief products of combustion of illuminating
gas, whether coal or water gas, are carbonic acid and water
vapor. If gas is properly purified at the works and burned in
the houses under proper conditions, only a trifling amount of
deleterious compounds escapes into the air of the rooms.

The objection raised can certainly not be restricted to gas
illumination, for it is well known that other forms of illuminants,
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such as kerosene or oil lamps and candles, contaminate the air to
an even greater extent. Where many people congregate to-
gether, as in theaters or other halls of assembly, the air is polluted
much more by the products of respiration and by exudations
from the skin than by the lighting flames. Proper and sufficient
ventilation should, of course, be provided in all cases, and it
may be said that while the electric light doubtless exercises a
less deteriorating influence on the air of closed rooms, the gas
flames, on the other hand, assist in their natural ventilation.

Scientific authorities and noted hygienists seem to agree that
one has little to fear from the use of gas for illumination, and
the fact is worth pointing out that the improved burners, like
the Welsbach incandescent and others, create a very much
smaller amount of pollution, by reason of the fact that they burn
less gas for a same amount of illumination than the large flat-
flame burners.

Still other people, who do not deny that gas offers many ad-
vantages, entertain and cling to the prejudice that “illuminating
gas is dangerous to life because it is poisonous.” But when gas
is introduced into dwellings it is conveyed in tightly jointed
pipes and fixtures. Both piping and fixtures can and should be
made perfectly gas-tight. No doubt this is not always the case,
and leaks frequently exist, due to carelessness and indifference.
But granting that escapes and leakage of gas are possible, the
remedy is a simple one and easily applied.

Gas only becomes dangerous to life when it escapes unburned,
and in most cases gas leaks are readily noticeable, owing to the
odor of the gas. There is somewhat more danger where water gas
is distributed to the consumer, owing to its much higher per-
centage of carbon monoxide, yet statistics in countries where
coal stoves are much used show that more deaths by asphyxia-
tion occur through defective stoves, or by the wrong use of the
damper in the stove flue, than from gas leaks. A German
writer points out that many poisons are used without hesitation
in workshops or industrial establishments, and even in the
household, also that many of our articles of daily food contain
poison, also that carbonic oxide is generated in considerable
quantity in tobacco smoking, yet nobody would think of giving
up on that account the things which contribute to our comfort.
Many deaths from electricity occur, owing to accidental contact
with apparatus or wiring carrying a high voltage, yet this
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fact is never cited as a valid objection against the use of
electricity.

The danger from gas leakage and the proper precautions and
remedies to be applied will be discussed in later chapters, and it
may suffice here to reiterate the statement that the objection
quoted is not an important one, and certainly should not deter
people from using gas in the household.

The last objectlon to gas to be mentioned comes from persons
who claim that it is “explosive,” and frequently causes fires.
As a matter of fact, coal gas only becomes explosive when
mixed with air in a proportion of not less than 4, nor more than
13, parts of air to one of gas. As a rule, accidental escapes of
gas are noticed long before the mixture of air and gas become
explosive. Then, again, gas requires air in order to burn, and
when a gas jet is lit the gas burns only at the point where it
issues and not in the pipes. A large gasometer, filled with gas,
might be struck by lightning, yet, unless it be rent open to permit
the gas to escape and then to become lighted, nothing serious
would happen.

The danger from fire, incident to the use of gas, is no greater
than that attaching to the use of other illuminants with open
flames. In fact, reliable fire statistics confirm the view that
more fires or explosions are due to the use of petroleum or alcohol
lamps than to gas.

In a recent number of Cassier’'s Magazine, Mr. Washington-
Devereux, inspector for the Philadelphia Fire Underwriters’
Association, writing on ‘‘ Fire Hazards and how to Avoid Them,”
relates that the Grocers’ Exchange of London, England, “has
offered a prize of £120 sterling, which for the last three years
has gone begging. It is to go to the inventor of the best-con-
structed safety lamp in which mineral oil can be burned, the
chief merit of which must be absolute safety. The reason for
this prize offer is the fact that the number of accidents resulting
from the upsetting of mineral oil lamps in the United Kingdom
has been enormous, and thousands of deaths have been caused
by such accidents. In London alone, there were, in 1901, three
thousand accidents, more or less serious, due to defective mineral-
oil-burning lamps, stoves and lanterns.”

The use of gas is not in any way extra hazardous, and the
notion that electric lighting is very much safer in this respect is
erroneous. Many fire insurance companies, on the contrary,
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regard the use of gas as safer than that of electricity. Some
underwriters hold the view that no rebates or reductions should
be given on policies for buildings illuminated by electricity, and
that the relative danger to property and life is not less with
electricity than with gas.

As an example, I quote the following enumeration of fatal
accidents which took place in Germany in 1905: gas explosions
killed 9 persons; electricity killed 15 persons; explosions of
kerosene lamps, 250 persons.

In this connection it might be mentioned that in five years
(from 1900 to 1905) not less than 21 fires occurred in Berlin
theaters, out of a total of 66 fires, which were caused by short-
circuits in the electric wiring installation; hence there seems to
be some reason for doubting the greater safety of theaters, in
which gas lighting is excluded by building department regula-
tions. ' ‘

While these remarks are not intended to undervalue the
dangers incidental to the use of gas as an illuminant, they are
given to point out the fact, that illuminating gas is not extra
hazardous, if proper care and judgment are used in its manage-
ment.



CHAPTER II.
POPULAR FALLACIES ABOUT GAS.

Having in the preceding chapter referred to some of the
common prejudices against gas lighting and the use of gas in
buildings, I will now mention a few of the popular misconcep-
tions, which seem to arise largely from ignorance or want of
knowledge.

Among the more common fallacies are the following:

a. That gas companies mix air with the gas to increase its
volume. This admixture of air is never attempted, because it
would obviously result in a serious deterioration of the illuminat-
ing power of gas, for even a 1 per cent admixture of air reduces
the candle-power of gas by 6 per cent, and a 10 per cent admix-
ture reduces the same by 67 per cent. Gas companies are re-
quired by law to make and furnish illuminating gas of a specific
candle-power, and the weekly tests of the gas examiners show
that the quality of the gas rarely falls below this standard, as it
certainly would if air were mixed with the gas. It is a fact,
however, not so well known, that the quality of gas is variable
with atmospheric changes. For instance, a fall in the barometer
reduces the brilliancy of lighting by 5 per cent for every inch of
fall. According to Dr. Letheby, “in London the difference in
the value of the light when the barometer is 31 inches as com-
pared with what it is at 28 inches is fully 25 per cent, and this,
no doubt, accounts for many of the complaints of ‘bad light’ in
November, when the barometer is usually very low.” The
quality of the light is likewise said to be variable with the amount
of moisture in the air.

b. That gas companies blow or pump air from the works into
the gas mains-during the day, to make the meter go around and
to make the index register. This is sheer nonsense, for not only
can the consumer at any time by lighting a burner convinece him-
self that the pipes contain illuminating gas and not air, but where
no gas is burnt and the house pipes are tight, the consumer, by

8
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watching the small hand of the meter during the day, will find
that it remains stationary.

¢. That large gas meters lead to an increase in the gas bills,
and that large gas pipes in houses, as advocated by gas engi-
neers, increase the consumption, and therefore the monthly gas
bills, both of which beliefs, of course, are erroneous, as the gas
consumption depends only upon the number and size of burners
in use, and upon the gas pressure, but not upon the size of the
conduit or pipe conveying the gas to the burner, and not upon
the capacity of the instrument measuring the gas. No one
having large pipes and a large gas meter in his house need burn
more gas than he wishes to, and he can control this gas con-
sumption perfectly.

d. That the gas company willfully puts on more pressure at
the works at night in order to make the gas meters in the con-
sumers’ dwellings go around faster. While the fact is true that
the pressure is increased in the early part of the evening, when a
general lighting up begins, the gas company is obliged to do this
to supply the distant consumers and those located in low-level
districts. The increased pressure causes increased leakage of gas
at the joints of the street mains, and also leads to increased
consumption at the street lamps with ungoverned burners, for
which the companies, as a rule, receive a fixed annual sum by
the municipality, hence it may be accepted without question
that the gas companies would not increase the pressure if it
were not quite necessary to do so.

e. That large burners lead to a waste of gas, and that where
gas companies offer to put better, or larger burners on the fixtures
of the consumer they do this, not for the sake of giving a better
light, but in order to increase the gas consumption. Careful
observation shows that one large burner gives, with less con-
sumption of gas, a better light than two small ones, which
demonstrates the fallacy of the above misconception.

J- That gas vitiates the atmosphere more and creates more
heat than either candles or oil lamps, whereas for the same
amount of illumination the opposite is true.

g- That gas is more dangerous as regards accidents, such as
fire, explosions, escape or leaks of gas causing asphyxia, than
other illuminants, whereas the statistics of fire underwriters and
the records of hospitals show more fires and accidents caused by
lamp explosions than by gas.
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h. That if in one house, owing, perhaps, to insufficient size of
the gas service or of the house pipes, the pressure is low and the
light accordingly poor, the gas company should be able to
remedy this by giving to this consumer more pressure, if he
desires it, than to the neighboring houses, which is obviously
impossible.

1. That gas pipes may burst from the inside gas pressure,
which mistaken idea possibly arose at the time when natural
gas was first supplied to towns under sometimes very heavy
pressure. With gas as supplied and distributed from gas works,
the pressure is, comparatively speaking, very low, fluctuating
from 10/10 to 40/10 inch of water pressure,* and there is not the
slightest reason for fearing that the gas pipes may burst.

k. That inasmuch as the manufactured gas emits a strong and
unpleasant odor, the same odor must exist and become dissemi-
nated in the rooms, when gas is burning. It is a fact, however,
sufficiently well established by experience, that properly purified
gas, if properly burnt, gives off no obnoxious odors.

l. That gas may, and sometimes does, burn inside of the gas
pipes. I have met well educated and otherwise intelligent
people, who displayed their utter ignorance on the subject by
making such statements, thus reminding me of the people, in the
early days of gas lighting, of whom we are told that they put on
gloves before touching the gas pipes, and of architects who re-
quired in their specifications “gas pipes, to be carried at a safe
distance from all woodwork.” The fact is, of course, that illumi-
nating gas does not burn while confined in a vessel or in pipes
and fittings conveying the same, because air is necessary in all
cases for combustion to take place.

m. That manufacturers of gas meters and gas companies
work hand in hand to defraud the consumer, whereas the fact
is that gas meters are measuring machines constructed with
accuracy and on scientific principles, by responsible manufac-
turers, and that before use all meters are tested as to their

accuracy by special State meter inspectors. Therefore, when-
" ever a consumer believes his meter to be wrong, he may
have it tested, exchanged, or repaired by notifying the gas
company.

n. That gas bills are made out regardless of the amount of gas

* Gas pressure is always expressed in tenths of inches of water pressure.
W.P.G.
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consumed, which popular error has been already alluded to in
speaking of the prejudices of consumers. '

o. A popular fallacy, which is met with occasionally, is that
the gas, after once having flowed through, and been registered on
the index of the consumers’ meter, may pass back into the street
supply pipes, so that gas companies will benefit by a second
registration of the same volume of gas. A slight study of the
construction of the gas meter (see Chapter XVII) will show the
impossibility of this happening.

p. Another erroneous impression, which quite frequently pre-
vails among gas consumers, is that if the size of the gas pipes
is made larger than is common in most houses, there will neces-
sarily be an excessive pressure and a correspondingly increased
gas consumption. Practically, however, the reverse is the case,
for a higher pressure is required to supply the gas burners or the
gas cooking ranges with sufficient gas where the pipes are made
very small; and, on the other hand, the pressure can be more
readily regulated by the consumer, where the gas pipes are of a
good size.

Much can, doubtless, be done to remove these and similar
popular fallacies by giving to gas consumers proper explanations.
The gas companies have constant opportunities to give to their
customers information and advice upon many of the matters
touched upon in this chapter, and it is to their interest to avail
themselves of them,



CHAPTER IIL
ADVANTAGES OF GAS AS AN ILLUMINANT.

In this chapter, I shall consider only the many advantages of
gas as a source of light, leaving the consideration of the use of
gaseous fuel, as compared with liquid and solid fuel materials, for
heat and power, for the next chapter.

To some it may seem superfluous, at this day, to dwell upon the
advantages of gas lighting as compared with other illuminants,
and particularly so when it must be admitted that electric
lighting is, in some important respects, superior. Electric
energy, however, is as yet far from being a cheap source of
illumination; it certainly cannot be looked upon as a source of
light adapted to the means of the bulk of the general publie, and
it must be said that, notwithstanding many recent improve-
ments, electric lighting is still far from perfection. In the regu--
lation of the intensity of the flame, for instance, the gas has the
advantage over the electricity in that it can be readily adjusted,
regulated, increased or diminished at the will of the consumer.
If we except one special form of electric incandescent lamp (the
“Hylo” lamp), not universally used, this regulation cannot be
accomplished in electric lighting.*

But, leaving out of consideration the electric lamp, let us see
what chief advantages gas lighting offers.

The gaseous form of the illuminant involves some 1mportant
advantages not possessed by liquid or solid illuminants. Thus,
gas is readily conduected in pipes to any place where it is to be
used as a source of light. It becomes available in an almost
unlimited quantity, this being restricted merely by the size of
the service pipe. From the service it is easily distributed to
as many different places or outlets as wanted, and its flow is
conveniently regulated.

There are other important considerations of convenience
where gas is used, such as the avoidance of loss of time, the

* Since writing the above, another device has been introduced, the object

of which is the regulation of the light intensity of incandescent lamps. W.P.G.
. 12
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labor or annoyance of purchasing and getting the materials
required for illumination, the candles or the kerosene oil and the
lamp wicks; nor is any trimming and cleaning of wicks of the
lamps and of lamp chimneys required. '

Regarding the purchase of gas for lighting, it should be
mentioned that gas is charged for at a unit price, which, in recent
years, has been steadily decreasing, so that at the present time,
for instance, consumers in New York obtain one thousand cubic
feet of gas at eighty cents, whereas the market price of good
lighting oils fluctuates more or less. When buying oil or candles,
consumers pay in advance, as it were, whereas payment for gas
is made after it has been used.* The bills for gas are made out
from the records of the gas meters, which are officially tested
measuring apparatus, and even the quality of gas is controlled at
municipal testing stations, at least so far as the candlepower of
the gas furnished to consumers is concerned.

Kerosene oil may, in itself, be cheaper than gas but if we add
to its cost the breakage of lamp chimneys and the cost of trim-
ming the lamp wicks, and for cleaning and filling the lamps, gas
becomes the cheaper illuminant of the two.

One great advantage lies in the convenience of gas lighting.
The gas flame is instantly lighted, available at all points where
gas outlets are placed, and quickly put out.

Gas burners are also cleaner than oil lamps, there is no objec-
tionable smell, and less heat is created and the air is polluted by
products of combustion to a lesser degree than where candles or
lamps are used.

Finally, gas lighting involves less danger from fire than illu-
mination by oil lamps, and while the portability of lamps is
claimed by some to be one of their advantages, it also renders
them dangerous in use, as many lamp explosions prove.

What interests the consumer more than other things is the
cost of an illuminant, and, as regards economy, gas lighting, in
particular when the modern incandescent gas lamp is used, is
ahead of all other modes of lighting, as the following comparison
shows, in which the electric-arc lamp is not included, as it is not
well adapted for dwelling-house illumination.

The electric energy, if taken from a central station, costs in
New York at present 10 cents per kilowatt-hour. Hence the

* This statement does not apply to gas burned in the more recent prepay-
ment gas meters. W. P. G.
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consumer obtains, for one dollar, ten kilowatt-hours, and as the
incandescent electric lamp of 16 candlepower uses on an average
55 watts, he can, for the expenditure of one dollar, burn the lamp

10—’00-9 = 182 hours.
55

Iluminating gas costs at present in New York 80 cents per
1000 cubic feet, and as a good incandescent gas lamp, of 60
‘candlepower, burns about 3.5 cubic feet of gas per hour, the
consumer obtains, for the expenditure of one dollar,

—1@ = 357 hours.

3.5

Kerosene oil costs at present in New York about 14 cents per
gallon; hence, for one dollar the consumer buys a little over 7
gallons. A good kerosene lamp giving 16 candlepower uses
per hour 0.025 gallons, hence the ‘consumer can burn it for one

doll
otar —7— = 280 hours.
0.025

Summarizing the above, a consumer obtains for one dollar,
with the incandescent lamp,
182 X 16 = 2912 candlepower-hours;
with the kerosene lamp
280 X 16 = 4480 candlepower-hours;
with the incandescent gas lamp
357 X 60 = 21,420 candlepower-hours.

