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INTRODUCTION

Engmeers of the Water Works and Gas Industries. -

AST IRON PIPE needs no’ 1ntroduct10n to the. NE

‘Because of its’ dependable quahty, resxstance to‘ '

corros1on, ease of installation and reasonable cost, it has

become their. standard condult ' Next to the g.lr Whlch i U

we. breathe, nothmv is 'more essentlav"'t s
, hgh' and fuel. The excellent work of thes
‘ peratlon, and’ the select1on, )
’.shown by,these vital’ ‘elements being t]
of the'r ‘many Pubhc Servi that ‘make pe
. ~_c1ty11fe i A o :
- But: since the estabhs nt of spec1ﬁcat10ns on Cast ‘
Iron P1pe and Flttlngs, by;,the ’vanous engineering: asso-
ciations, NUMErous -New - “fittings Have been developed on .
which- complete standards have not . been written. Re- -

A'als‘,"is»well' :
ost. dependable
e o“u‘r dense :

quired data reorardmg Welghts, dlmensmns and ¢apacities,

while available; is often scattered ‘through sevéral hand-
books.. Information regardmg many. of the problems“

arising ‘in. the ﬁeld ‘may be qulte maccesmble to"the

" engineer. W1th he hope that a new compllatlon of
~tables and chapv -on these subJects may be of aid, not
only to the water and gas- Englneers, but to the many
othérs ‘to Wh ast Iron P1pe recommends 1tself thlS‘
Look has bee ‘pubhshed : -
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~Long, Easy Curves Can be Laid with Full Length Bell-and Spigot Cast Iron Pipe’
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THE PRODUCTION OF IRON

| SECTION 1
THE PRODUCTION OF IRON

HE product1on of i iron 15 one of- the oldest of the:
arts, dating back- to. some unknown iron. master
five or six thousand years ago. But the:ancient
metallurgical methods were so wasteful of both matenal
and labor, that the metal was never of great' econom1c
importance. . The ores were reduced to a pasty metallic
mass at a temperature below the melting point of the
iron itself, and the clay and sand that were embedded in
the ore were “laboriously kneaded: out- by hammermg.,
Our present metallurgy had its’ origin about the thirteenth
century A. D. when furnaces were- developed in Western
Europe to produce iron in a molten condition. -
The modern blast furnace is a round barrel shaped shaft
about a hundred feet in height and twenty-five feet at its-

largest diameter, with thick-firé brick walls jacketed and
" supported with steel plates. - The:bottom seven or eight

feet is cylindrical, topped by a ring of openings for nozzles
or tuyeres as they are called, through which the blast of
air. is forced. .Immediately- above this is a divergent
conical section called the “Bosh.” The “Bosh” is sur-
mounted: by another~ cylindrical - section, thén another

~cone and anofher cylinder at:the top.. A bell, drawn up-

tight against ‘@ ring seals-the top and-can be lowered at’

intervals to “drop in:fresh. supphes ‘of -ore and .coke. A

“skip” or chargmg car periodically ‘brings. up fresh sup-
plies of raw materials from the nearby stock house; which
are dumped into the annular hopper around the bell. .. -
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'In blast furna.ce pract1ce, the raw matenals are divided
“into ‘three classes—ores, fuels and fluxes. The ores are
* - the mineral sources of the metal occurring in nature as

rich deposits of the oxides of iron. . They are mined by
" open cutting or tunnelling depending on local conditions,

‘and are usually shipped to the furnace without” other

tréatient’ than sizing. The fuels are used to produce the

rtemperatures a.nd a.lso the gases that deoxidize the ores.

Cross Section 'of a Modern Blast Furnace - *

-At:present ¢okeis the only one of commercial importance, .

ethough in ‘the past much: charcoal was. consumed. The
fluxes-are minerals which combine with the coke ash. and
ithe. impurities in-the ore, to form an easily fusible slag.

5 dolom1te.

. Genera]ly these are the. carbonates of calcmm of magne-
".::smm, which are charged in the furnace as raw hmestone or.
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- The reduction of the ore is accomplished by the removal
of oxygen, through the agency of two chemical reactions,
accompanied by heat. When air passes through athick
bed of incandescent coke or charcoal, incomplete com-
bustion takes place and a gas called carbon monoxide ot
CO is formed. This gas has very active reducing prop-.
“erties so that at temperature above 600. degrees Fabren-

heit, it will take up the oxygen in the ore, leavmg metalhc B |

iron, There are several intermediate reactlons, but the‘
whole reducing process may be generahzed as follows

6C-+3 0,=6 CO :
- 2Fe; O3F+6 CO=2 Fe; 46 CO:

" The gases that pass off are high enough in heat value
to be uised under boilers and for heating the regenerative
stoves for the blast. These stoves are steel shells about
twenty feet in diameter by a hundred feet high, filled with
brick checkerwork. They are alternately heated with the
gas and then “thrown i on the blast line. The cold air
from the blowing engine for a time is heated to about
1300 degrees F. while passing through the checkerwork
but when the stove has cooled so that ‘the blast is no
longer as hot as de51red the air is passed through another
stove and the cool ‘one is agam heated with the gas from
the furna.ce “The heated blast is led through brick lined = -
p1pe to the tuyeres where it enters the furnace. The blast :
pressure in'the more’; o’dern plants is from 20to 25 pounds
per square uich d is developed in large blowmg eng1 es

‘ The furnace i is kept nearly full of carefully proportlo
charges of coke, ore and limestone. This column ‘slowly
* travels downward as:the- coke below is ‘cotisumed, being
heated asit approaches the “Bosh? by the-ascending
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gases. 'The ore is also acted on by the carbon monoxide
so that most of it has been reduced by the time the com-
bustion zone in the “Bosh” is reached. Here the heat is
intense and the iron and slag melt and trickle down to -
collect in the hearth below the tuyeres. '

* Their great difference in specific gravity separates the
iron and slag into layers, permitting the withdrawal of
.iron through a hole or notch at the bottom, and the slag
through another notch higher up. Both of these notches
are usually plugged but as_often as the slag level rises to
approach the tuyeres, the cinder notch is opened and the
accumulation of slag flows out into a receiving vessel.
At less frequent intervals, five or six times a day, the iron
notch is opened and the furnace drained of iron. The
molten metal is either caught in large ladles, to be carried
to the steel plant or pig casting machine, or it is led out
into a series of pig molds that have been made in a sand
bed in front of the furnace. The arrangement of these
molds, a long channel with shorter and narrower channels
opening into it on one side, suggested a litter of pigs at".
lunch time to some old Englishman and his terms of sow
for: the main channel and pigs for the shorter ones, are
~ current today.  On solidifying the pigs and the sow are
. broken into convenient sizes for handling. The term
~ “Pig Tron” is usually taken to mean the product of the
blast furnace and “Cast Iron” the product of the foundry.
These terms are used somewhat indiscriminately, though,
_and rightly so because the function of the foundry is not
. to alter the propertles of the pig 1ron but to form it into

'useful shapes

- Iron has- never been produced in an absolutely pure
state except by the most careful laboratory conditions. - At ‘
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* high temperatures, it has a strong tendency to alloy with
many of the non-ferrous substances which are present in
the fuel or ore and ‘these naturally are retained in the
cast iron. They are not to be regarded .as injurious im-
purities because each has its peculiar modifying influence
on'the metal, ‘and it is only through the intelligent control
of these effects that the foundryman produces the desired
qualities in his castings. -~

~ Steel and wrought iron, the two other commercial forms
of iron, are both made by reducing the non-ferrous con-
 stituents of pig iron to a desired minimum. This elimi-’
nation  is -accomplished through: treatments that cause
these elements to separate from the iron and form gas or
a slag. - In steel makmg these new substances are formed in
a molten bath of metal and are either burned out or being
hghter than iron, float to the surface to be skimmed off.