Hence, he obtains the greatest amount of illumination by using
the incandescent gas lamp, and the least by using the incandes-
cent electric lamp.

To put the above in another form: One electric incandescent
lamp costs per hour

55 X 10
000 0.55 cents;
one incandescent gas lamp
3.5 X 80
= 0.2 .
1000 0.28 cents

one kerosene lamp
0.025 X 14 = 0.35 cents;
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hence, the incandescent gas lamp furnishes the highest illumi-
nation for the least expenditure of money. In this calculation it
has been assumed that the life of the mantle, of the carbon fila-
ment in the electric lamp, and of the wick in the oil lamp are
about the same.

In making the above computations, I have followed closely the
statements made in an excellent little German pamphlet, entitled
“No house without gas,” published and widely distributed by
the German Association of Gas Engineers, but the figures and
prices have been adapted to current American conditions.

Another statement, somewhat similar in results, is taken from
(’Connor’s Gas Engineer’s Pocketbook, and is as follows:

The relative costs of lighting with gas flames, oil lamps, and
electric lamps are as 305 for Welsbach burners, 449-589 for
petroleum lamps, and 1954 for electric incandescent lamps, and
according to Prof. D. E. Jones, the number of candlepower-
hours which can be provided at the same cost for different illumi-
nants are:

for wax candles 33 hours;

for stearine candles 77 hours;

for electric incandescent lamp 440 hours;

for coal gas burnt in flat-flame burner 625 hours;

for large petroleum lamp 2250 hours;

for a Welsbach incandescent burner 2300 hours;

for a Welsbach incandescent burner with water gas 4350
hours.

It should be mentioned that in the above comparisons no con-
sideration was given to the latest development of electric lamps,
like the Nernst, Osmium, Tantalum and Tungsten lamps, which,
although from 8 to 10 times more expensive in first cost than
ordinary carbon filament lamps, are much more economical in
the use of electric power (requiring about 1.5 as against 3.5 watts
per candlepower), and which also prove to be more durable and
lasting, some of these lamps having a life of 1000 hours and more.



CHAPTER 1V.

ADVANTAGES OF GAS AS A SOURCE OF HEAT AND POWER.

WHILE gas was at first manufactured and used for illuminating
purposes only, other uses suggested themselves, as soon as the
price of gas was reduced. The greatest stimulus to the use of
gaseous fuel for domestic, industrial and commercial purposes
was, perhaps, given by the development of the abundant, -and
therefore cheap, natural-gas supply. But the use of manu-
factured gas for cooking, heating, and for running engines became
likewise quite popular, largely because of its superior convenience.
The advantages which gas offers for lighting purposes are even to
a higher degree true of the use of gaseous, as compared with solid
or liquid fuel.

One of the greatest advantages of gaseous fuel over coal or
wood lies in the fact that a fire may be started instantly without
previous preparation, and that the fire almost immediately gives
off a high degree of heat, while its intensity may be regulated at
will and stopped entirely in a moment by the mere turning off of
the stop-cock or gas valve. It is for this reason, chiefly, that we
find an ever-increasing use of gas fuel in our homes, in small
workshops, and in large industrial establishments.

It is sometimes asserted that the advantages of gas for cooking
become specially manifest where cooking is done on a large scale.
This may be true; but, on the other hand, it is a fact that gas as
fuel is becoming of the greatest importance in the dwellings of
people of small means.

A gas cooking stove or range is convenient, time- and labor-
saving; it does away with the various manipulations necessary
where coal, wood or peat are used as fuel; there is no periodical
stirring and shaking of the grate, and no refilling of the fire pot,
while less attention is required by the fire. The use of gaseous
fuel means a much greater cleanliness in the kitchen, as there is
no residue from the fire, no ashes, no soot, smoke or dirt, nor does
the chimney flue require cleaning. Very little heat escapes into
the chimney, whereas in a coal range there is not only much heat

16
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lost which passes up the chimney, but the top plate also radiates a
good deal of objectionable heat, and in this respect the use of gas
cooking ranges is much appreciated in summer time, for the
kitchen is thereby kept cooler. There is also no trouble such as
is caused where chimneys smoke or do not draw well.

Add to this the numerous other advantages, for instance, the
well-observed fact that viands cooked by gas are more palatable
and lose less in weight, that roasted meats retain more of the
juice; also the fact that no space is required in the kitchen for
the coal scuttle and the kindling wood, that coal bins are not
wanted in the cellar, that there is no purchase, transportation
and storage of kitchen fuel, and finally that a gas range is ready
at all tvmes, day and night, and requires only the application of a
lighted match to be put at once in full operation. In short, the
use of gas for cooking purposes is becoming more popular from
year to year, and rightfully so.

In view of all that has been said above, it seems quite proper to
ask the question: What are the disadvantages of cooking by gas?
And the only possible reply which can be made is, that it must be
more costly than other methods, because considering the heat
units obtained from coal as compared with those from gas,
gaseous fuel appears to be at a disadvantage.

A ton of coal of average quality and costing $6.25 contains
about

2000 X 12,000 = 24,000,000 heat units,

whereas 7,800 cubic feet of gas, the equivalent in price (gas at
80 cts. per 1,000 cubic feet), yield only

7,800 X 710 = 5,538,000 heat units.

Hence, heat derived from burning gaseous fuel costs at least
five times as much as heat derived from burning a medium
quality of coal.

Nevertheless, cooking by gas is actually cheaper than with coal,
always supposing there is no wasteful burning of gas, because
a gas fire is extinguished quickly, giving off no further heat,
whereas a coal fire must be kept burning until it goes out, even
when no longer required. Much saving can also be effected by
a nice regulation of the cooking burners. In general, it may be
stated, that while in coal ranges only about 10 per cent of the
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heat generated is utilized, the rest passing up the chimney or
heating the kitchen, in gas ranges this percentage is usually
50 per cent or even more. Many experiments, conducted by
gas authorities to ascertain the actual facts, show that with
- proper management cooking by gas s really cheaper than
by coal.

Statistics seem to confirm the growing popularity of gas as a
kitchen fuel, for some gas works report an even larger day than
night consumption, which fact cannot be explained in any other
way than by the increased use of gas in cooking. It is also
pleasant to record the fact that people of small means have, in the
last ten years, become more and more aware of the advantages of
gas, have relinquished their former prejudices that gas for cook-
ing is an expensive method, and are now full of praise for the
economy effected by using gas. Nothing could be more errone-
ous than to suppose that cooking by gas is a luxury to be in-
dulged in only by well-to-do people. There are a_number of
households, in which gas is used and properly managed in the
kitchen twice a day, not only for cooking, but also for boiling
clothes to be washed, heating the laundry irons, and making hot
water for dish washing in gas water heaters, and where the
average monthly gas bill does not exceed $3.00 in the summer
months and $5.00 in the winter months, including the gas for
lighting. Many improvements in the construction of gas
cookers and gas ranges have been made in recent years; the
ovens are better ventilated, and are heated more uniformly,
and better non-luminous burners are used in the top plate,
which can be easily cleaned, and have an adjustable air
supply, thus doing away with the former tendency of burners
to light back.

During the summer months, gaseous fuel may be advantage-
ously used for heating the water required for bathing, ablutions,
and for shaving. Not more than one cent per day is required
to heat enough hot water for dish-washing purposes, by a
gas water-heater supplying a kitchen faucet directly, and enough
hot water can be heated for a bath in about 30 minutes with
a gas consumption of about 7.5 cubic feet, costing only
0.75 cent. The use of such gas water-heaters, is growing in
popularity every year.

In order to arrive at the cost of heating water by city gas, the
Ruud Manufacturing Company, of Pittsburgh, who are makers of
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several types of gas water-heaters, had a special installation made
in a house. The heater used supplied three bathtubs, three
laundry tubs, a kitchen sink and three lavatories. A separate
gas meter was installed on the gas service supplying the gas
water-heater. The gas supplied averaged about 650 B.t.u.
per cubic foot, and cost $1.00 per 1000 cubic feet. The re-
sult of the reading of the meter for a period covering one and
one-half years showed that the average monthly cost of gas to
operate the gas water-heater including the pilot light amounted
to $2.73. This sum appears to be very moderate indeed, and is
explained by the fact that the kitchen boiler was, during the
winter months, heated by the coal range, the gas water-heater
being fitted up so as to act as “supplementary”’ or “re-heating”’
system. It should be mentioned that the pilot light used in the
gas water-heater, used on the average 32 cents worth of gas per
month. There are, on the other hand, some so-called automatic
gas water-heaters, which require the constant burning of a
pilot light, which are not quite so economical, but the smaller
sizes of instantaneous heaters, in which the gas flame is
controlled by a thermostat and cut down automatically to the
smallest possible size, as soon as the water has attained the
maximum required temperature, may be safely recommended
for use.

In the laundries of many public institutions the heating of
irons is economically effected by means of gas; the use of gas is
likewise popular in tailoring and other industrial establishments.
Gas is also used in households, for warming dishes in plate
warmers, for the running of domestic pumping engines, and for
purposes of ventilation to create a positive upward draught in
exhaust flues.

The majority of advantages enumerated for gas used as fuel
in cooking are equally true of the heating of rooms by means of
gas stoves. But in one important respect there is a difference,
because heating by gas, at present rates charged for manu-
factured gas, is somewhat expensive if applied to rooms or apart-
ments which are constantly occupied, and which, therefore,
require gas heating stoves or gas logs to be kept burning for
many hours; in such cases the use of gaseous fuel costs more
than warming by the use of coal or other fuel.

Nevertheless, there are numerous instances where the use of gas
heating stoves is both convenient and comparatively economical,
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for instance in the heating of bathrooms, or of rooms not con-
stantly occupied, as in hotels, where heat is only occasionally
wanted. Here again, the same as in the case of cooking by gas,
the chief superiority lies in the fact that no preparations for heat-
ing are required, that no fuel has to be carried in or ashes taken
out and removed, that the apartments can be quickly heated,
because the heat from the fully turned on burners becomes at
once available, and that the heat can easily be regulated and
quickly turned off, when not wanted any longer.

As an auxiliary heating method, heating by gas is advanta-
geous, for there are days in the fall or spring of the year when one
does not need to put the regular heating apparatus in operation;
gas stoves and gas fireplace heaters are also useful in supplement-
ing the regular steam, hot-water or furnace heat on extremely
cold days, or for very exposed rooms; and, finally, heating by gas
may be of much service in an emergency, for instance, if the coal
supply has become exhausted at the time of a coal miners’ strike,
when coal cannot possibly be obtained at any price.

There are, finally, numerous uses of gaseous fuel in manu-
facturing industries, to which I can refer but very briefly.

Gas is utilized extensively as a source of power in the modern
gas engine, and in many smaller industries and workshops this
form of prime motor competes very successfully with the steam
engine, principally on account of the low operating expenses and
the small amount of attendance required. The smaller machines
do not require the constant employment of a skilled and licensed
engineer, hence are preferred for many purposes, except where the
buildings must be heated by exhaust steam from steam engines.
Gas engines are now made in many sizes, ranging from 0.5 horse-
power to many hundred horsepower. In the last ten years great
improvements have been made in the design and constructive
details of gas engines, and in the simplification and increased
strength of important working parts.

A gas engine consumes, according to size, on an average from
20 to 30 cubic feet of gas per horsepower-hour, at an expendi-
ture of from 1.6 to 2.5 cents, whereas steam engines require from
5t0 10 pounds of coal per horsepower-hour, costing, with coal at
$4 per ton, from 1 to 2 cents per hour, so that the cost of fuel,
per se, is nearly the same. It is stated on good authority that
more than one-tenth of the entire output of gas from gas works
in Germany is used at present for the production of power.
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It may be possible that in the future a still larger utilization of
gaseous fuel may be brought about, if arrangements can be eco-
nomically perfected for conducting cheap fuel gas from the large
coal fields to the principal cities instead of adhering to the present
practice of shipping the coal at expensive freight rates.



CHAPTER V.

THE ARRANGEMENT OF GAS PIPES IN BUILDINGS.

Gas PIPING may be defined as the art, or process, of fitting a
building with pipes intended for gas supply. It designates the
trade, or mechanical labor of cutting, fitting and putting together
the pipes used for the conveyance of gas for lighting, for heating
and cooking, or for power purposes. Gas fitters are skilled work-
men who cut, fit and put up pipes, fittings and fixtures intended
for gas lighting, or for the use of gaseous fuel for heat or power.

In former times, the gas piping of buildings in the United
States was done by a special class of craftsmen or mechanics,
and the gas fitters formed a trade entirely distinct from the
plumbers. Nowadays, however, nearly all the gas piping done
in buildings is carried out by plumbing contractors, though the
journeymen, who do the work, are generally special gas-fitters.
In exceptional instances, parts of the gas piping in houses are
done by mechanics employed by the gas companies. Although
this is a common practice in England and in some parts of the
continent of Europe, it is not usual in the United States, except
possibly in cases where gas companies do odd pieces of piping,
such as may be required for a gas cooking or gas heating stove,
furnished and installed by them.

When a building is to be piped for gas, the first thing todo is to
make a correct layout of the piping on the several floors. This
layout should be based upon the general plans of the architects,
which should show the location of all the outlets required for gas,
whether for light, heat or power. 'In order to determine the sizes
of the gas service, of the risers, of the distributing lines, and of the
branches to these outlets, it is necessary to ascertain at the begin-
ning the number of gas flames required for light, and, where gas is
used for fuel, to ascertain separately the number of gas stoves,
gas ranges, gas logs and gas water-heaters, and to figure up their
total maximum hourly gas consumption. In counting the num-
ber of gas outlets, it is necessary to take into account the number
of burners, which will be required at each outlet.

22
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The term “service pipe” is usually applied to that portion of
the gas-pipe system of a building, which begins at the street
gas-main and ends at the consumer’s gas meter.

The gas service from the street main to the inside of the cellar
is always put in by the gas company, and the custom of gascom-
panies in American cities is not to charge the owner for the fur-
nishing and laying of the service pipe. '

Both the gas service-pipe and the gas meter remain the property
of the gas company, and the latter’s responsibility does not ex-
tend beyond them; in other words, in case of any trouble or
defect in the gas supply of a house, the company looks only after
the gas meter and the service pipe, and keeps both in repair or
attends to the cleaning out of the same in case of stoppages,

-while it devolves upon the house owner to have the house pipes
for the distribution of gas examined and kept in proper condition.
Many gas companies, however, exercise a control over the gas
pipes while they are being put into a building, and in one excep-
tional case, mentioned in Chapter XVI, the gas company issues
and enforces rules regarding the proper manufacture of the gas
fixtures.

The material for the main service-pipes from the street into the
house is either cast- or wrought-iron pipe. Lead pipe is scarcely
ever used for this purpose in the United States.

Cast-iron service pipes, with lead-caulked joints, are used only
in the case of a very large building or a group of buildings, such
as public institutions, which require gas pipes four inches in
diameter and upward.

Large service pipes, up to and including three inches in diam-
eter, are as a rule put in with wrought-iron, screw-jointed pipes,
while for smaller services both lead and wrought iron are em-
ployed. Usually, wrought-iron, screw-jointed service pipe is
preferred to lead, at least in the United States, probably because
the lead pipe is liable to sag in the trench, unless well supported,
and thus dips or traps are caused in the pipe, which may accumu-
late water of condensation, and thereby cause the flickering of the
light, or may even cause the gas to cease flowing.

In the use of wrought-iron pipes, however, certain precautions
should be observed for the protection of the pipe against cor-
rosion. The pipes should be laid in trenches with a firm bottom,
and their outside should be coated with asphalt or coal-tar pitch,
particularly where they are laid in soils containing acid or alka-
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line residues, or in soils mixed with ashes, cinders, furnace slag or
chemical refuse, all of which have a tendency to cause a quick
destruction of the pipe by corrosion.

Gas service-pipes should always be laid with a good pitch,
either toward the street main or toward the house, and depres-
sions or low places in the pipe should be avoided, so that no con-
densed tarry vapor will remain in this portion of the pipe. It is
equally necessary that such pipes be protected against frost, by
laying them at a proper depth in the ground. Where gas service-
pipes are necessarily exposed to the outer air, as sometimes does
happen in crossing basement areas, they should be thoroughly
wrapped with some non-conducting material such as is applied to
steam pipes to prevent loss of heat. In addition to this, it is
advisable to fasten over the pipe a slanting board, to prevent
snow and ice from lodging on the pipe.

In laying gas service-pipes it is always advisable to place on
the line a shut-off, operated by a long key from a box in the side-
walk near the curb, to control the gas supply to each house from
the outside. While the shut-off is not a necessity in the case of
private dwelling houses, it is required by all good building laws in
the case of theaters, churches and all public buildings, and to this
should be added schoolhouses, colleges, hospitals and asylums
of all kinds, and workshops, factories, warehouses and large
manufacturing establishments, all of which require large gas
service-pipes. In case of a fire in any of these buildings it is
important to have means to cut off the supply of gas from the
outside. It is preferable to place this valve on the sidewalk near
the curb, where it remains more accessible than when located in
the pavement of the roadway.

All gas shut-offs on service pipes should be of the full diameter
of the pipe, and of such construction that when full open they
will not reduce the available inside diameter of the gas pipe; in
other words, either gate valves or round-way stopcocks of steam
metal should be used in preference to globe valves or to ordinary
stopcocks.

The size of the service pipe is governed by the number of gas
outlets to be supplied, or, what is the same thing, by the estimated
total maximum hourly consumption of gas. In ascertaining
this, the mistake should not be made of counting the number of
gas outlets in the rooms, halls and staircases, but the exact num-
ber of burners to each outlet should be designated on the plans,
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and the size of pipe should be in proportion to the number of
gas burners, a suitable allowance being made in addition for fire-
place gas logs, cooking gas stoves, ventilating gas jets, supply
to domestic gas motors, etc.

The rule should be laid down that no service pipe, even for the
smallest house, should be less than one inch inside diameter, and
it is, at this day, the practice of most gas companies to run noth-
ing less than 1l-inch gas services, and 1% inches would be even
better. While these sizes are slightly larger than called for by
the requirements of small dwellings, they will prove more satis-
factory in the end, as larger services are not so liable to stoppages
by naphthaline, while their cost is only a trifle more. It should
also be borne in mind that large supply or service pipes act, to
some extent, as governors in reducing the influence of a sudden
closing of a number of burners. Besides, it often happens that
additions are subsequently built to a house, or to a factory, and
the gas service-pipes in such buildings often become insufficient
and inadequate for the service which they have to perform, unless
allowance has been made in the beginning for a possible increase
in the number of burners. Larger buildings require service
pipes from 2 to 4 inches in diameter.

The sizes of gas service-pipes may be computed from formulas
for the flow of gas, which will be referred to later on, or they may
be readily found in the elaborate and complete tables calculated
from such formulas, a number of which are given hereafter.
It is well to remember that where water gas or naphtha gas is
used (the latter in gasoline gas or air machines for country
houses) the sizes of pipes should be increased 15 to 20 per cent
over those required for coal gas.

The following condensed table of sizes of service pipes answers

for all practical purposes: .
Burners. Size ot Service

Pipe.
Inches.

For 1to 15 1
16 to 25 1.25
26 to 60 1.50

60 to 100 2
101 to 170 2.50

171 to 250 3
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The material used almost universally for gas pipes within the
building is standard welded wrought-iron gas pipe. A great
deal of steel pipe is nowadays sold in the market, but this is much
more brittle, and the threads do not cut so readily or so evenly on
this kind of pipe. It is, therefore, always preferable to specify or
to order “genuine’’ wrought-iron pipe. In some of the better
class of work galvanized-iron pipe is used to prevent rust accu-
mulations on the inside of the pipe. '

Lead, tin and composition pipes are used to some extent in
European cities, and chiefly in England, at least for the smaller
sizes. The advantages of such pipes are, that owing to their
greater interior smoothness they offer less resistance to the flow
of gas, and that they do not corrode, but it is dangerous to run
them in concealed places, for nails may accidentally be driven
into them causing leaks. Bends in such pipes must be made with
great care, otherwise the area of the pipe may be contracted.

Copper pipes are not recommended for gas piping, for it is said
that a chemical compound of copper and acetylene may form as
an incrustation in the pipes, where the gas supplied is insuf-
ficiently purified, and this compound may give rise to explosions.

Iron gas pipes are first cut to measure from the layout made by
the gas-fitter; the ends are then threaded by means of sharp dies
with standard threads. The burr due to the cutting must be
carefully removed, and the pipe ends reamed out, since it tends
to reduce the area of the pipe. The precaution is particularly
important for smaller sizes of pipes.

The pipes are put together with screw joints and red lead.
Fittings, such as sockets, elbows, bends, tees, crosses and re-
ducers, are used for the running of branches, for making changes
in direction, for providing the outlets for the fixtures, etc. The
better and stronger fittings are malleable-iron fittings with beads
or shoulders, but for sizes above two inches in diameter cast-iron
fittings are used. Black fittings often have sandholes, and for
this reason it is advisable to use nothing but galvanized fittings.
In screwing up the pipe and the fittings, the joints should be
made entirely gas-tight without using any lubricant other than
oil, or possibly some red lead. Threads which permit the pipe to
screw up to the shoulder of the fitting, while the joint is still loose,
should be avoided. Red lead should be used sparingly so that it
may not become squeezed into the inside of the pipe where it
would cause an obstruction to the flow of gas, and a reduction in
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the clear bore of the pipe. Where it is used at all, it should be
put on the pipe threads and not into the fittings. Before putting
pipes together, they should be blown into and examined for
obstructions, and it is a good practice to tap the pipe with a
hammer to cause any rust flakes to fall off.

The practice, which was formerly quite a common one amongst
gas-fitters, of making the joints tight by using gas-fitters’ cement
cannot be approved, for such cement is liable to crack and break
off when cold; it may also become softened by the action of the
gas, and if in the vicinity of steam or hot-air pipes, it is liable
to melt. It is a good practice to prohibit entirely the use of
gas-fitters’ cement. Careless or unscrupulous mechanics often
apply such cement, not only to leaky joints, but also to fittings
having small sandholes. Where defective fittings are encoun-
tered, the only right thing to do is to reject the imperfect fit-
tings and to use only those which are perfect.

Equally bad is the practice of filling up the gas pipes with
water, or other liquid, or with diluted muriatic acid, to induce
rusting up of the joints to make the piping tight. This prac-
tice, which generally leads to subsequent troubles, owing to
the stopping up of the pipes with rust, should be forbidden,
in view of the fact that there is always in old houses considerable
accumulation of rust in pipe systems, even where the pipes have
not been so treated.

Where iron gas pipes are bedded in cinder floor-fillings they
should be painted on the outside with some protective coating to
prevent corrosion from the outside.

Risers should be controlled by round-way stopcocks or soft-
seat globe-valves, placed at the foot of the line, generally at the
cellar ceiling. .

When a gas-piping system is completed, its tightness should be
tested by means of a force pump and a mercury gauge. The use
of pressure or spring gauges is to be deprecated as they are hardly
reliable for such low pressures as are applied in the testing of
gas-piping systems. '

Where good materials are used and put together by competent
workmen, there is no difficulty whatever in getting the pipe
system sufficiently tight to withstand a test equal to a pressure
of 18 inches of mercury in the glass tube, equivalent to approxi-
mately 9 pounds pressure to the square inch. Should the mer-
cury in the gauge drop, it is a sure indication that there are leaks
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somewhere. Such leaks are generally found by introducing
some sulphuric ether into the pipes, or else by applying soapsuds
with a brush to the outside of the joints and fittings, and waiting
for the appearance of soap bubbles. Split pipes or defective
fittings should be at once removed when discovered by the test.
(See the Chapter on the Testing of Gas Pipes.)

Branches to side-wall burners are generally made 0.375 inch
in diameter, and branches for chandeliers 0.5 inch. In the
best practice no gas pipes smaller than 0.5 inch are used, and
these are reduced at the outlet for the side-wall burners to 0.375
inch; in the same way the pipes for center lamps or chandeliers
with more than four burners are made 0.75 inch in diameter.
In Dresden, a municipal rule prescribes that all gas pipes which
are not carried exposed should be not less than 0.75 inch.
The rule is a good one, and might, with advantage, be adopted
in the American gas-piping practices.

In laying out the system of main distributing pipes and
branches to outlets, the endeavor should be to get an equal
supply of gas, to arrange the distribution in a systematic man-
ner and, wherever practical, to provide a circulation system,
the advantages of which are particularly noticeable in larger
buildings.

The greater the specific gravity of the gas, and the rougher the
inside of pipes, the larger should they be. Gas-fitters are gener-
ally governed by some kind of table of pipe sizes, and in using
these, it is well to bear in mind a possible future increase in the
number of outlets. It is always advisable to be on the safe side,
as a larger caliber of pipe is never an objection, but may be, at a
future time, a decided benefit. In former years the gas com-
panies used to give much more attention to this matter than at
present, and each company had its own rules and regulations and
tables of sizes, but only a few companies publish such tables at
the present time. Some of these will be given in full further on.
(See Chapter VII.)

Table I, on page 29, is a useful one for correctly proportioning
the sizes of risers, distributing lines, and branches.

il
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TABLE 1.
Diameter of Length of Pipe in Yards.

Pipe in

Inches. 20 30 40 50 60 70 80 9 | 100
0.50 7 6 5 4 4 4 3 3 3
0.75 17 14 12 10 10 9 8 8 7
1.00 32 26 22 20 18 17 16 15 14
1.25 52 43 37 33 30 28 26 25 23
1.50 79 64 56 50 45 42 39 37 35
2.00 150 123 106 95, 87 80 .75 71 67

L Number of Burners

It is advisable to run several vertical gas-risers, in order to
shorten the horizontal gas distribution. The main gas-risers
should, if practicable, be kept accessible, or even exposed, in
minor closets.

All gas pipes should be run with a continuous fall of at least
1 inch in 100 feet toward the gas meter, and the greatest care is
necessary to insure that the entire gas-piping system is free from
any low places or sags, where water or vapor of condensation
may accumulate, for this interferes with the free flow of gas and
causes the annoying ““jumping” of the light.

Branches from running lines to ceiling outlets should not be
taken directly from the bottom of a running line, because any
water of condensation will run into the fixture and give trouble;
it is much better practice to start these branches from the side or
top of the running lines. In the same way, it is better to run
bracket outlets up from below, which can be done on all floors,
except the lowest floor of the building.

No gas pipes should be run through flues, nor should they be
placed under hearthstones.

Where right-angled turns in horizontal piping are made, it is
advisable to use plugged tees instead of elbows, as these fittings
can be utilized in making changes or additions. The floor boards
over such places should be fastened down with brass screws.

All outlets should be well strapped and fastened; all drop
fixtures as well as the nipples for side-wall fixtures should be
perfectly plumb or at right angles to the surface, from which
they project. The nipples should be cut off the exact length for
putting on the gas fixtures.

In order to measure the amount of gas consumed in buildings,
gas companies furnish to their customers, and set, generally free
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of charge, a gas meter or instrument measuring the consumption
of gas. The general construction and accuracy of these will be
referred to in a later chapter. (See Chapter XVIL.) It is usual
to fit up the gas meter in a cool place in the cellar. The location
of the meter should be such that the index of the same can be
readily read by the gas companies’ inspector. Where much gas
is used for fuel purposes, in cooking or heating, and also where
gaseous fuel is sold at a lesser price than gas for lighting purposes,
many gas companies furnish and set a second meter, which regis-
ters the consumption for cooking, etc., separately from that for
lighting a building.

In the best practice separate gas-service lines are run to all
places where gas is to be consumed for either heating or cooking,
and such branches are never taken from the nearest line which
supplies gas for lighting.

A badly executed gas-lighting system is often one of the great-
est troubles a house owner has to contend with; it leads to con-
stant annoyances, and may cause injurious leaks and sometimes
dangerous gas explosions. Gas piping costs but a very. small
fraction of the total cost of a building, hence it is advisable to
have it done only by thoroughly competent and honest con-
tractors.

In dwelling houses erected by speculative builders this work is
usually done very badly. The lowest-priced gas-fitter is chosen;
no specification is given for the work, and the fitter seldom takes
the interest in his work which the importance of the subject
requires. Being chiefly concerned with completing his contract
as cheaply as possible, without regard to safety and efficiency, he
buys pipes and fittings of inferior quality, and of insufficient size,
employs mechanics without intelligence, experience or integrity,
and compels them to do their work in a hurry, to use as little
material as possible, while they in turn pay no attention to the
proper laying, supporting and jointing of the pipes.

When the piping is completed the enterprising builder goes to
the cheapest gas-fixture store, buys ill-constructed fixtures with
inadequate tubing and inferior burners, and has these put up in
a hurry. The buyer or occupant of the house soon encounters
endless annoyances, resulting from the insufficient size of the gas
pipes, from insufficient or careless support of pipes, from leaky
joints, split pipes or fittings with sandholes. The gas will burn
badly, the flames will jump, and there will be numerous leaks of
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gas. It isa matter of common occurrence that in such houses the
piping has to be entirely reconstructed to get proper illumination,
and to get rid of the gas leaks which endanger the health of the
occupants and threaten gas explosions.

The following editorial is taken from Butlding:

* Installation of Gas Pipes.”

“If there is any one appliance more than another that is left to
the discretion of the mechanic, it is the gas-fitting. Much time
and care may be taken in selecting the fittings and choosing
artistic brackets or chandeliers, but little thought is apt to be
given to the general system of the mains, or the layout of the
pipes. We have learned to study our plumbing and drainage
carefully, but further than seeing that the pipes do not leak, there
is little attention paid to the gas piping.

“In a lengthy letter to the Boston Transcript, Mr. J. Lyman
Faxon, a well-known Boston architect, calls special attention to
the danger from gas fixtures. Among all the appiiances that
enter into the complex make-up of the modern house, there is
nothing, perhaps, that invites more danger and is attended with
so many fatal accidents as gas. Every paper we pick up notes
some case of asphyxiation from gas, involving the lives often of
several individuals in a single casualty. These fatalities, due to
asphyxiation, says Mr. Faxon,

‘are directly attributable to two causes: (1) improper and unscientific
installation of gas-pipe systems, resulting in inequality of pressure and
distribution, and (2) to the carelessness of people in turning down the
gas. In my judgment, he says, comparatively few cases of fatality are
due to ignorant people blowing out the gas flame.’

‘“ After explaining the nature of gas, its volatile character, he
states that,

the natural flow or direction of gas in pipes, when under pressure or
free from obstructions, is upward and toward the freest combustion; it
can be forced, by pressure, through down pipes, but if the pressure is
unequal by reason of imperfectly disposed piping or by larger consump-
tion at other points, its flow will be towards those parts of the system
which are under greatest pressure or freest consumption. It is, there-
fore, of greatest consequence that the pressure in any system of pipes
shall be equal and constant at all points. The pressure in vertical pipes
increases about ten per cent for every thirty feet of rise, and a relaxa-
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tion of pressure of about five per cent for every thirty feet down, so that
the difference in pressure between two burners sixty feet apart, verti-
cally, will be about fifteen per cent of the initial or normal pressure,
which accounts for the extinguishing of the gas flame when turned down
low; indeed, I have observed flames at full cock which could hardly hold
their own against the air for lack of pressure in the system.’

“ He condemns the present system of gas piping as being radi-
cally wrong, entirely inadequate, and dangerous As may be
inferred from the above, the pressure in the upper rooms of a
bu1ldmg is much greater than in the lower, and a burner turned
down in a lower room would easily blow out, where, under the
pressure of gas in the upper rooms, it would hold its light. The
present, system is to take the main from the meter for the whole
house to some central point in the basement, thence running a
central riser to the top of building and then tapping this at each
floor for its supply, carrying a branch pipe

¢ with tap circuits or feeders to the ceiling and wall fixtures to the story
below, all ending in dead ends and rarely any subdivision of the system
into individual circuits, and generally the outlet taps are taken off the
bottom of all horizontal lines of piping, instead of off the side or top of
the pipe, thus causing all such taps and the appended fixtures to con-
stitute receptacles for impure condensation instead of providing for the
return of condensation to the base, and further, with no provision what-
ever for equality of pressure throughout the entire system.

“ In illustrating the effect of this system, Mr. Faxon states the
following hypothetical case, and one which is hkely to occur in
any building of three or more stories:

‘ For instance, time ten o’clock p.M., room on a lower floor. Occupant
‘goes to bed, or ill and sleeping. Gas flame turned down to one quarter
candlepower, windows and door closed, no ventilation. Twelve o’clock
or later, party returns from theater with friends to room in top story,
turns on all burners to full cock— Presto! Flame in lower room extin-
guished by indrawing of the flame into the pipe, caused by the excessive
use of gas in upper rooms. In a few moments the draught is relieved
ond gas is ejected into the lower room through the open burner, and the
occupant is asphyxiated in three or four hours, if the accident is not
discovered.’