For wrought iron, the slag is formed while the metal is at =

a pasty heat, and is removed from the resulting mass by
kneading. Each of these meétals exhibits distinct physical
characteristics that are modlﬁed greatly by the presence ’
of such non—ferrous elements’ as remain.

As compared W1th cast iron the most marked changes
caused by these conversions are the i increase in strength,
ductility, and forgmg propert1es while losing the original
granular structure. - At the same time wrought iron com-
pletely loseés its typlcal quahtles if ‘melted, and steel cast-
ings are only: used in limited services. Cast iron readily
lends itself to being formed into intricate shapes, and to
this owes its chief value for the foundryman. Cast iron
pipe has also shown a _greater resistance to corrosion than .
has that of either steel or wrought iron, which is also a
valuable asset where 4 permanent: 1nstallat10n is desued

11
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THE EVOLUTION OF PIPING

- SECTION 2
THE EVOLUTION OF PIPING

HE modem gas and water supply systems can trace

t_he history of their development to pre-historic times. .

" “The use of gas, of course, is comparatively new, -
beginning during the last years of the eighteenth century
-but its close relation to the earlier experiments of the
water-works engineer is in that both services need a cheap,
strong and durable conduit. Cast Iron Pipe, the first

. material to meet these requirements, had become avail- .
able through improvements and economies in metallurgy
made during. the eighteenth century. Its present popu-
larity is due to the splendid service which these original

and later lines are still giving.

The most ancient civilizations originated in the ﬂat
plains of the Euphrates and the Nile and extensive net-
works - of ‘cana.ls_were’ dug leading out from the rivers.
Probably these channels were the earliest efforts toward
diverting water from its natural course, though they seem
to have been moré for irrigation than for domestic supply:

= - In the cities the populations were dependent on the water

carrier, who filled his jars and skin bags from the springs,
or wells around Whlch the first inhabitants had settled. '
These conditions i in defiance of all laws of sanitation must
have ‘caused many such epldermcs as was prophesied by
Moses for the Egyptlans ‘A’ more apparent defect in
such a systeri ‘was the ‘danger to which an insufficient -
water supply exposed the city during a long drought or .
‘a-siege.  With' the advancement in culture we are not

13 -
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of the classical Greeks and Romans, The other forms of
early conduit were pipe made of wood and lead, masonry

-channels, pierced stones and tunnels. ¢Very good examples

of the last two mentioned were found at Jerusalem datmg
from the time of the Judean kmgs One of these, an
inverted syphon across a marsh, is a series of masonry
covered stone blocks through Whlch fifteen-inch holes had
been dug. The other is the seventeen-hundred-foot tun-

nel connecting the Virgins Pool with the upper Pool .of

Saloam. An old inscription on the tunnel wall states

_ that it was driven from both ends. Though no mention’

is made of the fact, it was shown by recent examination

~ -that the two parties nearly missed each other.

In thejr distributing lines the Greeks and Romans both
made use of pipe of the various materials and the more
highly developed systems of the Latin cities contained
large quantities of that made from both wood and lead.
The short life of the wood pipe, the breaks in- the clay
lines and the high cost and poisoning where lead was
used, must have given continuous trouble. But, repre-
senting as they did, the most suitable materials known to
engineers, the use of each was an important step toward
our modern practice. : :

The best known achievements of any of the ancient
water works engineers were the aqueducts leading into
the Grecian and the Roman cities, both from the size of
the undertakings and the present state of their ruins.

The Greeks used the tunnel almost exclusively.and
with great skill. Some of their most brilliant feats were
the exght-foot—square tunnel, forty-two hundred feet long,
which the engineer Polycrates drove through the solid
rock at Samos, passing an Athenian tunnel twice under the

15
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River. Illissus and-at one point carrying the conduit into
Syracuse -under the sea. The water usually flowed
through the tunnels in clay pipe though channels in the
rock floor were also used and occasionally a line of pierced
stones cemented together Little is known of the en-’
gmeenng methods employed in establishing the carefully
adjusted grades and lines of these tunnels. Generally,
shafts were dug at short 1ntervals, possibly as guides to
the working parties, as vents, of for decreasmg the dis-
tance each face was driven.

_The Roman engineers inherited the engineering experi-
ence of the Greeks and were able to carry it to a much
higher state of perfectlon The preference for vented
tunnels was still marked, 304 miles of the 359 miles of

conduit leading into Rome being under ground. A por-
tion of this was of- sheet lead pipe, which was coming into
more common use, but the major portion was rock cut
or masonry-lined tunnels. - The syétems stretched out to
more distant water sources which called for much greater
precision in . estabhshmg the grades. ~But it was in the
manner in which the conduit ‘s‘panned the subgrade areas
‘that the greatest advancement was shown. Massive
‘stone arches were built in tiers from hill to hill, surmounted
by a water channel of well jointed stone blocks. This
course or specus continued the gentle slope of the tunnels
which it connected to make a constant gradient where
" inverted. syphons would otherwise have been needed.
,On occasmns such: syphons of lead or bronze pipe were

"s 'ndard practme The earlier aqueducts are rather
. '_:hea.vy and clumsy, giving an impression of unnecessary

: :mass of material. Many of the later ones show a grace-.

16 .
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" ful use of arches that leaves nothing to be desired and
still stand as some of the most perfect monuments of the
ancient designing engineer. The Pont du Garde at Nimes,
which is often referred to as an excellent example of the
ornamental effects which they achieved. Ruins of many
such installations are scattered throughout the old Roman
Empire, monuments to the thought and labor which they.
gave to their water supply. At convenient points in or
near the city, the water from these systems discharged
into reservoirs or pools and was carried in pipes from

there to the point of use. The poorer people were sup-
plied by neighborhood fountains, though the residences
and palaces of the richer classes enjoyed an individual
connectlon as we do today

These are the various expedients tha.t were tried by
the water ‘works’ engineers- down through the first few
centuries of our-era. The cities that sprang up in Europe
during the middle ages turned their attention more to.
distribution systems and- extended the use of the net-
works .of mains much as we use today. Pipe of the old
Roman materials, clay, wood, lead and stone, were installed
with varying success, but more extensively than ever
before. The growing application of the principles of -
mechanics to the problems. of every day life led to many
© improvements in pumping machines, driven by water
wheels. This, with the increase of wealth of the common
- people, permitted expansions in residence supply lines and
a general demand for more modern conveniences. - London;
typical of such cities, experimented with pipe of stone,
wood, cast lead and “Red Earth, baked” as early as 1235.
In 1609-1613 Sir Hugh Myddelton built his boarded aque-
duct, the “New River,” and laid over four hundred miles

17




"CAST IRON PIPE HANDBOOK

of new wooden mains in addition to the pipe already in-
stalled. A water power pumping plant had been built at
London Bridge in 1582, and the city, no doubt, considered
herself equipped with a highly efficient water system. Yet
defective piping was giving constant trouble. The wooden
pipe leading from the pumps could not withstand the
pressure required to force water into the upper stories of
‘many houses and its rapid deterioration gave it an average
life of only twenty years. In addition, the great fire of

Section of a Pipe from the Distributing Mains at Versailles
After 250 VYears of Service

1666 destroyed quantities of both lead and wood pipe at
the time when it was most needed. '

We can imagine, therefore, with what interest was
- watched the experiment with cast iron pipe that was
being made at Versailles, Unfortunately, when this line
was begun (1664) the production of iron in England and
most of Europe ‘was in the hands of a powerful group of
furnace men. They controlled prices and production
through ownership of the forest where charcoal was burned
and had crushed Dudley’s attempt to make cheaper iron
with coke in 1619.- So it was only after Darby had

18
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established a coke iron industry in 1738 that cast iron
pipe could be afforded by the water works companies.
Immediately cast iron mains began to be insta.lled by
many of the more progressive cities.