“This illustration explains many fatalities that have occurred
from escaping gas, and shows the need of remodeling our present
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methods of gas piping. The following is Mr. Faxon’s suggestion
for piping a building:

‘The proper system for installing gas pipes is as follows: (1) Each
and every separate story or apartment in a house, hotel, office building
or other, liable at any time to contain a sleeping occupant, should have
its individual circuit from the base or initial circuit. (2) All gas heaters
and gas stoves should have separate circuits from the initial source.
(3) All corridor, hall, and vestibule outlets should have equalizing pres-
sure pipes, making complete circuits throughout individual systems
from individual sources, up, around and back to initial source. I have
found in practice that the sizes of such equalizing pressure pipes need to
be about five-eighths the size of the main supply circuits, and that
proper installation costs 20 to 25 per cent more than under the old sys-
tem. (5) The individual main circuit supply pipes should be taken off
a properly calculated header or drum, and each circuit cut off by a suit-

able valve at the header. Thence the individual circuit should be run.

to a center of distribution of branch and tap circuits. All vertical pipes
should be run up and not down, and all off-takes should be at the top or
side of pipes, and in no case off the bottom. All piping should pitch
toward the initial source for drip of condensation. The main circuit or
supply pipe should be continued throughout and around the entire
individual system, and returned from the farthest point to and connect
with the base or initial circuit pipe. This is of the utmost importance.’

“The frequent accidents from asphyxiation from gas emphasize
the necessity for special attention to this matter, and for the
remodeling of our laws in this respect. The necessity for equali-
zation of pressure in upper and lower stories is apparent, and
this could, without doubt, be secured by such measures as sug-
gested. With this provision no such accident as the case in-
stanced by Mr. Faxon could occur. A remodeling of the laws
for gas installation is evidently as much needed as are plumbing
regulations.”

In the Engineering Record, of September 22, 1894, appeared
a lengthy editorial on this subject, and its importance must be
my excuse for reprinting it here in full:

“Gas Piping for Buildings.”

* There are few features of modern building construction which
do not receive thorough treatment when the design is fortunate
enough to fall into the hands of competent engineers and archi-
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tects, and yet there is one very important portion of the struc-
tural outfit, so to speak, of a building, which up to the present
time receives no intelligent consideration whatever, except in
very rare cases. We refer to the gas piping of buildings of all
classes. The gas companies have made practically all possible
advances in processes of manufacture and distribution, and
while there may be unfairness in some exceptional instances,
in the main the gas consumers have largely reaped the benefit of
the resulting economies.

“Municipal building regulations have generally prescribed fairly
wise and reasonable general rules under which buildings and their
various structural appointments are to be constructed, but on
the question of running gas lines for proper distribution within
the buildings they have been essentially silent. Architects also
virtually have turned over to gas-fitters, as a general statement,
the whole question of fitting the buildings which come under their
design and supervision. What ought to be everybody’s business
seems to have been nobody’s business, and consequently there
probably has never been any portion of the construction and
fitting of a building which has exhibited more ignorance and gross
blundering than the general run of the gas-pipe plans of many
structures now standing, and that is saying a great deal. Asis
almost or quite the invariable result in such matters the pur-
chaser and the consumer are the principal sufferers. It certainly
is not creditable to the architect or engineer thus to fail to
properly specify, or generally to specify at all, for so important a
part of his work, and no municipal regulation can be considered
as complete, either in its form or operation, unless it suitably
covers a class of work which so immediately affects the comfort
and health of almost every human being and the welfare of every
business within its corporate limits. It is the legitimate desire,
of course, of the gas-fitter to reduce the total cost of his work to
a minimum for his client and he gets his work as the lowest bidder;
hence the result is all but a universal decrease of size of pipesin a
building far below those which ought to exist for a proper supply
at the points of actual consumption. Besides, a lack of proper
knowledge of design causes a very general and sometimes an
utterly absurd disproportion between the main and running lines
and branches, which results, in connection with the fundamental
difficulties of small pipes, in excessive complaints from users in
many instances, and in costly and inefficient, if usually unnoticed,
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illumination or heating, and very costly alterations and additions
to the piping in the modern fireproof building.

“Indeed it cannot be expected that gas-fitting will be done
carefully and efficiently or with materials and workmanship of
excellent quality unless, like other branches of mechanical work,
it is done under intelligent specifications, faithfully executed.

“It is true that there have been a few very creditable efforts
to remedy this state of things, but they may be said almost to be
included in the excellent little work by William Paul Gerhard,!
and perhaps the unduly short printed regulations of one or two
gas companies in the country, and they have not produced any
apparent improvement in the general situation.

‘“Since the advent of high buildings with fireproof floors, and
the demand for gas for cooking and heating has arisen, the embar-
rassment due to the causes cited has been more pronounced.
In view, therefore, of the interests involved, the Engineering
Record, in pursuance of its policy to elevate and advance all
branches of building construction, submits to architects and engi-
neers, as well as municipal authorities, a general system of speci-
fications and rules under which buildings may be fitted with gas
pipes so as to produce the greatest excellence in design and the
most efficient and economical use of gas. After a very thorough
examination of the whole question, and after many conferences
with large firms of gas-fitters, engineers of gas works, and others
directly interested in the attainment of the desired end, the
specifications, tables, and rules, which we print in another column,
have been prepared. These regulations have been made essen-
tially to agree with the few best efforts which have already been
made for the same purpose; they involve no conditions incon-
sistent with the best interests of gas consumers, gas producers, or
gas-fitters, but they have been based upon such reasonable con-
ditions as will secure in all respects the best practice to all those
departments of gas interests. The tables showing the sizes
required for the prescribed number of burners, logs, heaters, and
ranges are based upon a very careful and thorough investigation,
both analytical and experimental, in regard to the flow of gas
through the pipes of the maximum lengths indicated. The
resulting sizes are in some cases a little larger than hitherto pre-
seribed, while in other cases they are not; but in all cases they
will insure the free flow of the necessary volume of gas, and thus

14 Gas Lighting and Gas Fitting.”” Third edition,
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entirely avoid the annoyances and loss due to too small
pipes. The slight increase of cost of piping from this source is
too small to be appreciable in the total cost of any building
whatever.

“Should it be desired by architects or engineers, these general
regulations can be easily supplemented by other clauses or para-
graphs designed to cover special cases or details which it would
not be proper or suitable to recognize in the concise regulations
designed to meet the purposes of those which we print. We
commend these specifications to the most careful and favorable
consideration of architects, gas companies, and the building
departments of cities. They have been carefully and rationally
designed to fill a gap in building specifications and general regu-
lations which has been the cause of most serious and widespread
annoyance and loss.”

‘ Essential Requirements for the Gas Piping of Buildings.”
(From the Engineering Record).

‘““ As the result of a special investigation the following tables
and recommendations are submitted as the basis for proper speci-
fications for the gas piping of buildings to meet the demands
of modern requirements for lighting, heating, cooking, and man-
ufacturing:

TABLE 1II.

SIZES OF GAS PIPES, MAXIMUM LENGTHS AND MAXIMUM
NUMBER OF BURNERS (AT 6 CUBIC FEET EACH).

Diameter Maximum lltliz’r(ri[l:le:[:f
of Pipe. Length. Lights.
Inches. Feet.
20 2
% 30 3
3 40 6
1 60 10
14 70 15
13 100 30
2 150 60
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TABLE III.
SIZES OF GAS PIPES FOR GAS LOGS AND COOKING RANGES.

l()):ag;t:r MI?;;':m Gas Required for —
Ipches. Feet.
100 1 cooking burner or 1 gas log.
3} 100 2 cooking burners or 2 gas logs.
1 100 Gas cooking stove with 4 burners or 4 gas logs.
1} 100 Larger gas ranges or 7 gas logs.

Gas logs and burners of cooking ranges are assumed to have a consump-
tion not exceeding 35 cubic feet per hour. For a larger consumption
increase the size of pipe supplying log or range.

General Requirements.

1. All lines of piping throughout the building, except drops,
must be laid with grade so as to drip or drain back into the
risers, with no depressions to hold condensation. Drips with
drip pipes where needed must be provided at meters and at
such other points as the plan of piping may render necessary.

2. No riser must be less than three-fourths inch in diameter in
any case, and all risers must be covered up on inside partitions so
as to be thoroughly protected from freezing. Wherever risers or
other pipes cannot be guarded in this manner, they shall be pro-
tected from frost by special and effective coverings.

3. Wherever practicable all piping shall be exposed, but piping
that must be concealed shall first be thoroughly inspected by the
gas company, and the gas-fitter shall give due notice when the
piping is ready for inspection. Unexposed piping must be so
concealed as to be readily accessible in case of examination or
repairs. Wherever practicable, as in floors, the concealment
shall be made by boards over the pipes, secured by brass or other
NoN-corrosive screws.

4. In cases where extensions are made, care must be taken to
extend with such sizes that the rules already prescribed shall be
maintained. .

5. All drop pipes must be left perfectly plumb and well secured
in that position.

6. Long runs of piping must be firmly supported at frequent
intervals so that no sagging nor depressions can occur in which
condensation can collect.
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7. If pipes run across wooden beams or joists the requisite
cutting, notching, or boring shall never be more than 2 inches in
depth nor more than 3 feet from bearings, and as near the latter
as possible.

8. Lines of piping shall not be placed under tiled or parquet
floors, marble or other stone or metal platforms, or under hearth
stones, unless the local conditions render such procedures impera-
tively necessary.

9. All pipes shall be of the best quality of wrought-iron welded
gas pipe, and all fittings, including couplings, elbows, bends, tees,
crosses, reducers, etc., under 2 inches diameter, shall be extra
heavy malleable fittings; those of larger diameter may be of cast
iron. These pipes and fittings may be plain, galvanized, or made
non-corrosive by any effective method.

10. Pipes and fittings are to be put together with screw joints
and red lead, or red and white lead mixed, with joints made per-
fectly gas-tight.

11. All pipes shall be firmly and safely secured in position
with hooks, wrought-iron straps, or hold-fasts, secured with
screws at close intervals, so that continued use in proper line and
grade may be effectively secured.

12. Meters shall be placed where they will be most conven-
iently accessible for reading the index and for examination and
repairs, and when placed on the walls the minimum height above
floors shall be 2 feet for the bottom of the smallest meters, and
the maximum height shall be 8 feet for the top of the largest
meters. The sizes of connections shall be as follows: ’

TABLE 1V.
3-light 4 inch diameter 60-light 2 inch diameter
5-light 4 inch diameter 100-light 2 inch diameter.
10-light 1} inch diameter 150-light 2% inch diameter
20-light 1} inch diameter 200-light 24 inch diameter
30-light 11 inch diameter 250-light 3 inch diameter
45-light 1% inch diameter 300-light 4 inch diameter

13. The completed piping shall be tested by some competent
authority, who shall give a written certificate of the results
before any of it is covered at any point. All outlets shall be
tightly capped and the whole system shall be tested preferably
with & mercury gauge, or by a low-pressure spring gauge which
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has been recently and authoritatively tested by a mercury
column. When air is pumped into a completed system of pipes
until the pressure reaches 12 inches of mercury and stands or
remains stationary for five minutes, or if the column of mercury
does not fall more than 1 inch per hour, the system may be con-
sidered satisfactorily tight. Otherwise leaks must be sought -
and stopped and the testing repeated until the preceding
requirements are satisfied. While extensions to completed
systems are made the same tests shall be applied to the ex-
tensions before they are put in use. In the case of large build-
ings the entire system may be tested in suitable sections.”

I will close this chapter by giving a brief summary of points
which building superintendents should bear in mind when the
building is being piped for gas:

Summary of Chief Points to be Observed in Piping Butldings
for Gas.

1. The layout of the pipe system to be arranged in ample and propor-
tionate sizes according to the table of sizes of gas pipes for lamps, gas
logs, gas cooking ranges, and for gas engines.

2. All gas pipes to run to fixture outlets as directly as possible. All
pipes to be graded to get proper drainage back to the rising lines. No
depression to exist in the running lines. All accumulation of condensa-
tion to be avoided. Drip pipes or emptying siphons to be put in wherever
needed. .

3. No gas riser to be less than 0.75 inch. All risers to be protected
against cold and preferably to be placed on inside partitions. The use of
several risers, and the shortening of horizontal distribution lines is recom-
mended to avoid excessive cutting of timbers.

4. All large gas risers and distributing lines to be kept exposed wher-
ever possible, or to be arranged so that they can be reached when future
repairs or additions become necessary, without entailing damage to walls
or floors. Smaller gas pipes, when to be concealed, to be first inspected
and tested. All concealed pipes in floors to be rendered accessible by
boasds secured by brass screws.

5. All side outlets to be fed by risers rather than drop pipes where it
is possible to do so.

6. Additions and extensions to the gas piping of a building to be
governed as regards sizes and number of burners by the table.

7. All long horizontal runs of piping to be firmly supported.

8. Joists to be cut or notched not more than two inches in depth, nor
more than two feet from bearing walls,
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9. No gas piping to be placed under tile or parquet floors, marble,
stone or metal platforms, or hearth stones.

10. The gas pipes to be of welded wrought-iron. The fittings under
two inches to be extra-heavy beaded malleable-iron fittings, to be plain,
galvanized, or otherwise made non-corrosive. Fittings larger than two
inches to be of cast iron.

11. The joints in the piping to be screwjoints, to be made perfectly
gas-tight. Red and white lead mixed to be used as a lubricant for the
threads.

12. All gas pipes to be held securely in position by wrought-iron straps,
hooks, hold-fasts, and screws.

13. Gas meters to be placed in accessible positions for the sake of the
reading of the meter, but so as to be protected from injury. Gas meter
connections to be of iron pipe; no lead connections to be used.

14. The gas-piping system, when completed, to be tested. All outletsto
be tightly capped, and the whole piping to be tested by mercury gauge
and air pump, the testing pressure to be from 12 to 18 inches of mer-
cury (6 to 9 pounds per square inch); the gauge not to fall more than
0.25 inch per hour. All leaks to be sought and to be repaired and the
test to be repeated. All extensions to be tested in the same way. All
. larger buildings to be tested in sections.




CHAPTER VL

SPECIFICATION FOR GAS PIPING FOR COAL OR WATER GAS.a

In piping a building for gas, it makes some difference whether
the gas supplied is manufactured water or coal gas, or whether
it is natural gas, machine-made air gas, or finally acetylene gas.

In this chapter I give a specification prepared by me and
suitable for manufactured city gas. In later chapters special
specifications and rules are given governing the piping where
other kinds of gas are intended to be used.

GAS-PIPING SPECIFICATION.

Gas Service. — To be of wrought-iron pipe, of ample size; to be run
into the building with pitch back to street main, where possible; or else
to be provided with siphon, or drip pipe and emptying plug, where service
must necessarily be graded toward the house.

Gas service to be protected from frost wherever necessarily exposed.

Gas Meter. — To be preferably a dry gas meter; to be of ample size; all
connections to be preferably of wrought-iron pipe and tube of full bore.

Fittings to be beaded malleable-iron fittings. No lead meter connec-
tions to be used.

Meter to be set in a cool, ventilated, well-lighted place, easy of access,
but protected from accidental injury.

House Gas Pipes. — To be of a good quality of welded wrought-iron
pipe, preferably galvanized.

Steel pipe, being somewhat brittle, is not so good ; lead gas pipes should
not be permitted.

Cast-iron pipe is sometimes used for services larger than 2.5 or 3 inches
in diameter.

All pipe to be examined and blown into, before being used, to guard
against obstructions.

Pipe Fittings. — To be of malleable iron, preferably beaded fittings;
fittings to be selected and examined for sandholes; galvanized fittings to
be preferred.

In making turns or bends, use fittings in preference to bending the pipe.

Joints. — To be screw joints. Use red and white lead mixed, or boiled
linseed oil in joints.

Use precaution not to get any lead on the inside of joints,

41
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No gas-fitters’ cement to be used on joints under any circumstances.

The practice of rusting up the pipes by filling the gas pipes with water
is bad, and should be prohibited.

Unions should be avoided, particularly in concealed gas piping; if re-
quired, use ground-joint union fittings.