The joints of all these earliest lines were of the bolted
type, with lead gaskets, and some trouble was expenenced '
through the rusting of bolts. This difficulty was over-
come by Thomas Simpson, engineer of the Chelsea Water
Company, London, who, in 1785, invented the bell and
spigot joint. It was used for the first time soon after-
wards when that Company relaid a forty-five-year-old
line whose joints had ‘“perished.”. Thus was developed
the bell and spigot cast iron pipe that has been used so
extenswely ever since.. Many of the original lines are
still in use, apparently good for many centuries more of
service.

Most of the c1t1es of this country are young enough to
have planned , their piping with modern materials and -
design. Some of the older towns went through very dis-
agreeable experimenfal stages. before building the finest
type of systems in the world. Undoubtedly, New York .
has the greatest of these. Alseries of yellow fever epidemics
following the Revolutionary War showed the necessity
for more sanitary conditions. An unusually severe one in
1798 caused a group . of the more prominent citizens, -
headed by Aaron Burr, to make plans for thé water works

- installation which was chartered in 1799 as the Manhattan

Company. Wells were dug at various points and the water
was pumped through the city in bored pine logs. Phila-

. -delphia was also laying a log pipe system at the same

time, but after a number of breaks ordered some cast iron
pipe from England. Her experience with these were-so

19
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satisfactory that New York followed her example and
Baltimore imported Cast Iron Pipe for her new gas lines.
Its superiority over other materials created such a demand
for it that in 1834 a foundry was built at Millville, New
- Jersey, to supply the neighboring cities. This was the
- beginning of the important cast iron pipe industry of that
district and the United States.

With its rapid growth, New York soon found the
capacity of the local wells to be inadequate. Agitation

Flange from a Philadelphia Pipe Line Laid in 1817

for relief became so insistent that in 1834 a fifty foot dam’
was begun on the Croton River, some forty miles away
from the city. An aqueduct was also built, largely of the
cut-and cover type. -Cast iron pipe was used in portions
of it, bringing the water over the stone arched “High
‘Bridge” across the Harlem River and then on into the

20
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city. . This system came into service in 1842 des1gned to
supply 36,000,000 gallons daily.

By 1880 the system was being forced to 95,000,000
gallons a day and additional water was needed. A second
storage reservoir was built in the Croton water shed and
another aqueduct, increasing the supply by 300,000,000
gallons daily. This relief again proved to be only tem-
porary, and in 1905 the Catskill Aqueduct Commission.
was authorized to provide a new supply of water from the
Catskill Mountains. - Beginning at the Schoharie Reservoir
the first eighteen miles of this system is spanned by the
~ Shandaken Tunnel, the longest continuous tunnel in the

Pipe’ Cé.st in Early Amgriéart Fouﬁdry after 93 Years of Service ‘

world. :Thfough it are brought some 300,000;000 gallons

of ‘water to the great reservoir created by the Ashokan - i‘

dam. - Suppleriienting the:local supply from the Esopus
Creek drainage area a reserve of 130 billion gallons is
impounded here to be drawn off by the aqueduct to the
Kensico Reservoir, ninety-two:miles away. A large por-
tion of this distance is traversed through a reinforced’
concrete channel, 241 square feet in section, the valleys
being - crossed by syphons or pressure tunnels. The
most remarkable of these, the Storm King Tunnel, was
driven three thousand feet through solid rock at a depth
of eleven hundred feet below the Hudson River. From
the Kensico Reservoir the water flows to the. equahzmg

21
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reservoir at Hill View and thence by deep pressure tunnels
to the various boroughs of the city. This system has been
.in operation since 1917. It furnishes a dependable yield
of 600,000,000 gallons per day. ' o

Staten Island, in addition to ten or twelve million gal-
lons from local sources, receives its supply of Catskill
water through two lines of flexible joint cast iron pipe
36 inches and 42 inches in diameter, passing under the
Narrows. The watershed on Long Island can furnish
about 120,000,000 gallons for use in the-Boroughs of
Brooklyn and Queens. When all water works under con-

Earliest Cast Iron Gas Pipe after 80 Years of Service in Baltimore

struction are finally completed New York City will have a
daily supply of over a billion gallons and a storage capa-
city of nearly three hundred billion gallons. - While these
figures and the cost of such projects are almost beyond
conception, it has permitted New York’s six million in-
habitants to now have a per capita consumption of 131
gallons daily (789 million total), and at the rate of thirteen
cents per thousand.  The importance of cast iton pipe
in such a development may be appreciated from the
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fact that at the end of 1921, exclusive of fire line piping,
3,067 miles of cast iron mains had been laid in the City
of New York in sizes ranging from 4 inches to 60 inches.

A study of the coking process showed the possibilities
of generating gas from coal, and in 1792 Murclock intro-
duced it for lighting in London. The cheaper bored logs
were first tried, but these were soon replaced with cast
iron mains. Since then cast iron pipe has been used for

View of Early Pipe Foundry

nearly all the gas piping that has been laid in Europe
or in the United States. '

Since the introduction of Cast Iron Pipe, many sub-
stitutes of various materials have been offered. Some,
after trial, have failed, some are accepted only as a cheap
material and only a short life is expected, while others
are still so recent that their life and performance cannot
be judged as compared to the many old cast iron mains
now in use. A specific comparison of these materials is

. covered in another chapter of this book. So far Cast

23
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Iron has been the only material specified by the Standards
of the American Water Works and American Gas Asso-
ciations, and it has met in performance the exacting ser-
vice which this implies.

24
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SECTION 3

MANUFACTURE OF CAST IRON PIPE
AND FITTINGS

HE manufacture of cast iron pipe had its origin
about the year 1660, in some forgotten French
foundry, for pipe lines to the fountains at Versailles.
The underlying principal of the process, the introduction
of molten cast iron into molds, where it solidifies into the
desired shape, is the same today as it was then; but
where formally hand labor was used exclusively and

_technical control was unknown, now the most modern

machines of the electrical and the mechanical engineer

. are utilized and the whole operation is guided by one of

the newest of sciences, metallurgy. An unusual type of
plant design has been developed in the industry to per:
mit the vertical casting of pipe twelve and sixteen feet
long. This requires very heavy and expensive equip-
ment, the cost of which is prohibitive unless used to
maximum capacity;: consequently; - the manufacture of
cast iron pipe is essentially a system of mass production
ranking among the largest foundry operations in the iron

industry.

The heavy initial investment in such plants limits the
manufacture of cast iron pipe to companies with large
financial resources that can take advantage of economical
developments and offset with more efficient machinery the
constantly rising cost of labor. The sharp competition
between modern plants has prevented the manufacturing
extravagance and waste that often is passed on to.the

25
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-customer in the price, so that today water and gas pipes
are the cheapest commodities made of cast iron to en-
gineering specifications. To the users of cast iron pipe,
the large units have also meant manufacturing capacities
well able to meet the emergency demands of construction
work, and an assurance of quality that comes only with
supervision by a staff of metallurgists and engineers
beyond the means of a smaller foundry.

The most striking feature of the industry that has per-
sisted throughout its whole history is the unsurpassed
fitness of cast iron pipe for conduits. It is often men-
tioned in the trade that the first cast iron pipe line has
been in continuous use since its installation; but of even
more importance to the manufacturer of cast iron pipe
is the knowledge that through the long period since its
introduction no substitute has yet been offered to check
the increasing use of cast iron pipe, nor has any material
given so satisfactory a combination of qualities to resist
the conditions to which conduits are subjected. .