No washer joints should be permitted.

All joints must be made absolutely tight.

%= Shut-Offs. — Use the best quality heavy brass work; round-way
ground-key lever cocks are preferable to valves, as they indicate at once
by position of lever, whether the pipe line is open or shut.

Valves, if used, should be soft-seat brass valves.

Iron valves are not to be permitted, as they quickly corrode from the
action of the gas.

Hooks, Straps, and Clips. — All pipes to be well fastened by hooks,
straps, or clips of wrought iron — not of cast iron.

Use screws for fastening pipe hold-fasts.

No bent nails or common hooks should be used to hold gas pipes in
position.

Cutting of Floor Joists. — This should never be done by the gas-fitter.

The carpenter to do all the cutting, and beams should not be notched,
bored, or cut more than two inches in depth, and never farther away
from wall or bearing, supporting the beams, than two feet.

Sizes of House Pipes. — No pipe to be less than three-eighths inch; it is
better to make 0.5 inch the minimum size. ¢

In determining sizes of pipes, follow Table II for sizes of house pipes
for gas lighting (see page 36), and Table III (see page 37) for sizes of gas
pipes for gas ranges and gas logs.

Make all piping ample in size.

Arrangement of Gas Piping. — No risers to be placed in outside walls.

No riser to be less than 0.75 inch.

A number of separate risers is desirable; these should be connected at
the top, for a better circulation of the gas, and also to avoid undue varia-
tion in the gas pressure.

Another method of accomplishing this is to have separate risers for each
floor.

For gas logs in fireplaces, run entirely separate risers, one for each
group of vertical fireplaces.

Provide a separate riser for the gas cooking range in the kitchen.

Provide a separate riser for the gas water-heater, also for the gas laundry-
irons.

A separate meter for gas, used in cooking or heating is desirable.

Larger risers to be kept exposed in closets; smaller pipes to be tested
before being covered up or plastered over.

Running lines in floors to be kept accessible by floor boards, secured
with brass screws instead of nails.
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Run all branches for side or wall fixtures up from below, and do not
drop them from above (except in the cellar).

Place no running gas lines under tiled floors or hearths.

Run no gas pipes through flues.

Supply drop fixtures from branches, taken off from side or top of run-
ning lines; never drop the branch from the bottom of & line.

All horizontal gas pipes to be run with sufficient fall back to the riser;
the horizontal run at cellar ceilings to have a fall toward the gas meter.

All long horizontal runs between floor beams to be well supported to
avoid sagging and traps. )

Avoid all condensation of gas in pockets or depressions.

Keep gas pipes and risers away from pipes or flues of the heating
apparatus.

Gas Outlets. — Place no gas outlets behind doors or too near window
trims or curtains.

Place outlets for side-wall fixtures at proper height, and center fixtures
in the exact center of the room.

At completion of gas piping, check off all outlets from plans.

Make all nipples and drops plumb, and of proper length for the fixtures.

Test of Gas-Pipe System. — The entire gas piping, when completed,
and before plastering is begun, to be tested by a gas-fitter with an air
pump and a mercury gauge (22 inches long) ; spring gauges are not reliable.

Test the pipe system under a pressure equivalent to a column of mercury
-in gauge, 18 inches high (9 pounds pressure).

The mercury in the gauge must stand one hour without indicating a
greater fall than 0.25 inch per hour.

All leaks and defects, which the test reveals, to be searched for with ether
or by the application of soapsuds;the same to be made good by gas-fitter.

No split pipe or broken fitting, or fitting having sandholes, to be repaired
with cement or solder.

In large buildings, test gas piping in sections.

After the test, have a number of capped outlets opened slowly, on each
of the floors, to make sure by the falling of the mercury in the gauge that
the entire piping has been under the test, and that no parts are acci-
dentally or intentionally disconnected.

After test, leave all outlets capped tightly.

When alterations in ‘the gas are made, or additional burners are put in,
test ‘the altered work in same manner as in the first test.

Before the gas fixtures are hung or put up, the gas-fitter is to repeat
the test in the presence of the contractor for the gas fixtures, so as to
demonstrate to him the tightness of the entire piping.

This leaves the fixture man responsible for any leaks discovered when
the gas is first turned on at fixtures.

After fixtures are hung, the contractor for the fixtures to apply another
pressure test, with three inches of mercury in the gauge.



CHAPTER VI

RULES, TABLES AND REGULATIONS OF GAS COMPANIES AND
OF BUILDING DEPARTMENTS.

ONE of the chief faults of gas piping, as commonly done by
gas-fitters, is that too much small prpe is put into the work. To
determine by calculation the sizes of pipe required, at least for
the main risers and distributing lines, appears to the ordinary
gas-fitter to be an ultra-refinement not worthy of a serious
thought; but, worse than that, even the handy tables, gotten
up for the purpose of rendering tedious calculations unnecessary,
are neither consulted nor followed by him.

Before giving a number of rules and regulations of gas com-
panies, I should, perhaps, discuss briefly the flow of gas through
pipes, and the formula used to determine the theoretical dis-
charge. Many of the tables, embodied in some of the rules
given later on, should be used cautiously, because the sizes and
gas discharges therein given apply to large and smooth pipes.
For this reason the advice will be found in some of the tables to
increase the sizes, in case rough or old iron pipes are used. The
English tables generally are based upon the assumption that
the gas pipes are of smooth lead, a material which is not used in
the American practice of gas-fitting.

But even some of the American tables recently published (for
instance those of the United Gas Improvement Co., of Philadel-
phia) have increased the required pipe sizes materially to make
proper allowance for partial stoppages, due to gradual accumu-
lations of rust and condensed naphthaline in the pipes.

The formula almost universally used for the flow of gas
through pipes is that by Dr. William Pole, and reads as follows:

hXd
Q =1350 d* vy R ).

44
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in which formula

8 = specific gravity of gas, air being taken as 1.00,
1 = length of pipe in yards,

d = diameter of pipe in inches,

h = pressure of gas in inches of water,

Q = quantity of gas delivered in cubic feet per hour.

The specific gravity is often taken as equal to 0.40. For any
other specific gravity the value of @ should be multiplied by
0.635 or 20.40, and divided by the square root of the specific
gravity.

To find the theoretical diameter required for a given dis-
charge, we derive from the above formula the following:

@ xsxl
d = V—(13m)2 TR @).

In making calculations of this kind it will be found conven-
ient to make use of logarithmic tables, and in that case the
above formula may be expressed:

logd =0.2[2logQ + logs + log! — 21og 1350 —log k). . (3).

The value of (d) so obtained applies only to large, new and
smooth pipes. The discharge for small pipes is less than
the calculated quantity, hence the value of (d) should be
increased one-third for lead pipes, and at least one-half for iron
pipes.

The following table, originally published by Clegg, and
republished in Newbigging’s Handbook, gives the diameter of
pipes, in decimals.of an inch, for the supply of a certain num-
ber of burners, each of 5 cubic feet per hour, under one inch
pressure, at various distances from the main pipe:

The following example illustrates the manner in which the
table is used. Suppose there are 50 burners to be supplied in a
building at a distance of 150 feet from the main, then the tabu-
lar number opposite 150 and under 50 is 0.93688. Add to this
50 per cent for an iron pipe and we find 1.405, or a one and one-
half-inch pipe, as the size required.

Experiments on the discharge of gas pipes tend to confirm
the statement that the actual discharge is considerably less than
the theoretical quantity deduced from the Pole formula (1). A"
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table, based on such experiments, is given by Hurst, which
illustrates this:

DIAMETER OF PIPE 1 INCH.
(Discharge by Experiment.)

.
Length of Pipe in Yards. 10 ‘ 20 ’ 30 [ 50

Cubic feet per hour under 1 inch pressure 337 | 233 | 190 | 148

Cubic feet per hour under 1.25 inch pressure 368 | 260 | 212 | 164

DIAMETER OF PIPE 1 INCH
(Discharge by Pole Formula.)

Length of Pipe in Yards. 10 20 30 50
Cubic feet per hour, 1 inch pressure . . . . | 675 | 476 | 389 [ 301
Cubic feet per hour, 1.25 inch pressure . . . 738 | 522 | 427 | 329

in other words, the actual discharge was only one-half that
given by the formula.

The smaller the gas pipes are, the greater is their liability to
become obstructed with tarry matter, naphthalene, rust or water.

The following table was prepared by Dr. Schilling, the well-
known gas expert of Munich, from actual experiments. It
makes provision for the rusting of pipes, for friction in small
pipes, and for a general surplus capacity of 25 per cent.

LENGTH OF PIPE IN FEET.

I';;'i:e ‘ 10 | 20 | 30 | 40 | 50 | eo | 70 | 80 | 90 | 100
Inch.

1 N U I B ...

i 4 3 2 U DO BN B ..

3110 7 5 4 3 2 S U B B

$ 25 14 10 8 6 5 4 3 3 .2

1 60 38 26 19 15 12 10 8 7 6

11 100 64 42 32 25 20 16 13 10 8

13 150 95 65 48 37 30 25 20 16 13

2 350 228 156 114 90 70 60 50 40 25

Number of Burners at 5 cubic feet per hour each.

In making computations of discharges of gas pipes it will be
found useful to bear the following axioms in mind:
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1. The discharge of gas is doubled if the length of pipe is
divided by four.

2. The discharge of gas is reduced to one-half if the length
is increased four times. )

3. The discharge of gas is doubled if the pressure of gas is
increased four times.

4. The delivering capacity of a pipe of given diameter varies
directly as the square root of the pressure and inversely as the
square root of the length.

The specific gravity of the gas also has some effect on the
volume delivered, for the formula shows that the smaller the
specific gravity of the gas, the larger will be the discharge.

This is illustrated in the following table, which I take from
the ‘“Handbook of American Gas Engineering Practice,” by
M. Nisbet-Latta (1907). In this table the loss of head or pres-
sure is in each case taken at 0.1 inch in 30 feet length.

TABLE OF CAPACITY OF GAS PIPES OF THE LENGTH AND
DIAMETER GIVEN, IN CUBIC FEET PER HOUR FOR VARI-
OUS SPECIFIC GRAVITIES.

Specific Gravity:
Diameter of Pipe in Length of 0.42. 0.55. 0.68.
Inches. Pipe in Feet.

Cubic Feet Cubic Feet Cubic Feet

per Hour. per Hour. per Hour.
... ... 20 18 18 14
... 30 37 32 29
... 000 50 101 88 80
10........ 70 210 180 162
1. ... 100 360 310 280
13 . . . . .. .. 150 577 500 450
20. ... .. 200 1200 1030 930
2 300 2050 1800 1610
30 . ..., ... 450 3300 2850 2560

As a rule, tables of gas pipes give the number of burners
which can be supplied from a pipe of given size and length,
under a certain pressure of gas. In many respects, it is much
more convenient to have the tables express the number of cubic
feet of gas which pipes are capable of discharging per unit time.
This is so, for instance, in the table below, quoted from an Eng-
lish book by Grafton.
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TABLE SHOWING THE NUMBER OF CUBIC FEET OF GAS PER
HOUR SUPPLIED FROM PIPES OF DIFFERENT DIAM-

ETERS AND LENGTHS UNDER 10/10 INCHES PRESSURE.
(W. GRAFTON.)

Length of Pipe in Feet.
Diameter
of Pipe.
45 75 150 225 300
Inch. :
4 44 40 37 32 27
3 114 108 95 78 67
1 223 212 187 152 128
1} 388 368 323 263 222
1% 613 590 507 413 345
2 1280 1225 1070 880 750
23 2220 2115 1820 1520 1270
3 3497 3330 2880 2370 1975
4 7170 6800 5875 4820 4025

If it is proposed to use a burner of a certain size, consuming
a certain number of cubic feet per hour, divide the cubic feet
in the table by the capacity of the burner per hour; the result
is the number of burners, which can be supplied by a pipe of
certain size and length.

Should the gas pressure exceed 10/10 inches of water, apply
the rule that the carrying capacities of pipes are increased
directly as the square root of the pressure, and inversely as the
square root of the length.

See also Table on page 77.

GAS-PIPING RULES OF THE OLD MANHATTAN GAS COMPANY
OF NEW YORK.

Greatest
st | s | N | s, | T 0
i lowed. ) :
% inch 6 feet 1 burner 3-light 6 burners
§ inch 20 feet 3 burners 5-light 10 burners
4 inch 30 feet 6 burners 10-light 20 burners
 inch 50 feet 20 burners 10-light 40 burners
1 inch 70 feet 35 burners 30-light 60 burners
14 inch 100 feet 60 burners 45-light 90 burners
1} inch 150 feet 100 burners 60-light 120 burners
2 inch 200 feet 200 burners 100-light 200 burners
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In the following pages, I give a compilation of a number of
rules and regulations of different American cities, my purpose
in doing so being to give a true picture of the present American
practice of piping buildings for gas. A few rules and tables from
English, French and German gas-engineering practlce are added
for the sake of comparison.

SPECIFICATIONS OF THE CONSOLIDATED GAS COMPANY
OF NEW YORK FOR HOUSE PIPING.

The following specifications for gas piping should be observed, in order
to secure the company’s acceptance and certificate:

1. The piping must be tight under a pressure of 10 inches of a mercury
column. This test will be made before the fixtures are hung, and after
the piping is closed in.

The use of cement for repairs to leaks is to be avoided.

2. The sizes of pipe shall not be less than those called for in the

following table:

. Greatest Number of
Size of Pipe. Greatest Length Allowed. Burners.

# inch 20 feet 3 burners

% inch 25 feet 6 burners

4 inch 40 feet 20 burners
1 inch 60 feet 30 burners
1} inch 100 feet 60 burners
1% inch 150 feet 100 burners
2 inch 200 feet, 200 burners
2% inch 300 feet 300 burners
3 inch 450 feet, 400 burners
4 inch 600 feet 700 burners

The foregoing table shows, for any given number of outlets, the greatest
length allowed for each size of pipe.
The following rules should also be observed:
3. No house riser shall be less than 0.75 inch.
No house pipe shall be less than 0.375 inch.
No branching for a range shall be smaller than 0.5 inch.
Gas is never to be supplied from a smaller pipe to a larger one.
No pipe smaller than 0.5 inch shall be used between outlet of meter
and outlet of range pipe.
8. Piping must be free from obstructions.
9. Of any given size pipe, do not run a longer length than the longest
length given in the table for that size.

N oo s
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10. In figuring out the size of pipe, always start at the outlets, or
extremities of the system, and work toward the meter.

11. White lead or other joining material should be used sparingly so
as not to clog the pipe.

12. All pipe should be blown through after being connected, to make
sure it is clear.

13. The piping must be free from traps.

14. All pipe should grade back toward the riser, and thence to the meter.

15. Pipe laid in a cold, damp place should be properly dripped and
protected.

16. The riser must be extended to a point within 24 inches of the pro-
posed location of the meter.

17. In piping new houses the gas company is to decide where the gas
meter should be located, and the fitter shall extend the riser to terminate
within 2 feet of this point.

18. The location bf meters shall not be under stoops or sidewalks, near
furnaces or ovens, or such as to render the meter inaccessible or liable to
injury.

19. When, to accommodate different tenants, one or more meters are
desired in a given building, the company will set as many meters as there
are separate consumers, connecting the meters to one service pipe, pro-
vided that the risers or pipes leading to these different tenants are extended
to within 2 feet of the location of the meters.

20. As far as possible, meters should stand side by side in the cellar or
basement, and fitters should obtain from the gas company the proper
size of the meter to set, and also the spacing for outlets in header.

21. Risers should not be scattered, but should drop together in align-
ment to the cellar or basement. . They should not extend more than
3 inches below the ceiling, and they should be kept at least 3 inches
apart.

22. No elbow should be put on the bottom of any riser or rising service,
but the bottom of all risers should have a “ T.”

23. In making outlets, always use fittings; do not bend the pipe.

24. Unions should not be used in concealed work.

25. Long runs of horizontal pipe should be firmly supported at short
intervals to prevent sagging.

26. All branch outlet pipes should be taken from the sides or tops of
running lines, never from below.

27. Bracket lines should be run up from below when practicable.

Rules 28, 29 and 30 are omitted, being the same as those on page 57
of the Philadelphia Rules.

31. The use of galvanized pipe for gas is to be avoided on account of
the chemical action between the condensation in the gas and the covering
on the pipe, which has a tendency eventually to result in the obstruction
of the pipe.
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32. Galvanized iron fittings are not so objectionable, as the galvanizing
tends to close the pores, which are frequent in malleable or cast-iron
fittings.