With the fact established that cast iron pipe has an
almost indeterminable life, the problem of the manu-
facturer for many years has been to produce pipe with the
best combination of physical properties and to eliminate
the causes of defective workmanship that arise wherever
the human equation enters into the process.

Cast iron pipe was originally made in horizontally cast
sections, four to five feet in length. The mold or cavity

" into which the molten iron was-poured was formed in two
boxes of damp sand, each containing an impression of
half the outer circumference of the pipe, and by closing
- these two half molds around a core whose diameter was
that of the pipe bore. The core was supported and held

4
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concentric by tight-fitting extensions of the mold proper,
the shoulders formed by these extensions being the end
walls of the mold. An opening was made at some point
through which the metal could be poured. The core was
a cylinder of sand, reinforced with iron rods, and, naturally,
the limit in length of such molds was the extreme length at
which the core would support itself without deflection.
Any sagging in the middle of the core would cause’eccen-
tricity in the mold and a corresponding thin place in the
pipe wall. Another objectionable feature ‘of this meéthod
was that any sand or slag washed from the mold surface by
the flowing iron would tend to float in the heavier metal
and would collect in a streak at the highest point in the :
circumference of the pipe. But, with the limited experi-
ence of the early foundry men, this pouring position was
used some hundred and fifty years until the ‘advantages
of pouring “on the bank” were discovered.  In this
method the mold was formed as before, but before pour-
ing one end was raised so that the foreign substancés
would segregate at one end only, where their effect. would
not be so apparent. The tendency of the core to deflect
was not so great in this position, and that permitted an
increase in length to nine feet. The next change in

‘pouring position came some fifty years later (about 1850),

when the present method of vertical pouring came into
use. . By this means all tendency for the core to sag was
removed, the elimination of sand and slag from the
body of the pipe was made much more positive, and the
commercial length of cast iron pipe was increased to

twelve, and later, -also, sixteen feet. . In this way we may .

now cast iron pipe, knowing that they will be free from

" defects that were once, no doubt, quite common.
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"+ The control and improvement-in the physical properties
of cast iron were made possible through the discoveries
within the past fifty years, that the strength, resistance
to shock; machinability and other qualities of the cast-
ings-are largely affected by the. presence with the iron of
non-ferrous:elements.. A study of these effects has been
the: chief activity: of the foundry metallurgist, and by
them he is able to select only such iron as is best suited

. Storage of Pig Iron

for his class of work. “As an example of the value of such -
Tesearch, it is well known that the presence of phosphorus
'i$ ‘desirable within certain limits, but that an excess of
this element causes-the casting to be extremely brittle,
and for that reason pipe. with high phosphorus content
is liable to breakage under the shocks incident to in-
~ stallation and service: - Fortunately, most American’ pig
irons are-well-within the margin of safety on phosphorus,
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and those that ‘are too high are not used by the pipe
maker. Experience has shown that phosphorus should
not exceed one percent as a maximum. - .

. Crude cast iron is known as pig iron, from being cast
into short bars or “pigs” at the blast furnace where it
is reduced from the ore. . It is graded by its content of
non-ferrous elements, but as these commercial grades
cover wider ranges of these elements than is permitted
in foundry practice, it must be .sorted at the foundry
according to its analysis and blended to prevent .exces-
sive variations. The more important of these controlling
elements are carbon, silicon, sulphur, manganese and
phosphorus, all of which are in either the ore ‘or the
fuel, and are -absorbed by the iron while bemg smelted
in the blast furnace.

Carbon'is taken up from the fuel, usually to the extent
of about three and one-half percent in all grades. Slhcon
and sulphur are present in relatively large quantltles, as

- impurities in the ore and the coke and the amount of
their absorptlon is regulated in‘the blast furnace operatlon
‘These two elements are used for the commelclal grad;n_g
of pig iron, premiums being paid for higher silicons and
lower sulphurs. The standard foundry grades range from
one and a quarter petcent to three and a quarter percent
for silicon, and up to a maximum of about six-hundredth of o
otie percent for sulphur. The manganese and phosphorus
'con_tent of the iron is due to the occurrence of these ele- - :
-ments in the ore, so their proportions are regulated
through the ore supply. For foundry pig iron in general
the amounts of each will fall between four-tenths and -
oné percent, though, at any one furnace with uniform

29



- CAST IRON PIPE HANDBOOK

ores; the percentages of these two elements will be almost
constant in all commercial grades.

As it cools and solidifies, these elements eithér break
their chemical bond with the iron, and separate as non-
ferrous masses in the metal, or remain as a céinbination
with the iron similar to an alloy. Carbon may follow
either of these courses, forming in flakes of graphite
interspersed through the casting, or retaining its alloyed
condition as a carbide of iron. With a separation of all
the carbon as graphite, a soft granular metal is obtained,
~ but so divided into cells by the graphite as to have little
strength. Or, if the carbon all remains in the combined :
form; the castings will be-too hard to be machined, and,

. therefore, only suitable for special classes of service.

‘Between these extremes are the gradual changes in the
ratio of the two carbon COIldlthIlS, that give increase
in strength and hardness as the proportion of graphite
. becomes smaller, accompanied by a decrease in the size
- of the graphite flakes themselves.

One of the most effective agenc1es in determining these
final proportions is the rate at which the casting is cooled,
Bulky, slow-cooling castings have a much more open
grain and larger percentage of graphitic carbon than
smaller castings of the same analysis.  In special cases,
such as chilled car wheels, all of the carbon in wearing
surfaces of the castings may be retained in the combined
state by using metal blocks in parts of the mold to-cause
quicker cooling than would be obtained with sand. But
as the size of the casting is determined by its purpose, as
well ‘as the extent to which strength, hardness; elasticity,
and ease of machining must be given relative importance,
other-means must usually be used to mﬂuence the carbon
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- condition.and the physical properties of the metal.  This
is accomplished largely through the amounts of silicon .
and sulphur present in the pig iron; increases in- silicon
causing increases in the tendency for. graphitic carbon to.
form, and increases in sulphur producing the opposite
effect. By balancing these two effects against the nature
of the casting itself, similar properties may be given to -

- different castings, though widely varying in size. Man-
ganese and phosphorus have somewhat more complex
reactions. Manganese has a strong affinity for sulphur
and will unite with it to form a manganese sulphide that} 7
is without influence on the state of the carbor n ‘

Way, by. decreasing the amount of active sulphur, Hians |

ganese has an indirect effect of increasing the graphitic -

carbon. But as its direct effect is to toughen the metal, ’

and to increase the combined carbon, the amount’ of man~ :
ganese present must be.considered in’ determmmg the
silicon-sulphur ratio. - Phosphorus is usually considered
more for its influence on the fluidity of the molten metal
- and the brittleness of the casting. Rapid pouring is essen- -
tial so that the metal will not begin to solidify before the
mold is filled, and thisis facilitated by the increase in fluid-
ity given by phosphorus. With excessively high phos-
phorus, though, the iron is liable to be brittle, with a
resulting low resistance to shocks.” For this reason, while
its presence is desirable within limits, pig iron must be -
selected that will not-exceed a desired maximum.

. The actual pipe casting operation is divided into three -

departments meltmg, casting, and cleaning and inspec-
tion, so the plant is designed with this in view. The

pr1nc1pa,1 building is the foundry, a one-story structure to. .-

P’

- support the heavy cranes and to house the equipment and
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molding pits. At one end or side is the two-story cupola
house in which are located the cupolas used to melt the
pig iron as it is brought from the adjacent storage yard.
The cupolas themselves are just at the edge of the foundry
so. that the molten metal can be lead from them through
gutters into ladles that are served by the foundry cranes.
As soon as the pipe is cast, it is rolled out at other points
around the foundry into.the cleaning sheds, where it is
cleaned, coated and tested. These three departments are

Cupola éharging Floor .

under the supervision of the metallurgist, the foundry
superintendent, arid the chief inspector, respectively;
though, naturally, there is a great overlapping of duties
and co-operation between these department 'hea‘ds.

The cupola is a steel shell, usually about eight feet in
‘diameter, and forty feet high, lined with a twelve inch
fire-brick wall.- The bottom is sealed and a hole through -~

P < K e
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the wall just above it opens into the gutter for the .esca.pe
~ of the iron as it melts. A short distance higher another
hole is pierced for the removal of the slag, and still higher,

about three feet above the bottom, a full circle of openings
are arranged through which the blast of air is forced. At
about half its height, a door in the cupola opens on the

'second story of the burldmg for the charges of raw ma-
 terials. - Above this

oinit, the cupola serves as.a ‘draft
stack to . prevent th‘,_”,, hot ga.ses blowmg out through
the door -

After a bed of coke several feet: thlck has been hi Wn
in and 1gmted the cupola. is filled to the door Wlth ,_lter-
nate charges of coke, p1g iron and hmestone The'

1ron begrns to ﬂow out. ‘As the
the iron at the bottom is reinoved, the column
and fuel is replemshed through the door untrl a:su
quantrty has been charged.. The: .charges are made up
from: Welghed fractions from the variou:
and are usually brought to the ‘cupol; platform one ata
txme, asneeded. A réportron of: scrap-cast iron is; mrxed
with - the plg, ongmatmg ‘either ‘from defective. castmgs‘
and runners’ in’the foundry or from- out51de sourees. -
When used so thatthe proper analysis of the metal is
.obtained, scrap iron has no injurious effects on the quality
of the castings, as the function of the cupola is merely
to melt the iron and not to change its properties. .Lime-
stone is charged with the ‘pig iron to render more fluid
the pasty mass: of slag formed from the ash in the coke
and the foreign matter adhering to the iron, and to per-’

* mit its- easier removal at’ the slag' hole. Up until the
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last- few ‘years, all charging was done by hand, butof
late many foundries have installed mechanical charging
machines with excellent results.

.The floor plan of the foundry is divided into rectangular
or circular. pits, in which the molds are rammed. and

Tapping a Cupola

poured. These trenchlike units vary considerably in size
in various shops, but to-give some idea as to their-dimen-
sions, they may be said to average about a hundred feet
in Jength, eight to ten feet in width, and to have a capacity

e
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‘of fifty to seventy tons of pipe per day. Their depth is

‘such that only about three feet of the mold length extends

above the floor level, which permits the floor to be used
as,a working platform convenient to the top of the long

* flasks. The shape of the pit is made to conform to the

moverent -of the crane; circular. pits being used with

revolving jib cranes, and rectangular p1ts with bndge . |

type travelers..

.Two variations in. molding- practlce, the up socket”
and the “down: socket * are now.in general use; so named

" Interior of a Modern Pipe Foundry

Afrom the posftion of ‘the socket or bell in the mold.
‘Engineering Society specifications require all pipe larger

in diameter than sixteen inches to be cast with the bell
down, thesmaller sizes being cast up socket or. down

socket at the manufacturer’s discretion. The high tem-
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perature ‘of molten iron has.a tendency to destroy the
cohesiveness of ‘the sand mold and to cause it to dis-
integrate.. This "cutting action is not apparent’ with
smaller volumes of metal; and the more rapid solidifica- -
tion in the thin sections of lighter pipe. ' So no preference
is stated for sizes in: which experience has ‘shown either
method to be safe. In heavier pipe, though, spongy,
dirty castings might occur from sand having been en-
trapped in the metal and floating to the upper por-
tion of the mold. This danger is eliminated by mak-
ing an extension in the spigot end of the pipe, which
- is then.removed. to-leave a perfect. castmg .The mold-
1ng methods' are s nearly 1dent1cal for both bell posi-

conta.mers or ﬂasks, Whose 1ntenor walls are shaped some-
what like the: pipe i itself. - Two side castings are. bolted
or clamped together to form one, two or three vert1ca1

en -  at the top ‘but part1ally closed at the bottom' by a
ird: castmg called the ch111 ‘late In the. p1cture a

opp051te has the patte};gikm %ace with the sand rammed
around them in the left-hand chamber, and the cores
assembled in the mold as for pouring on the 1=1gf}1t. A
conical-hiole-is machined in the ¢hill plate for each mold.
chamber to ‘support the barrel pattern and aline it con-
Centrically ‘with the flask walls.: . The barrel pattern dis
a'sttaight metal cylinder with a ‘tapered seat at oné end
‘to fit"the chill plate; ‘and handling rings &t ‘the other:
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All patterns and mold dimensions are made about one
percent larger than the finished size of the casting to
‘allow for the shrinkage of the mietal as it cools. '

- Usually some one point on the pit is used as a ramming
station, to which the empty flasks and molding sand are
brought to be rammed. Rubber. rings:are slipped around

the lower ends of the patterns to form the bead contour,

and the patterns, one to each chamber,-are lowered through
the flask onto the chill plate. Damp sand is then thrown

in at the top between the pattern and the flask and is

packed firmly in place to give a mold wall some three
or four times the thickness of the pipe section. Numer-
ous mechanical means for packmg the sand are in use,
to replace the older method of hand ramming, but as
all of these produce the same results no- especial merit
can be a551gned to any:one; method so far as the finish
of the .pipe is concerned. : When ‘the flask has been
rammed neaily to the top, the bell pattern is positioned
over the barrel pattern and i more sand:is rammed around
it until the mold is full. - The barrel patterns are with-
drawn by ‘the crane, leavmg the bell patterns and bead

rings in the mold. - These ‘are removed -and the mold -

surface is covered with a Wa?h of coke or coal dust, which

prevents the sand. being in direct contact with the metal

and fusmg to it.. The completed mold is ‘then carried
to the drying oven and an empty ﬂask takes its place at
the ramming statlon

* These ovens are bu1lt in the bottom of the pits W1th
heavy cast iron covers on which the molds are placed.
Hot gases pass uputhrough holes in the cover plate and
chill plate and bake the mold until it is thoroughly dry.
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The molds are then quite hard, sufficiently so to_With'—
stand the attrition and pressure.of the fluid metal.

While the molds are being rammed and dried in the
pits, the cores are being prepared in another part of the
building. A pipe, drilled at close intervals with small
vent holes, is supported horizontally by bearings at each
end, and is given a coating of coarse paper, straw or
excelsmr while being slowly revolved. ~On this coating
a layer of clay and sand is daubed, ~and. then. brought
to a cylindrical shape by turning agamst a knife ‘edge;
It is painted with a wash similar to that put on the mold
and i is placed in an oven to dry. The head ‘coré for thé
inside of the bell and the top of the mold, is made of a
mixture of sand, clay and some adhesive substances llk?
molasses or tar. It is formed in a box which ‘can ‘be
removed, .and after bemg blacked, is also baked ;

After the mold and cores. are dry: they are ‘ready for
assembling. - The barrel core is lowered through the mold
carefully so as not to injure the surfaces of the miold ot
core and is seated in the conical: oDemng in the ‘chill

plate. One end of the core has been made to fit there

so that it not only supports the weight of the core, but
also insures the core being centrally located with the
mold as well as preventing any leakage ‘of the molten
iron. -The bell core is then placed over the barrel core”
and brought down against a shoulder molded forit by
the bell pattern. This forms the upper end of the pipe
and bolds the barrel core concentric at the top, as does
the conical seat at the bottom. ~ A runner basin is formed
at the top of the flask by the mold walls extending above
‘the head core. When pouring, this basin'is kept full of
-metal, so that the iron may be fed into the mold from
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the bottom of the basin and any slag or sand will float
on the surface without. entering the pipe.  Small holes
are made around the head core for this purpose The
iron solidifying in the runner is removed from the pipe
and remelted the following day