33. In piping residences a 0.5-inch line, or preferably a 0.75-inch line
should be run from a point near the meter to the kitchen, to provide for
a gas range. This line should terminate about 15 inches from the floor,
when protruding from a wall.

34. In piping for prepayment meters in buildings which have on a
floor four families, the following plans should be carried out: The pipe
from the service to the bottom of the front riser should be 1.25 inches;
from the bottom of the front riser to the bottom of the rising services it
should be 1 inch, to within two floors of roof, where 0.75 inch may be
substituted. All openings to be left shall be at least 0.5 inch.

35. Prepayment meters will not be set in bedrooms; and all prepayment
meters must be set within the apartment.

36. Before piping a building for prepayment meters, fitters should
consult the gas company to avoid mistakes.

37. The running of gas pipes on the inside of outside walls is to be
avoided as much as possible; owing to the- exposed location, they are
easily stopped by frost, and are often a source of annoyance during the
cold weather.

38. When the fitter has completed the system of piping, made the test,
and found the pipes tight, he should promptly notify the company. An
appointment will be made, and the company’s inspector will call and
witness the test. If the pipes are found tight, the following certificate
will be issued:

39. This is to certify that the Consolidated Gas Company of New York,
has inspected the piping at No. —— —————— Street, and has found
it to be gas-tight.

As any injury may occur to the piping subsequent to this inspection,
its future soundness is not guaranteed.

ConsoLipATED GAs CompANY oF NEw YORK.
Datem—_ By. Inspector.
40. During the inspection, the fitter or his representative must be

present.
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FROM SUPPLEMENT TO RULES FOR PLUMBING AND
DRAINAGE ADOPTED BY THE BUREAU OF BUILDINGS
FOR THE BOROUGH OF MANHATTAN, CITY OF NEW YORK.

Gas Piping and Fixtures.

1. Hereafter the gas piping and fixtures in all new buildings, and all
alterations and extensions made to the gas piping or fixtures in old
buildings, must be done in accordance with the following rules, which
are made in accordance with the provisions of Section 89 of the Building
Code.

For additional requirements of public buildings, theaters, and places
of assemblage, see Part XXI, of the Building Code.

2. Before the construction or alteration of any gas piping in any
building or part of any building, a permit must be obtained from the
- Superintendent of Buildings. This permit will be issued only to a regis-
tered plumber. Application must be made and complete floor plans
filed, showing each and every outlet, and the number of burners to go
on each outlet before beginning work. Small alterations may be made
by notifying the Bureau of Buildings, using the same blank forms pro-
vided for alterations and repairs to plumbing.

3. All gas pipe shall be of the best quality wrought iron, and of the
kind and weight classed as standard pipe.

No pipe allowed of less than 0.375 inch in diameter.

4. All fittings (excepting stopcocks or valves) shall be of malleable
iron. All bends or angles in the piping system must be made by means
of fittings. The bending of pipes will not be permitted.

5. There shall be a heavy brass straightway cock or valve on the
service pipe immediately inside the front foundation wall. Iron cocks
or valves are not permitted.

6. Where it is not impracticable so to do, all risers shall be left not
more than five feet from front wall.

7. No pipe shall be laid-so as to support any weight (except fixtures)
or be subjected to any strain whatsoever. All pipe shall be properly
laid and fastened to prevent becoming trapped, and shall be laid, when
practicable, above timbers or beams instead of beneath them.

Where running lines or branches cross beams, they must do so within
thirty-six inches of the end of the beams, and in no case shall the said
pipes be let into the beams more than two inches in depth.

Any pipe laid in a cold or damp place shall be properly dripped, pro-
tected, and painted with two coats of red lead and boiled oil, or tarred.

8. No gas pipe shall be laid in cement or concrete unless the pipe or
channel in which it is placed is well covered with tar.

9. All drops must be set plumb and securely fastened, each one
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having at least one solid strap. Drops and outlets less than 0.75 of an
inch in diameter shall not be left more than one inch below plastering,
centerpieces, or woodwork.

10. All outlets and risers shall be left capped until covered by fixtures.

11. No unions or running threads shall be permitted. Where necessary
to cut out to repair leaks or make extensions, pipe shall be again put
together with right and left couplings.

12. No gas-fitters’ cement shall be used, except in putting fixtures
together.

13. All gas brackets and fixtures shall be placed so that the burners of
the same are not less than three feet below any ceiling or woodwork,
unless the same is properly protected by a shield, in which case the dis-
tance shall not be less than eighteen inches. ,

14. No swinging or folding gas brackets shall be placed against any
stud, partition or woodwork.

15. No gas bracket on any lath and plaster partition or woodwork
shall be less than five inches in length, measured from the burner to the
plaster surface or woodwork.

Gas lights placed near window curtains or any other combustible
material shall be protected by a proper shield.

14. Gas outlets for burners shall not be placed under tanks, back of
doors, or within four feet of any meter.

15. All buildings shall be piped according to the following scale:

Diameter. Length. | Burners. Diameter, Length. Burne:
ginch . . . 26 feet 3 14 inch . . . | 150 feet 100
$inch . . . 36 feet 6 2 inch . . . | 200 feet 200
4inch . . .| 60 feet 20 24 inch . . . | 300 feet 300
1 inch. . . . 80 feet 35 3 inch . . . | 450 feet 450
1}inch . . . | 110 feet 60 4 inch . . . | 600 feet 750

v

16. Outlets for gas ranges shall have a diameter not less than required
for six burners, and all gas ranges and heaters shall have a straightway
cock on service pipe.

17. When brass piping is used on the outside of plastering or woodwork
it shall be classed as fixtures.

18. All brass tubing used for arms and stems of fixtures shall be at
least No. 18 standard gauge and full size outside, so as to cut a full thread.
All threads on brass pipe shall screw in at least five-sixteenths of an inch.
All rope or square tubing shall be brazed or soldered into fittings and
distributors, or have a nipple brazed into the tubing.

19. All cast fittings, such as cocks, swing joints, double centers, nozzles,
etc., shall be extra heavy brass. The plugs of all cocks must be ground
to a smooth and true surface for their entire length, be free from sand-
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holes, have not less than 0.75 of an inch bearing (except in cases of special
design), have two flat sides on the end for the washer, and have two nuts
instead of a tail screw. All stop-pins to keys or cocks shall be screwed
into place.

20. After all piping is fitted and fastened, and all outlets capped up,
there must be applied by the plumber, in the presence of an Inspector of
the Bureau of Buildings, a test with air to a pressure equal to a column
of mercury six inches in height, and the same shall stand for five minutes;
only mercury testing gauges shall be used. No pipes shall be covered up,
nor shall any fixture, gas-heater or range be connected thereto until a
card showing the approval of this test has been issued by the Superin-
tendent of Buildings.

. 21. No meter will be set by any gas company until a certificate is filed
with them from the Bureau of Buildings certifying that the gas pipes and
fixtures comply with the foregoing rules.

22. When for any reason it may be impracticable to comply strictly
with the foregoing rules, the Superintendent of Buildings shall have power
to modify their provisions so that the spirit and substance thereof shall
be complied with. Such modification shall be indorsed upon the permit
over the signature of the Superintendent of Buildings.

OTHER SECTIONS OF THE BUILDING CODE APPLICABLE
TO GAS PIPING.

~ Gas and Water Pipes.

Every building other than a dwelling house, hereafter erected, and all
factories, hotels, churches, theaters, schoolhouses, and other buildings
of a publi¢ character now erected, in which gas or steam is used for light-
ing or heating, shall have the supply pipes leading from the street mains
provided each with a stopcock placed in the sidewalk at or near the curb,
and so arranged as to allow of shutting off at that point.

No gas, water, or other pipes which may be introduced into any building
shall be let into the beams unless the same be placed within thirty-six
inches of the end of the beams; and in no building shall the said pipes be
let into the beams more than two inches in depth.

All said pipes shall be installed in accordance with the rules and regu-
lations prescribed by the Board of Buildings.

All gas brackets shall be placed at least three feet below any ceiling or
woodwork, unless the same is properly protected by a shield; in which
case the distance shall not be less than eighteen inches.

No swinging or folding gas bracket shall be placed against any stud,
partition or woodwork.
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No gas bracket on any lath-and-plaster partition or woodwork shall be
less than five inches in length, measured from the burner to the plaster
surface or woodwork.

Gas lights placed near window curtains or any other combustible
material shall be protected by a proper shield.

Gas-Piping Regulations for Theaters and Places of Assembly.

Every portion of the building devoted to the uses or accommodation
of the public, also all outlets leading to the streets, and including the
open courts and corridors, shall be well and properly lighted during every
performance, and the same shall remain lighted until the entire audience
has left the premises. All gas or electric lamps in the halls, corridors,
lobbies, or any other part of said buildings used by the audience, except
the auditorium, must be controlled by a separate shut-off, located in the
lobby and controlled only in that particular place.

Gas mains supplying the building shall have independent connections
for the auditorium and the stage, and provisions shall be made for the
shutting off of the gas from the outside of the building.

When interior gas lamps are not ignited by electricity, other suitable
appliances, to be approved by the Bureau of Buildings, shall be provided.

All suspended or bracket burners surrounded by glass, in the auditorium,
or in any part of the building devoted to the public, shall be provided
with proper wire netting underneath woodwork, ceiling, or in any part
of the building, unless protected by fireproof materials.

All burners in passages and corridors in said buildings, and wherever
deemed necessary by the Bureau of Buildings, shall be protected with
proper wire network.

The footlight burners, in addition to the wire network, shall be protected
with a strong wire guard and chain, placed not less than two feet distance
from said footlight burner, and the trough containing said footlight
burners shall be formed of and surrounded by fireproof materials.

All border light burners shall be constructed according to the best-
known methods, and subject to the approval of the Bureau of Buildings,
and shall be suspended for ten feet by wire rope.

All ducts or shafts used for conducting heated air from the main chan-
delier, or from any other burner or burners, shall be constructed of metal
and made double, with an air space between.

All stage burners shall have strong metal wire guards or screens not
less than ten inches in diameter, so constructed that any material in
contact therewith shall be out of reach of the flames of said burners,
and must be soldered to the fixture in all cases.

The stand pipes, gas pipes, electric wires, hose, footlight burners, and
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all apparatus for the extinguishing of fire or guarding against the same,
as in this section specified, shall be in charge and under control of the
Fire Department ; and the Commissioner of the said department is hereby
directed to see that the arrangements in respect thereto are carried out
and enforced.

SPECIFICATIONS OF THE UNITED GAS IMPROVEMENT COM-
PANY, PHILADELPHIA, FOR HOUSE PIPING FOR GAS.

The gas-pipe system must stand a pressure of 3 pounds per square
inch, or 6 inches of a mercury column, without showing any drop in the
mercury column of the gauge, for a period of 10 minutes. After the fix-
tures are in place, the piping and fixtures must stand the same test.
Leaky fittings or pipes must be removed; cement-patched material will
be rejected.

The sizes of pipe shall not be less than those called for in the table.
This table shows for any given number of outlets the greatest length
allowed for each size of pipe.

The piping must be free from obstructions. Every piece of pipe should
be stood on end and thoroughly hammered and blown through before
being connected. Use white lead, or other jointing material sparingly,
to avoid clogging the pipe. Always put jointing material on the male
thread on end of pipe, and not in the fitting. The use of gas-fitters’
cement is prohibited. All piping should be blown through after being
connected, to make sure it is clear.

The piping must be free from traps. All pipes shall grade back toward
the riser, and thence to the meter; use a spirit level in grading. Any
pipe laid in a cold or damp place should be properly dripped and pro-
tected.

The pipes must be rigidly supported by hooks and straps. Outlets
for brackets or drops must be secured by straps or flanges, which are
nailed or screwed to the woodwork. Where the walls are of masonry
they should be plugged and the straps fastened to the plugs.

The riser must extend to a point within 24 inches of the proposed
location of the meter, and if a horizontal line is needed, a tee, with a plug
looking down, must be put on the bottom of the vertical pipe. In piping
new houses, the gas-fitter should decide where the gas meter ought to
be located, and extend the riser to terminate within 24 inches of this
point. In determining the proper location of the meter, he should be
guided by the following:

Meters will not be located under stoops, sidewalks, or shop windows;
near furnaces or ovens; locked in compartments, nor placed in any other
gituation where they will be inaccessible, or liable to injury.
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If the building is on a street corner, the company should be asked
from which street the service will be run, and where the meter should be
located. If at any time the fitter is in doubt as to the future location
of a meter, on application to the proper office, some one will be sent to
instruct him.

Where more than one meter is desired in a given building, to accomo-
date different tenants, the company will set as many meters as there are
separate consumers, connecting them to the one service pipe, provided
that the risers, or pipes leading to the different tenants, are extended to
within a reasonable distance (say 6 feet) of the actual or proposed loca-
tion of service. All the meters must stand side by side in the cellar or
basement, within view of the end of the service. The company will not
set meters on the different floors of a building. Risers must not be
scattered, but must drop together to the cellar or basement, preferably
in the front part of the building. They should not extend more than
3 inches apart. They must never end in such a place that beams, girders,
heater pipes, etc., to be put up subsequently, would prevent making
connections to the meter.

Always use fittings in making turns; do not bend the pipe. Do not
use unions in concealed work ; use long screws, or right-and-left couplings.
Long runs of approximately horizontal pipe must be firmly supported at
short intervals, to prevent sagging. All branch outlet pipes must be
taken from the sides or tops of running lines, never from below. Bracket
lines must be run up from below; never drop them from overhead except
in lowest floor or cellar of buildings.

Where pipes pass through masonry walls they must be encased, the gas
pipe resting on the bottom of the casing pipe, with a clearance of half
an inch at the top.

Pipes must be run and covered so as to be readily accessible. Do not
run them at the bottom of floor beams, which are to be lathed and plas-
tered. They must be securely attached to the top of the beams, which
should be cut out as little as possible. Where pipes are parallel to beams,
they must be supported by strips nailed between two beams. These strips
must not be over 4 feet apart. All cutting of beams should be done
as near as possible to the ends, or supports, of the beams. Pipes must
not be laid beneath tiled or parquet floors, under marble platforms, or
under hearth stones, where it can be avoided. Floor boards or pipes
should be fastened down by screws, so that they can readily be removed.
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TABLE SHOWING THE CORRECT SIZES OF HOUSE PIPES FOR
DIFFERENT LENGTHS OF PIPES, AND NUMBERS OF

OUTLETS.
Length of Pipes in Feet. -
No. of
Outlets.

#In. | #In. | #In. | 1-In. | 1}In. | 14-In. | 2In. | 24-In. | 3 In.

Pipe. | Pipe. | Pipe. | Pipe. | Pipe. Pipe. Pipe. Pipe. Pipe.

1 20 30 50 70 100 150 200 300 400

2 ce 27 50 70 100 150 200 300 400

3 R 12 50 70 100 150 200 300 400

4 e ce 50 70 100 150 200 300 400

5 .. e 33 70 100 150 200 300 400

6 24 70 100 150 200 300 400

8 e v 13 50 100 150 200 300 400

10 . v e 35 100 150 200 300 400

13 .. .es o 21 60 150 200 300 400

15 ce ven ce 16 45 120 200 300 400

20 27 65 200 300 400

25 17 42 175 300 400

30 12 30 120 300 400

35 22 90 270 400

40 17 70 210 400
45 13 55 165 400

50 45 135 330

65 27 80 200

75 20 60 150

100 33 80

125 ‘ 22 50

150 15 35

175 v 28

200 21

225 17

250 14

e

This table is based on the well-known formula for the flow of gas
through pipes. The friction, and therefore the pressure necessary to
overcome the friction, increases with the quantity of gas that goes
through per unit time, and as the aim of the table is to have the loss in
pressure not exceed one-tenth of an inch water-pressure in thirty feet,
the size of the pipe increases in going from an extremity toward the
meter, as each section has an increasing number of outlets to supply.
The quantity of gas the piping may be called on to pass through is

‘stated in terms of 0.375-inch outlets, instead of cubic feet, outlets being

used as a unit instead of burners, because at the time of first inspection
the number of burners may not be definitely determined. In designing
the table, each 0.375-inch outlet was assumed as requiring a supply of
ten cubic feet per hour. .

E
;
o
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How to Use the Table.

In using the table observe the following rules:

1. No house riser shall be less than 0.75 inch. The house riser is
considered to extend from the cellar to the ceiling of the first floor. Above
the ceiling the pipe must be extended of the same size as the riser, until
the first branch line is taken off.