‘As soon as a group of molds and cores are assembled
iron is brought from the cupola in a ladle and the molds
are poured In a short tlme ‘the iron sohdlﬁes, while at

-Core Making Showing Core Bar with Paper Wrapping

the same time the heat penetrates the sand coating on
the core and: destroys the paper or- -excelsior wrapping.
This permits the core bar to be withdrawn so that the
_cooling 'pipe can. contract without ' developing strains.
After. cooling until quite black; the flask is lifted -out of
the pit and is suspended horizontally with one clamped
edge down, over a rail runway: - The: clamps are knocked
off and: pipes roll out, the sand falling between them into
a bini At intervals the sand is taken up, redampened,
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and carried to the ramming station to be used again.
The runway leads out under the long cleaning shed.
The_ sand from the bell is rapped out and the sand re-
maining from the barrel core and on the outside of the
pipe is removed. Scrapers and polishers are worked over
the inner and outer surfaces, and .the pipe may then be
washed to remove any dust that might affect the coating.
Each workman examines the pipe for defects as he per-

Dipping Pipe

forms his portion of the cleaning, and such pipe as they
pass are then given a careful examination by the plant
inspector. After being cleaned, the pipes are rolled into-
an oven where they are heated to about 300° F. At this
temperature they are dipped in a vat of tar and oil coat-
ing and are then placed in an inclined position to drain. -

- The next step is the hydrostatic test in which the pipes
are brought, one at a time, into a testing press and sealed
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with flat gaskets forced against each end. They are then
filled with water and the pressure is brought up above
the test point, which is usually three hundred pounds.
While at this pressure the pipe is rapped sharply with a
hammer to give a shock test under the static load. From
the testing press they are rolled onto the scales, the
weight.is stencilled on the bell and recorded drd the pipe
is ready for shipment.

The fittings or special castings used with cast iron plpe
are made in a different department from the pipe, and

Hydrostatiq Press for Testin'g Large'Cast,' Irqn Pipe

- by methods more nearly resembling those usually en-
countered in’ grey iron foundries. In fact, in-the past, a
number . of general foundries in various parts of the
country have supplied fittings in their localities ‘to be
uséd with pipe furnished by standard pipe manufacturets.
This practice seems to be losing favor with the en-
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* gineers, however, because of the delays due to an incom-
_plete line of patterns, and the poor workmanship from
lack of skill on such castings. The heavy expense -of
replacing castings, once installed, is also seldom realized
by foundrymen inexperienced in the water-works field,
“and fittings have often been shipped out and put into

Moldirig-Machine for Making Fittings

service that would have been rejected by the pipe shop
inspector. e ' o
Most of the smaller sizé fittings dare made with solid
patterns and core boxes in damp or “green’” sand molds. .
The manner of molding is determined by the shape of the.
~ casting, as the mold must be parted so that the pattern
can be removed without disturbing the sand surfaces.
The flasks are conveniently shaped frames with cross-

an
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bars to support the sand. Hand ramming still plays a
very important part, though molding machines of various
kinds are used extensively. The picture shows one type
of these machines, mounted with a six-inch tee pattern.
One of the flasks piled in the background is placed over
the pattern shown on the left-hand side of the machine,
and-is filled with sand. An air cylinder underneath the
pattern plate raises and drops the pattern and flask with
sharp blows until the sand has packed tightly in place.
Another cylinder, through arms underneath the pattern
plate, swings the flask and pattern vertically to the
right side of the machine, where the mold is shown in
the cut. The pattern is then withdrawn from the mold
and swung back to its former position, leaving the mold
ready to be carried to the pouring floor. - Just back of
the-machine is shown the core box. A special reinforcing
rod or arbor is placed in one half of the box, and both
halves are packed with sand. The box is then closed
and one half is lifted off, leaving a firm’ sand ‘core shaped
as the inside of the tee. It is lifted out by the exposed
tips of the arbor and placed on the supporting shouldérs

“prints’ formed- at each bell or spigot opening in the
mold. The prints fit the core snugly so that when the
upper half of the mold is placed over it, it is held firmly
in position and no joints are left between it and the
mold through which the iron may run out: Two open-
ings are made into the mold from the upper 'surface of
-the flagk, the gate into -which the iron is poured, and-
another which serves as an index when the mold is full
-and permits the air in the mold cavity to escape as it is
replaced by the iron. Before closing the mold, both the
mold and the: core ‘are -covered with graphite or some
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other refractory material so that the sand will not fuse
to the iron.

Tees, crosses, and bends up to the twelve-inch sizes are
all made very much as described for the six-inch tee.
Above this size it is usually more economical to use less
expensive pattern equipment even though the molding
cost is greater. Then, too, as the sections increase with
the size of the fittings, dry sand molds must be used,
and numerous vanatlons of molding practice may be
utilized.

After the fittings have been poured and allowed to cool
in the mold, the sand is shaken out in the foundry, and
the casting is carried out to be cleaned. Most of the
smaller castings are placed in a steel drum where, with
slow revolving, they tumble against each other until all
adhering sand has been rubbed off. Those castings not
suited for cleaning in this way are brushed or sand blasted.
All fins and gates are chipped and ground off and the
fittings are heated and dipped in the same coating as is
used for the pipe.

After the pipe and fittings are coated and weighed,
they are given a final inspection, quite often with a
representative of the purchaser collaborating with the
plant inspector. They are then loaded on cars for ship-
ment, and it is worthy of note that the precautions
against rough handling in the field, which are suggested
elsewhere in this book, are scrupulously observed by the .
manufacturer. The pipe are tiered on the cars, usually
by means of a locomotive crane, so that shifting and
damage in transit are reduced to a minimum.

With the loading and shipping of the pipe, the activi-
- ties of the manufacturer end except for the cooperation

.
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known by the somewhat undefinablé term of “service.”
In the pipe industry this takes the form of assistance
in securing favorable freight tariffs and expediting ship-
ments, and technical advice to the less experienced users
of cast iron pipe, and in the solution of unusual problems.
Considerable saving of time and money for the engineer
is often possible through minor changes in-the design of
intricate castings, required to meet local conditions, or
the same results may be obtained through the use of
patterns which the foundry has made at some previous
time. . The service of engineers in the field is also avail-

able, both from the cast iron pipe companies and from
the Cast Iron Pipe Publicity Bureau. These enginecrs
are constantly engaged in the study of corrosion, electrol-
ysis and unusual installation conditions and acting in
liajison between the distribution engineer and the foundry,
endeavoring to simplify the problems of both, through
their observations and research. It has been largely
throtigh the generous cooperation and thoughtful criti-
cism of the users of cast iron pipe that the manufacturers
have been able to make improvements in their products,
and in return the pipe makers offer their experience in
the field with the dual hope that it may be of immediate
assistance, and" also uncover new lines- of improvement
in composition, de31gn, durablhty or finish of cast iron

P1Pe
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METHOD OF READING
SIZE OF FITTINGS

STANDARD FITTINGS ’ SPECIAL FITTINGS
4”

6" 6"

oxoxd 6x6x4

Bell, Spigot and Bell Tee (B-S-B) Bell, Bell and Flange Tee (B-B-F)

6” 6”

¢ v @ ¢

. 6 6x6x4
Bell and Spigot 34 Bend (B. & S.) Bell, Flange and Flange Side

Outlet Ell (B-F-F)

7

6" 6”

4//
6x6x4x4 8x6x6x4

(B-S-B-B)

Bell, Spigot, Bell and Bell Cross Bell, Flange, Flange and Bell Cross
B (B-F-F-B) ) .