2. No house pipe shall be less than 0.375 inch. An extension to
existing piping may be made of 0.25-inch pipe to supply not more than
one outlet, provided said pipe is not over six feet long.

3. No gas range shall be connected with a smaller pipe than 1 inch.

4. In figuring out the size of pipe, always start at the extremities of
the system and work toward the meter.

5. In using the table, the lengths of pipe to be used in each case are
the lengths measured from one branch or point of juncture to another,
disregarding elbows or turns. Such lengths will be hereafter spoken of
as “ sections.” No change in size of pipe may be made except at branches
or outlets, each “ section,” therefore, being made of but one size of pipe.

6. If any outlet is larger than 0.375 inch, it must be counted as more
than one, in accordance with the schedule below:

—
In. In. In. In. In. In. In. In.

Size of outlet . . 0.5|/0.75}{ 1.0 1.25 1.5| 2.0 2% 3
Value in table . . 2 4 7 11 16 28 44 64

7. If the exact number of outlets given cannot be found in the table,
take the next larger number. For example, if 17 outlets are required,
work with the next larger number in the table, which is 20.

8. If, for the number of outlets given, the exact length of the ‘ sec-
tion ” which feeds these outlets, cannot be found in the table, the next
larger length corresponding to the outlets given must be taken to deter-
mine the size of the pipe required. Thus, if there are 8 outlets to be fed
through 55 feet of pipe, the length next larger than 55 in the 8-outlet line
in the table is 100, and as this is in the 1.25-inch column, that size pipe
would be required for 7 outlets.

9. For any given number of outlets, do not use a smaller size pipe
than the smallest size that contains a figure in the table for that number
of outlets. Thus, to feed 15 outlets, no smaller size pipe than 1-inch may
be used, no matter how short the “ section ”’ may be.

10. In any piping plan, in any continuous run from an extremity to
the meter, there may not be used a longer length of any size pipe than
found in the table for that size, as 50 feet for 0.75-inch, 70 feet for 1-inch,
etc. If any one “ section ”” would exceed the limit length, it must be
made of larger pipe. Thus 6 outlets could not be fed through 75 feet of
1-inch pipe, but 1.25-inch would have to be used.
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‘When two or more successive ‘“‘sections’’ work out to the same size of
pipe, and their total length or sum exceeds the longest length in the table
for that size of pipe, make the “section’’ nearest the meter of the next
larger size. For example, if we have 5 outlets to be supplied through
45 feet of pipe, we should find by the table that 10 outlets through 30 feet
would require 1-inch pipe, and that 5 outlets through 45 feet would also
require l-inch pipe, but as the sum of the two “ sections,” 30 plus 45
equals 75 feet, is longer than the amount of 1 inch, that may be used in
any continuous run, the 30-foot section, being the one nearer the meter,
must be made of 1.25-inch pipe.

The application of the limit in length of any one size in a continuous
run may also be shown as follows: Eight outlets will allow of 13 feet of
0.75-inch pipe in the section between the eighth and ninth outlet (count-
ing from the extremity of the system toward the meter), provided that
this 13 feet added to the total length of $-inch pipe, that may have been
used between the extremity of the run, and the eighth outlet, does not
exceed 50 feet, which, according to the table, is the greatest length of
0.75-inch allowable in any one branch of the system. Therefore, up to
the eighth outlet, 37 feet of 0.75-inch pipe could have been used, and
yet allow 13 feet of 0.75-inch to be used in the section between the
eighth and ninth outlet. If more than 37 feet had been used, then the
entire 13 feet between the eighth and ninth outlets would have to be of
1-inch pipe.

11. Never supply gas from a smaller size pipe to a larger one. If we
have 25 outlets to be supplied through 200 feet of pipe, and these 25 and
5 more, making 30 in all, through 100 feet of pipe, we should find by the
table that 25 outlets through 200 feet would require 23-inch pipe, and
30 outlets through 100 feet would require 2-inch pipe, but as under this
condition a 2-inch pipe would be supplying a 2. 5-inch, the 100-foot section
must be made 2.5-inch.

CIRCULAR OF THE BOSTON GAS LIGHT COMPANY TO GAS-
FITTERS ON RULES FOR GAS PIPING (SEPTEMBER, 1890).

In order to secure an uninterrupted flow of gas, it is deemed
proper to require adherence to a Table and Regulations. This
table is identical with the one formulated by the New York City
Building Department.

Note. It will be noticed that no greater length of pipe of each size is
allowed than that specified in the list; and that no more burners can be
taken from any size than the number stated, even if the length of pipe is
diminished.

No job will be approved in which copper pipe is used.

In all cases the position of the meter shall be determined by the gas
company’s inspector of fittings.
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The connection with the meter must never be less in size than the
largest pipe used in the house distribution.

Every service pipe must have a T placed so as to be easily opened, in
order that the service pipe may be cleared when any stoppage occurs,
and a brass cock must be -furnished and placed near the wall where the
service enters.

All gervice pipes, and other connections between street mains and
meters, passing through arches under sidewalks, coal-holes, or areas, and
all other pipes in exposed places, must be protected from accident and
the weather, at the expense of the party for whose benefit the gas is
supplied.

Care must be taken to avoid crossing the gas pipes with electric wires,
as buildings so piped will not be passed by inspector.

Brass cocks with a gas-way not less than the capacity of the riser, must
be placed on all risers of 2 inches and above.

No job will be approved where ¢ gas-fitters’ cement "’ has been used as
a material to stop sandholes or other leaks, or for any other purpose.

REVISED REGULATIONS PERTAINING TO GAS-FITTING AND
GAS-FITTING MATERIALS, ADOPTED JULY 29, 1898, BY THE
BOARD OF HEALTH AND THE BUILDING COMMISSIONER
OF BOSTON, TO TAKE EFFECT OCTOBER 1, 1898.

1. In all cases of repair of leaks, a notice giving the location and
extent of all work performed shall be filed with the building commissioner
immediately upon completion of the same.

2. No pipe or fitting shall be covered or concealed from view until
approved by one of the gas inspectors of the building department, or for
twenty-four hours after notice has been given to the building commis-
sioner.

3. No pipe shall be so laid as to support any weight (except fixtures),
or to be subjected to any strain.

4. All outlets for fixtures shall be securely fastened to the satisfaction
of the building commissioner; all outlets not covered by fixtures shall be
left capped, and the number of burners for each outlet shall be marked
on the builders’ plans.

5. Any pipe laid in a cold or damp place shall be properly dripped

and protected.
6. All swing brackets shall have a globe or guard to prevent the burner

from coming in contact with the wall. All bracket outlets shall be at
least 2 inches away from window or door casings.

7. Gas or combination fixtures in all public buildings, theaters, and
public halls shall be made safe to the satisfaction of the building com-

missioner.
8. All stop-pins to keys or cocks or fixtures shall be screwed into place.
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9. The use of gas-fitters’ cement is prohibited, except in putting
fixtures together.

10. Gas shall not be let on in any building until the work performed
has been approved by the building commissioner. Inside services shall
be tested by the fitter who receives the permit to connect the service or
meter.

11. There shall be a brass straightway valve on the service pipe close
to the foundation wall, one at the inlet and one at the outlet side of each
meter. Iron valves shall not be used.

12. There shall be a final test, by a gas-fitter, of fixtures and pipes, by
two inches of mercury, which must stand five minutes; this test to be made
in the presence of one of the gas inspectors of the building department;
the gauge to be made of glass tubing of uniform interior diameter, and so
constructed that both surfaces of the mercury will be exposed.

13. All gas pipe shall be of wrought iron, all fittings of malleable iron,
and all meter connections of lead pipe of the same size as the fit or riser.
Galvanized fittings are prohibited.

14. Brass solder nipples shall be used on all meter connections.

15. No riser shall be left more than five feet away from the front
foundation wall.

16. All buildings shall be piped according to a scale [which is omitted
here, because it is practically the same as the one of the N. Y. City Build-
ing Department].

17. All outlets and risers shall be left capped or covered with fixtures.

18. All service pipes in cold or damp places shall be painted with two
coats of red lead and boiled oil.

19. Gas outlets for burners shall not be placed under tanks, back of
doors, or within four feet of any meter.

20. All gas burners less than three feet from ceiling or woodwork
shall be protected by a shield.

21. All brass tubing used for arms or stems of fixtures shall be at
least No. 18 standard gauge and full size outside so as to cut a full thread.
All threads on brass pipe shall screw in at least five-sixteenths of an inch.
All rope or square tubing shall be brazed or soldered into fittings and
distributers, or have a nipple brazed into the tubing.

22. All cast fittings, such as cocks, swing joints, double centers and
nozzles shall be extra heavy. The plugs of all cocks must be ground to
a smooth and true surface for their entire length, be free from sandholes,
have not less than 0.75-inch bearing (except in cases of special design),
have two flat sides on the end for a washer and have two nuts instead of
a tail-screw.

23. Outlets for gas ranges shall have a diameter not less than that
required for six burners, and all gas ranges and heaters shall have a
straightway valve on the service pipe.
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24. Pipes in buildings shall be laid above timbers instead of beneath
them, where it is possible to do so.

25. No secondhand gas pipe shall be put into use in any building
without the written permit of the building commissioner.

26. Drops or outlets less than 0.75 of an inch in diameter shall not be
left more than 0.75 of an inch below plastering, centerpiece or woodwork,
and other outlets shall not project more than 0.75 of an inch beyond
plastering or woodwork.

27. Fastening boards shall not be cut away to accommodate electric
wires. All outlets shall be fastened according to methods illustrated.

28. All iron pipes used for piping buildings, all arms, and all items of
fixtures, shall be of the kind classed as standard pipe.

29. No gas pipe shall be laid in cement, unless the pipe and channel,
in which it is placed, are covered with tar, nor within 6 inches of an
electric wire.

EXTRACTS FROM THE REGULATIONS GOVERNING THE PRAC-
TICE OF GAS-FITTING IN THE DISTRICT OF COLUMBIA.

Sec. 9. Upon the completion of any system of gas piping in a building,
and before the floors are laid or the pipes and fittings concealed, there
shall be filed in the office of the inspector of plumbing, by the plumber
doing the work, a detailed plan of the same, showing the location and
size of each pipe, with a statement that the system is ready for inspection.

Sec. 10. Upon the filing of the plan described in section 9, the inspector
of plumbing shall promptly cause the system to be inspected, and tested
with a pressure of not less than six inches upon a mercury gauge.

If the test and inspection be satisfactory a certificate of approval shall
be issued by.the inspector of plumbing.

No meter shall be attached to any pipe, or system of pipes, previous
to the issuance of such certificate.

Sec. 11. The sizes of the pipes used shall not be less, nor the length
greater, to the number of burners stated, than those specified in the
table (the table is omitted because it is, for sizes above 1%} inches, iden-
tical with the one of the N. Y. Consolidated Co.).

Smaller pipe than 0.5-inch shall not be used for ceiling outlets, except
for lighting halls, pantries, washrooms, bathrooms and kitchens.

Sec. 12. The pipe used shall be the best quality of wrought-iron pipe,
with galvanized-iron fittings, and joints shall be made with white lead.

All pipes shall be suitably supported and stayed with plpe hooks,
straps and screws.

All pipes shall be properly graded.

All split pipes must be removed.

Sec. 13. All main risers shall be run in an inside partition,
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Sec. 14. Each gas meter shall be located in accordance with directions
given by the inspector of plumbing.

All meters located in cellars must be set at least four feet above the
cellar floor.

Sec. 15. The service pipe shall be run, and both connections with the
meter shall be made, by the gas company.

Sec. 16. No extension or alteration of any existing system of gas
piping in a building shall be made without the inspection and approval of
the inspector of plumbing.

Sec. 17. Upon the completion of the building in which a system of
gas piping is run, and before the hanging of the gas fixtures, an applica-
tion for a final test and approval of the entire system shall be made, to be
followed by the final inspection and approval.

EXTRACT FROM RULES AND REGULATIONS OF THE HUDSON
COUNTY GAS LIGHT COMPANY, OF HOBOKEN, N.J.

Sec. 1. On the application of the owners of property, situated on the
avenues and streets, through which the Hudson County Gas Light Com-
pany have their gas mains, a service pipe of sufficient size to furnish all
the gas that may be required will be placed, free of cost, from the said
gas main in the avenue or street, to a distance not exceeding 25 feet from
the curb line thereof; should more than the said 25 feet from the curb
line be necessary, then the owner will be charged, for each additional
foot, the actual cost of pipe and labor.

Sec. 9. Consumers are requested to give notice at the office of the
gas company of any escape of gas in the service pipe, or of any insufficient
supply of gas, or of any jumping of the light, or any defect in the service
as soon as possible, in order that it may be remedied at once. ‘

Sec. 11. The inspector of the gas company shall at all times be in
readiness to examine the pipes in the building of all applicants for gas
free of charge, on receiving one day’s notice, and no gas meter will be
placed in any building, that is not found to be perfectly gas-tight; also
no rising pipe from the gas meter to the running line of the building will
be accepted of a less size than 0.75-inch diameter.

Sec. 12. The tubing and fitting for the conveyance of gas within the
walls, after it has passed the meter, may be put up by any competent
mechanic employed by the proprietor of the premises, subject however
to the approval of the gas company’s inspector. The proportionate
size of the tubing must conform to the Table, and no service will be laid
from the main to the meter of less diameter than one inch.

Note. The Table referred to is omitted, being identical with the one
of the old Manhattan Gas Company of N. Y. (see page 49).
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EXTRACT FROM MILWAUKEE BUILDING DEPARTMENT RULES.
Gas Piping.

1. The tubing and fitting for the conveyance of gas within the walls
of a building after it has passed the meter may be put in by any competent
gas-fitter, but consumers and property owners should require for their
own protection that such work be done under these rules, and that the
work is only to be paid for after the gas company has passed upon it and
given its certificate. )

2. In alterations in the piping of buildings, consumers or property
owners should use the same care as when piping new buildings.

3. The certificate to be given by the gas company, as per form pro-
vided, will only be given after the property owner has made application
on the form' provided.

4. All piping should be inspected on completion and before lathing
the building. It should be again inspected after completion of the build-
ing, and before the fixtures are hung. The two inspections when passed
upon are sufficient to warrant the gas company in issuing a certificate.

(A.) Illuminating System.

5. The following table shows the proportionate size and longest length
of tubing to be used, with the greatest number of burners allowed: 0.375-
inch pipe, 15 feet, 3 burners; 0.5-inch pipe, 25 feet, 6 burners;0.75-inch
pipe, 40 feet, 20 burners; 1-inch pipe, 60 feet, 25 burners; 1.25-inch pipe,
100 feet, 50 burners; 1.5-inch pipe, 150 feet, 75 burners; 2-inch pipe, 200
feet, 150 burners.

When one-fourth the length of pipe is used, the number of burners may
be doubled; 0.25-inch pipe not to be concealed and not more than 6 feet
in length, nor more than one burner to be allowed in any case.

6. The risers in any building must in no case be of less than 0.75-inch
pipe, and must in all cases be run on inside walls, and in no case should
they be within three feet of an outside wall. Extepsions from the risers
to the meters must be so run that the meters shall be conveniently
located for reading the index, and such extensions and places for meters
80 located as to insure protection from frost or excessive heat.

All openings from the riser must be securely capped when the work is
finished and tested. )

7. All drops and openings for wall brackets must be made with a bend,
the concealed end of which should be at least 6 inches long, and be well
fastened with gas hooks or straps. Ells and nipples or fastenings with
nails will in no case be allowed.

When outlets are not in close proximity to studding or joists, a notched
wooden cross-piece must be securely fastened to secure the same. Drops
in large rooms must never be less than 0.5 inch.

8a. All pipe and fittings must be put together with litharge cement.

|
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8. Split pipes or fittings will not be accepted, even though skillfully
cemented.
9. All pipes must be well fastened and entirely free from traps.
10. In no case will drips be allowed, except where absolutely necessary.
11. The company reserves the right to determine the location of the
meter.
12. All tests will be made under a pressure of air, ten pounds to the
square inch or twenty inches of mercury.
13. Risers for bracket lights should never be put in place until after
the studding for partition is firmly fastened.

(B.) Fuel System.

14. All piping for a separate fuel system must be taken from a branch
from the service pipe, a separate meter provided, and must be run and
used for supplying gas for fuel only.

15. No illuminating flames will be allowed, and no branches or outlets
provided for other openings than those connected with fuel appliances.