4/[

6’, 6//

6x06x4- 6x6x4
Bell, Spigot and Bell ¥-Branch Bell, Spigot and Flange Y-Branch
L (B-S-B) . . * (B-S-F) '

P ¢ K : w
6x4 6x4
Bell and Spigot Reducer (B-S) | Bell and Flange Reducer (B-F)
(Large End Bell) (Large End Bell)

v
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INFORMATION REQUIRED ON
REQUESTS FOR QUOTATIONS

N order to enable the foundries to submit prompt and

‘correct quotations on required piping material it is

suggested that inquiries include as complete informa-
tion as possible. In addition to the usual details regarding
destination, method of shipment and routing or delivery
road, below are listed the more important items of informa-
tion that are necessary for the intelligent consideration
of your inquiry or order. When part of the material is
urgently needed state desired time of shipment.

BELL AND SPIGOT PIPE

Size; class. or pressure; kind of service; Standard,
A.W.W.A.or A. G. A.; Type 1 or 2; coated or uncoated;
length of each pipe, whether 12 feet, 16 feet or 5 meter;
number of lengths required or total length in feet.

FLANGED PIPE

Size; class or pressure; kind of service; coated or un-
coated; number of 12 foot lengths (shop will furnish all
lengths as ordered, no allowance made for gaskets unless
specified); state éxact length when under 12 foot; state
whether Standard or Special drilling.

BELL AND SPIGOT FITTINGS

Size; class; coated or uncoated; type, whether Bell and
Spigot, All Bell or Spigot and Spigot; Standard, whether
~ A.W.W. A, A. G. A. or Special; if Special, sketch should
be sent. : '
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FLANGED FITTINGS

Size; pressure; coated or uncoated; Standard, whether

* American, water, gas or special; if special, sketch should

be sent; state whether Standard or Special drilling.
Note: For special pipe and materials send blue prints.

For standard names of fittings see page 165.
For method of reading fittings see page 47.
For standard of drilling see pages 147 and 149.
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SECTION 4

PRINCIPLES OF -~
BUSINESS CONDUCT ADOPTED .

BY THE
CAST IRON PIPE PHBLICIT}; ]%}JRE%JW
L

THE FOUNDATION of business is confidence which
springs from integrity, fair deahng, efficient service, and
mutual benefit.

II.

THE REWARD of business for service rendered is a fair
profit plus a safe reserve, as commensurate with risks
involved and foresight exercised. ‘

¢

IIIL

EQUITABLE CONSIDERATION is due in business alike
to capital, management, employees, and the public.

Iv. .

KNOWLEDGE—thorough and specific—and unceasing -

study of the facts and forces affecting a business enterprise
are essential to a lasting 1nd1v1dual success and to efficient
service to the public. 2

V.

PERMANEN CY and continuity of service are basic aims
. of the business, that knowledge gained may be fully
utilized, confidence established and efficiency increased.

0
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VI

OBLIGATIONS to itself and society prompt business
unceasingly. to strive toward continuity of operation,’

bettering conditions of employment and increasing the

efficiency and opportunities of individual employees.

VIL

CONTRACTS and undertakings, written or oral, are to
be performed in letter and in spirit. Changed conditions
do not justify their cancellation without mutual consent.

VIII.

REPRESENTATION of goods and services should be
truthfully made and scrupulously fulfilled.

IX.
WASTE in any form—of capital, labor, services, materials,
or natural resources—is intolerable and constant effort W111
be made toward its elimination.

. X.
EXCESS of every nature—inflation of credit, over-
expansion, over-buying, over-stimulation of sales—which
create artificial conditions and- produce crises and de-
pressions are condemned.

XI.

UNFAIR COMPETITION, embracing all acts charactet-
ized by bad faith, deception, fraud, or oppression, including
commercial bribery, is wasteful, despicable and a public
wrong. Business will rely for its success on the excellence
of 1ts own service.
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XII.

CONTROVERSIES will, where possible, be adjusted by
voluntary agreement or impartial arbitration.

XIII.

CORPORATE FORMS do not absolve from or alter the
moral obligations of individuals. Responsibilities will be
as courageously and conscientiously discharged by those
acting in representative capacities as when acting for
themselves. '

, XIv.
LAWFUL COOPERATION among business men and in
useful business organizations in support of these principles
of business conduct is commended.

XV.

BUSINESS should render restrictive legislation unneces-
sary through so conducting itself as to deserve and inspire
public confidence.

Published through the courtesy of the Hydraulic Sociely.
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SECTION 5

AMERICAN WATER WORKS
ASSOCIATION STANDARD

BeLL AND. Spicor Cast IroN PrpE AND FITTINGS
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American Water Works Association
Standard Specifications for Cast Iron
Water Pipe and Fittings

TANDARD SPECIFICATIONS FOR WATER
S PIPE. On May 12, 1908, the American Waterworks
Association adopted a set of specifications for Cast
Iron Water Pipe and Fittings. These specifications in
turn were adopted as the manufacturers’ standard by the.
Bell and Spigot Cast Iron Pipe makers throughout the
country. Another specification in use, less widely, how--
ever, than the American Waterworks Association Speci-
fications, is that adopted by the New England Waterworks
Association in 1902. The latter specifications use outside
diameters similar to the American Waterworks Associa-
tion, but include a wider range of wall thickness for the
many classes provided for. These latter specifications
have been largely replaced by the American Waterworks
Association Specifications.

The adoption of a standard specification for water pipe
has resulted in economy not only in manufacture but also
in maintenance . WOrk When it becomes necessary to
install special castmgs in existing ] hnes laid with standard
pipe, it is not necessa,ry to dig up the pipe to ascertain

jts thickness as it is definitely known before hand. Fur-
thermore, standard -pipe and fittings can usually be
obtained from stock, whereas pipe and fittings made to
special specifications must be made upon order and con-
" sequently there is liable to be some delay in delivery.
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* The specifications as they now stand provide for pipe
for working heads of from 100 ft. to 800 ft., with a different,
wall thickness for each 100 ft. The classes are designated
by letters: Class “A” being for pressures not to exceed
100 ft., Class “B,” 200 ft., and so on to Class “H” for
pressures not to exceed 800 ft. o

The type of joint specified is the Bell and Spigot ]omt
and no other joint has been approved by either Associa-
tion. - The reason for this is the fact that experience has
shown .that the Bell and Spigot joint is best fitted for

“underground use. Pipe with joints other than Bell and

Spigot now on the market is made with a wall thickness
materially less than that recommended by the American

‘Waterworks Association. This pipe, besides having a

joint that lacks the advantages: of the Bell and Spigot
joints, weighs less per foot and will withstand less water
pressure. These pipe are cast “on the flat,” and the
advantages that come from making pipe by pouring the

" metal into vertical moulds (as required by the American

Waterworks Association Specifications) is lost.
For pipe work inside of pumping stations, filter pla.nts

-and for any place where the class of work does not neces-

sitate placing the pipe underground, flanged pipe is made
with wall thickness similar to that specified by the Ameri-
can Waterworks Association. Tables giving the dimen-
sions of flanged pipe and fittings are included with the
tables of dimensions that are part of the American Water- .