16. Illuminating burners will positively not be allowed on the fuel
systems under any circumstances.

17. A fuel meter will not be furnished under any circumstances, until
the gas appliance is in place and connected.

18. Fuel meters will not be connected to a pipe leading from the outlet
to another meter.

19. Fuel rate will not be allowed for any appliance attached to pipes
supplying gas for illuminating purposes.

20. Lighting burners will not be allowed on any pipe connected with
fuel meter.

21. Should illuminating burners be found on any pipe supplying gas
at the fuel rate, the gas light company reserves the right to remove the
fuel meter upon forty-eight (48) hours notice, and to charge the full
illuminating rate for all gas furnished such consumer from such time as
such fuel meter was set.

22. To govern the size of tubing to be used in piping for fuel systems,
the following rules should be followed:

(a) Consider that each piece of apparatus will be used to its maximum,
and all pieces at one and the same time.

(b) Use as a basis for figuring pipe, that a four-hole range uses 50 feet
per hour, six-hole range uses 80 feet per hour. Each gas fire or log uses
50 feet per hour, each water heater uses 25 cubic feet per hour. (If in
connection with range, add 25 feet to consumption of range.) Smaller
appliances, 25 feet per hour.

(c) Figure each length of pipe between openings separately, com-
mencing at the meter.

(d) Do not run over 20 feet of 0.5 inch; 50 feet of 0.75 inch; 80 feet of
1 inch; 100 feet of 1.25 inch; 150 feet of 1.5 inch: 200 feet of 2 inch.,
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23. Openings for fuel appliances should as a rule be 12 inches from the
floor and project 1.5 inches clear from the finished wall.

24. All other rules for piping and inspecting not inconsistent with these
will be the same as for the illuminating system. .

RULES AND REGULATIONS OF THE DENVER CONSOLIDATED
GAS COMPANY.
Illuminating Pipes.

Section 1. Pipes are to be run in the building to supply burners where
indicated by red checks or stars on the plans; should there be an omission
of a red check in any room, it must be supplied, notwithstanding such
omission.

The following table of runs, sizes, and openings will govern the running
of pipes:

Length of Run Total Openings
Size of Pipe. Allowed. Allowed. Remarks.
# inch 20 feet 1 This table permits a
% inch 25 feet 1 much smaller num-
4 inch 50 feet 4 ber of outlets for
1 inch 70 feet 7 each size pipe than
1} inch 125 feet 11 all other tables given.
14 inch 200 feet 16 —W.P.G.
2 inch 300 feet 30

Sec. 2. Risersto be placed as near the center of the building as possible,
and at least four feet from the heating apparatus. Where floors vary in
height, there will be a separate riser for each height. Large buildings will
have one or more risers as designated by plans and hereinafter specified.

Sec. 3. All pipes for bracket lights must run up from below and the
outlets securely fastened ; the nipples must be level and project one and
one-half inches beyond plastering and no more, and at right angles to
same.

Sec. 4. Drops must be plumb and securely fastened above and below,
to extend one and one-half inches below the ceiling and no more. Where
plaster centerpieces are used, drops to extend the same distance below
centers and always at right angles with plastering.

All drops and brackets to be made by means of elbows and tees and not
by the use of bent pipe.

Fuel-Gas Pipes.

Sec. 5. A separate line of pipe to be run for fuel gas as indicated by
yellow lines on plans; the openings for gas grates or gas stoves to be not
less than three-fourths of an inch, and where indicated by yellow checks
or stars on plans.
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The following table of sizes, runs, and openings will govern the running
of pipes for fuel gas:

Size of Pipe. ' Tength of Run | Total Openings Remarks.
1 inch 40 feet 1 See note in the pre-
1} inch 60 feet 2 ceding tabie.
1} inch 100 feet 4 —W.P.G.
2 inch 150 feet 6

Risers for fuel-gas pipes to be placed two feet from the riser for illumi-
nating gas, so that the two meters can be set side by side.

Sec. 6. All pipes to be of the best wrought iron, and the same are to
be tested before use by blowing through them to see that there is no
obstruction. All split or defective pipe to be replaced with new pipe.

Sec. 7. All pipes to be secured in position by means of galvanized-iron
straps — No. 20 or heavier, as occasion requires — and wrought-iron
hold-fasts. No nails are to be used in place of the above-mentioned
straps and hold-fasts.

Sec. 8. All cementing to be done with the best quality of “ gas-fitters’
cement ”’ and applied with an alcohol lamp.

All pipes must be free from sags and decline toward main rising pipes.

All outlets to be capped.

All joints or connections are to be made with red lead.

Sec. 9. No studding, joist, or other timber about the building to be
cut for the letting in of gas pipe without first obtaining the consent of
the architect, or his representative in charge of the work, and in case ‘of
no architect, then whoever may be in charge of the work. All horizontal
pipes are to be run as near the bearing of the joists as possible and not
through the center of the span.

All pipes are to be let in at the top of the joists and not hung from the
bottom.

RULES OF THE CINCINNATI GAS LIGHT AND COKE COMPANY
FOR GAS-FITTERS, ARCHITECTS, CONTRACTORS, OWNERS,
OR AGENTS OF BUILDINGS.

The tubing and fittings for the conveyance of gas within any building,
after it has passed the meter, may be put up by any competent gas-fitter
employed by the consumer or proprietor of the premises, subject, however,
to the inspection and approval of the company, which requires an inspec-
tion of all pipe before it is covered over by plastering or flooring.

The notice for inspection must be accompanied by a plan of the fittings,
drawn to a scale of one inch to eight feet, on which must be marked the



—-—r

¢

“i‘-.

b <
v
k1
g
F

13

b

i

70 Gas Piping and Gas Lighting

size and length of tubing, from joint to joint, and the position of the
burners — said plans to be numbeéred, by the inspector, to correspond
with the register of application, and filed in the office for future
inspection.

All tubing and screws must be of wrought iron, brass, or copper, but
no more of the latter than may be required to run from the ceiling or wall
to a gas burner. All Ts, Ls, Xs, springs, bends, etc., must be of hard
brass (gun metal) or iron. All stopcocks must be plugged and bushed
with brass, and the ways equal to the bore of the tubing, and all fittings
must be put together with gas-fitters’ cement, when the inspector shall
require it.

After all the fittings are completed, written notice must be given at the
office of the company, whose inspector will examine the work, in whose
presence air shall be forced into the whole of the system of pipe and
fittings, until the pressure is equal to thirty inches of mercury; and unless
the fittings shall be perfectly tight, under such pressure, and otherwise
satisfactory to the company, the gas will in no case be supplied.

Drops and bracket outlets must be well fastened with gas hooks.
Nails will not be allowed. Split pipes or fittings will not be accepted
even though skillfully cemented. All risers must start from the cellar,
and so run that required extensions to meters may avoid cellar openings.
All pipes must be well fastened and entirely free from “ traps.” Under
no circumstances will ‘“ drips ” be allowed except where absolutely
unavoidable.

No riser in any building must be of less than 0.75-inch pipe, except

" where there are but three outlets, when 0.5-inch will be allowed. In

buildings with large rooms the drops must be 0.5 inch, with a set from
the main line of pipe of not less than 4 inches, dropped square and well
secured by gas hooks to the joists. The same rule to be observed on all
cross lines of pipe. No outlets intended for gas stoves must be of less
than 0.5-inch.

In all cases where alterations are required to be made, notice must be
given at the office of the company on the day previous, to enable the
company to turn off the gas. As soon as the work is completed, the same
rules must be observed as in rule relating to testing.

The table given in the rules, but omitted here — exhibits the propor-
tionate length and size of tubing permitted by the company to be used.

All outlets intended for gas stoves must not be of less size than 0.5
inch, the same to be so located as not to exceed 24 inches above the
floor.

All outlets for gas logs must not be of less size than 0.5-inch, and only
one log allowed on 0.5-inch pipe, two on 0.75-inch, and three on 1-inch
pipe, location of same to be in center of fireplace, 4 inches from back
and 1 inch above level of floor in room.
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No outlets for drop fixtures or side-wall fixtures will be allowed on
branches intended for gas stoves or gas logs after leaving main line of
pipe.

All center drops in churches or public halls must not be of less size than
0.75-inch, and only one drop allowed on 0.75-inch pipe, two on 1-inch,
and four on 1.25-inch pipe.

Theaters and lodge-rooms which may have several lines of pipe, same
to be controlled by stage-cocks, must have extra large size of pipe run
from meter to stage, so as to give ample supply of gas for distribution
to all lines of pipe running from that point.

All side fixtures in bedrooms, unless otherwise ordered by owner of
building, to be not over five feet from floor. Side fixtures for hallways,
bathrooms, and water-closets must not be less than 6.5 feet from the
floor.

Gas-fitters and plumbers are positively prohibited from using water
for the purpose of testing or finding leaks in pipes.

In making connections to meters, in no case will the gize of uprights in
house be allowed to be reduced. Lead pipe of same size as house pipe
must be used. Gas will not be turned on to any premises where this
rule is violated until the proper change is made.

GAS-FITTER’S RULES AND TABLES OF THE PEOPLE’S GAS
LIGHT AND COKE COMPANY, CHICAGO.

The following tables show the proportionate size and length of tubing
allowed :

(A) OFFICE BUILDINGS, DWELLING HOUSES AND FLATS. MANU-
FACTURED GAS FOR LIGHT.

Greatest Number of
Size of Tubing. Greatost Length 0.375-in. Openings
owed.
# inch 20 feet 2 openings
4 inch 30 feet 3 openings
4 inch 60 feet 10 openings
1 inch 70 feet 15 openings
14 inch 100 feet 30 openings
14 inch 150 feet 60 openings
2 inch 200 feet 100 openings
24 inch 200 feet 200 openings
3 inch 300 feet 300 openings

Drops in double parlors, large rooms, and halls of office buildings must
not be less than 0.5 inch.
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(B) STORES, HOSPITALS, SCHOOLS, FACTORIES, ETC. MANUFACTURED

GAS FOR LIGHT.

Greatest Length Greatest Number of 0.5-in.
Size of Tubing. Allowed. Openings Allowed.

4 inch 20 feet 1 opening

$ inch 60 feet 8 openings
1 inch 70 feet 12 openings
1} inch 100 feet 20 openings
14 inch 150 feet 35 openings
2 inch 200 feet 50 openings

For stores the running line to be full size to end of last opening.
All drops to be 0.5 inch with set not less than 4 inches. Twenty feet
of 0.375-inch pipe allowed only for bracket fixtures.

MANUFACTURED GAS FOR FUEL.

Size of Tubing. G“";‘ﬁz'wz““h Greatest Number of 0.75-in. Openings Allowed.
3 inch 50 feet One % inch or two } inch
1 inch 70 feet Two or one § inch and two } inch
1} inch 100 feet Four or two # inch and four 4 inch
14 inch 150 feet Seven or four # inch and six 4 inch
2 inch 200 feet Fifteen or eight # inch and fourteen } inch

For mantles, grates, and small heating appliances, for heating space
not to exceed 1728 cubic feet, 30 feet of 0.5-inch pipe is allowed for
one opening only, and two such openings are considered as one 0.75-inch

opening.
FOR GAS ENGINES.
. Greatest Length

Size of Engine. Size of Opening. Allowed.
1H.P 1 inch 60 feet

2H.P 1} inch 70 feet

5 H.P 1} inch 100 feet

7H.P 1} inch 100 feet

12 H.P 2 inch 140 feet

Supply for gas engine must be separate, and an independent service

will be required.
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Building Services,

In running service pipe from front wall to meters, the following rules
will apply.

Greatest Number of 0.75-in.
8ize of Opening. Greatest Length Allowed. Openings Allowed.
1 inch 70 feet 1 opening
14 inch 100 feet 3 openings
1} inch 150 feet 5 openings
2 inch 200 feet 8 openings

All openings in service must be equal to the size of riser, which in no
case must be less than 0.75 inch.

Rules.

1. All branches or cross lines of pipe from the main line must have a
set not less than 4 inches dropped square, and must be well secured to
joists by gas hooks or straps.

2. All openings must be closed with iron caps, no split pipe or broken
fittings repaired with cement or lead will be allowed.

3. All drops on branch lines and openings for side brackets must be
square bends; no nipples allowed.

4. The risers in all buildings must be carried up in an inside partition
out of reach of frost, and must be placed where the meter and stopcock
can be readily gotten at. Vestibules not to be considered as inside parti-
tions.

5. To avoid trapping, gas-fitters must grade all pipes to riser or drops.

6. In no case will a meter be set where it is not easily accessible, or
where it is exposed to frost and dampness, or liable to injury from any
cause.

7. All pipes for fuel must be run independently, and connected to
lighting risers at the meter end, with right and left unions, or running
threads.

8. Supply for gas engines must be separate, and an independent °
service will be required.

9. Drops in churches, schools, public halls, stores, double parlors,
large rooms, etc., must not be less than 0.5 inch.

10. No riser in any building must be less than 0.75 inch and in stores
must not be under deck of show windows, as meter will not be set there.

11. The riser in any building must not be less than 20 inches from the
floor for two to ten openings; 2 feet 6 inches for ten to thirty openings;
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4 feet for thirty to sixty openings; 5 feet for sixty to one hundred open-
ings; 6 feet for over one hundred openings.

Where meters are to be set on wall, no riser must be higher than 9 feet
from floor.

12. In all cases where extensions are made, care must be taken to break
pipe where the rule for size can be maintained, and in no case shall exten-
sion be made from small pipes.

13. In flat buildings meters should be set in basement or in room
provided for meters; otherwise in premises where gas is consumed.

14. All risers and building services must be brought to front of building
and within 18 inches of wall or partition, and must not be less than 15
inches apart where risers are grouped.

15. In all cases where building service is used, provide header with an
opening for each riser; where risers are in groups, openings must not be
less than 15 inches apart.

16. Underground work by gas-fitters between main and meter will not
be allowed or accepted.

17. To avoid complications, gas-fitters should consult this company
before locating risers in corner buildings.

18. In flat buildings where appliances are installed for the Jomt use
of tenants, such as laundry stoves, driers, etc., run pipe from each meter
to laundry and provide a header with a lock cock for each tenant. Fasten
securely to each cock a metal tag with the flat number plainly marked
thereon.

19. All work must be proved with mercury gauge, not less than a six-
inch column of mercury being allowed.

20. All pipe must be examined by the inspector of this company before
being concealed, and twenty-four hours’ notice must be given by gas-
fitters when any pipe is ready for inspection.

21. If the rules concerning the size of pipes are not clearly understood
in each case, or if unusual conditions are met with, which the rules do not
cover, communicate with the company’s inspector.

22. It is the purpose of the company to strictly enforce the above
rules, and no certificate of inspection will be given when they are not
complied with.

23. Architects, builders, and owners of buildings are requested not to
allow a bill for gas-fitting unless accompanied by a certificate of inspection.




Rules, Tables and Regulations of Gas Companies 75

HINTS AND INSTRUCTIONS TO GAS FITTERS.*

1. Gas-fitters, when beginning the work of fitting up a building, should
read the rules of the gas company and see how many outlets are allowed
on each size of pipe.

2. When running extra pipe or making alterations in new buildings,
after the original work is completed, the fitter should put on the gauge
and test before and also after the alterations are made.

3. Fitters must put in drops with bends instead of elbows, accordmg
to the gas company’s rules.

4. Be careful in locating the meter. Risers should not be run on the
outside wall, for if they are the gas will condense in winter and cause the
light to flicker.

5. When running service pipe, be sure not to trap the pipe. Always
put alcohol cock where it can be got at conveniently in case of freezing
in winter. When the service is completed, test it by blowing into the
alcohol cock; then close it and allow the pressure to stand five or ten
minutes; then open the key and if there is sufficient back pressure the
piping is tight; if not it leaks and must be remedied.

6. In making alterations in old buildings, before making any exten-
sions the fitter should disconnect the meter and cap the riser, put on his
gauge and see whether the work is tight; also prove it when the work
is completed.

7. Drops should be fastened properly by putting in cleats between
joists.

8. In parlors one-half-inch drops should be put in. When running
pipe for bracket fixtures, fitters should be careful when there are two or
three in one room to put them the same height from the floor and see
that they extend just the same length through the plaster so as to make
an even finish for back plates.

9. In leaving openings for fireplace logs, they shculd be one-half inch
in fireplaces, and for gas stoves they should not be less than one-half
inch and, for large ones, three-quarters of an inch.

10. Fitters should not run risers across the floor under the tile of the
vestibule in t