- works Association Specifications.
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American Water Works Association
- Standard Specifications for Cast Iron
Water Plpe and Fittings

Adopted May 12, 1908

Descﬁption of Pipes -

SECTION 1. The pipes shall be made with hub and
i ints and shall accurately conform to the dimen-

ven 1n ‘Table No. 1. They shall ‘be straight and
e true circles in section, with their inner and outer
urf es concentnc, and shall be of the specified dimen-
ns in outside diameter. They shall be at least 12 ft.
in length exclusive of socket. )
Plpes with-thickness and weight intermediate betweent
‘the ‘classes in Tables Nos. 1 and 3 shall be made of the
same outside diameter as the next heavier class. ‘Pipes
with thickness -and - weight léss than shown by Tables
- Nos.'1and 3 shall be made of the same out51de dlameter ,
as-the Class ‘A pipe.
"All pipes havmg the same outside d_lameter shall have
the same inside diameter-at both ends. - The inside dlam- )
~eter of the hghter pipes of each standard out51de dlameter ,
. - shall ‘be gradually increased for a d15tance of about 6
inches from each end of the pipe so as to " obtain the
required standard thickness and welght for each size and
class of pipe.
For pipes of each size, from 4inch to 24-inch, mcluswe,
- there shall be two standards of outside diameter, and for

'56,“"




A. W. W.-A: STANDARD SPECIFICATIONS

pipes from 30-inch to 60-inch, inclusive; there shall be
four standards of outside diameter, as shown by Table
No. 1. '

tmgs shall ‘be furnished, made from Class D pattern.

Those having. spigot'ends shall have outside diameters.of

‘spigot ends midway between the two standards of outside -

diameter, as shown by Table No. 1, and shall be tapered
- back for a distance of 6 mches

For pipes from 14-inch to 24-inch; 1nclusxve, two classes
of fittings shall be furnished; Class B fittings with Classes
A'and B pipes, and Class D fittings with Classes C and' D
pipes; the former shall have cast on them the letters
“AB” and the latter “CD.” For pipes 30-inch to 60-inch,
inclusive, four classes of fittings shall be furnished, one’
for each class of pipe, and shall have cast on them the
letter of the class to Whlch they belong RS

o Allo;\ival)le Vanatxon in Diameter of Pi;‘aes‘andj S‘oclséi:s.'\‘

‘ SECTION 2. Espemal,care shall be taken to have_thef‘- :

which i 1s defectwe in Jo1nt Foom “from any cause. " The:

diameters of the sockets and the outside diameters of the.

spigot ends of the pipes shall'iiét vary from the standard’
Y 1miC {chan ‘06‘of an inch for pipes' 16 inchés' :

“For p1pes 4—1nch to 12-1nch 1nc1us1ve, one class of ﬁt-‘ -
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‘Allowable Variation in Thickness _

~'SecrroN 3. For pipes whose standard thickness is less
than 1 inch, the thickness of metal in the body of the
pipe shall ‘not be more than .08 of an inch less than the
standard thickness, and for pipes whose standard thick-
ness‘is 1 inch or more, the variation shall not exceed .10
of an inch, except that for spaces not exceeding 8 inches
in length in any direction, variations from the standard -
thickness of .02 of an inch in excess of the allowance
above given shall be permitted. -
. For fittings of standard patterns a variation of 50 per
cent- greater . than allowed for straight pipes:shall be
permltted

Defective Spigots. May Be Cut

\‘SECTION 4, Defective spigot ends on pipes 12 inches or
_more in diameter may be cut off in a lathe and a half-

~ round wrought-iron band shrunk into a groove cut in the

end of the pipe. Not more than 12 per cent of the total
humber of accepted pipes of each ‘size shall be cut and
‘banded, and no pipe shall be banded which is less than
11 feet in length, exclusive of the socket.
- In case the length of a p1pe dlffers from 12 feet the
standard weight of the pipe given in Table No. 3 shall
be modlﬁed in accordance there'Wlth :
e
Y s Flttmgs -
SECTION 5. All fittings shall be made in' accordance
: w1th the cuts and the dimensions’ ‘given in the tables
’formmg a part of these specifications: : ‘

" The diameters of the sockets and the external dlameters
of the splgot ends of the ﬁttlngs shall not vary from the
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'A. W. W. A STANDARD SPECIFICATIONS *

- standard ‘dimensionis by more than .12 of an inch for
castings-16-incles or less in diameter; .15 of an inch for .
. 18-inch;. 20-inch .and 24-inch; .20 of an inch for-30-inch,

36-inch and 42-inch, and .24 of an inch for.48-inch, 54-inch
and 60-itich.’ -These variations a.pply only to ﬁttmgs made
from standard patterns. . ;

- The flangeés on all manhole castings and manhole covers-
shall be faced true and smooth, and drilled to receive bolts
of the sizes given:.in the tables. The manufacturer shall
~ furnish and deliver all bolts for bolting on the manhole

covers, the bolts to be.of the sizes shown on plans-and
made of the best quality of mild steel, with- hexagonal
heads and nuts and sound well-fitting threads

. Marking

SECTION 6. Every pipe and fitting shall have dlstmctly'
cast upon it the initials of the maker’s name. When cast
especially to order, each pipe larger than 4 inches may also
have cast upon it figures showing the year in which it
was cast and a number signifying the order in point of
time in which it was cast, the figures denoting the year
being above and the number below, thus:

1908 .. 1908 . . " '1908
:_.jﬂl.vg 20 R
etc.,; also any. initials, not- exceeding four, which. majr ‘be
-required by the purchaser.. ‘The:letters and figures shall
- be cast-on 'the outside and:shall not be less than 2 inches

in.length and 14 of an inch in:relief-for pipes-8-inches in - ;

diameter and larger. For smaller sizes of pipes the letters -
may be:1.inch in'length.: - The weight and the class-letter
shall.be conspicuously. painted-in white in the inside of
each:pipe and fitting after the coating has become hard.
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Allowable Percentage of Vanatmn Ain Wexght

-~ and no excess above the standard weight: of .mnore than

~the given percentage for the several sizes shall be paid for.
The. total weight to be paid for shall not exceed. fori
gizei:and class of pipe received the sum. of ‘the standard,
weights -of the same number of pieces of the g1ven isize:
and, class. by more than 2: per cent. i

"bev less than:the standard’ welght by ‘more;-than: 10: per
ent for pipes 12 inches or less in diameter, and 8 per
‘cent. for larger sizes, except - that curves, 'Y pieces and

Quahty of Iron

SECTION 8..All pipes and fittings. shall be: made of cast-
ron of good quality, and of such character as shall make
he metal of 'the castings strong; tough:and of even' grain;
-esoft enough to sa.t1sfactor11 'dmlt of dnlhng xand-

s 'SECTION 7:- No pipe-shall ‘be.accepted the Welght of:
~ which ‘shall: be less ‘than the standard we1ght by more’
- than 5 per cent for pipes 16 inches orless in diameter;.
and 4 per:cent for pipes more than 16 inches in diameter;:

each,

:No fitting shall be-accepted the weight of whlch shall:

=ch vplpe may: be 12, per. cent below the standard
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Should the dimensions of ‘the three bars differ ffom those 1
given below, a proper allowance therefor shall be made:in - |
the results-of the tests. .

Tests of Material

'SECTION 9." Spec1men bars of the metal sed,- each j
bemg 26 inches’ long: by 2 inches wide and 1 1nch t]:uck-
-shall ‘be made ‘without” charge as often’las : nginée
may direct, and in default-of definite- mstructlons,'t e
contractor shall make and test at least one bar from each .
heat or run of metal. The bars, when placed flatwise
upon supports 24 inches ‘apart, and loaded in the: center, :
shall support a load of:2,000: pounds, and show. eflec:
tion of not less than .30 of an.inch before breakmg, orif -
'_preferred ‘tensile - bars- shall :be. made. which will show“a.
breakmg pomt of mot :léss than!20,000: pounds per square
inch.

l N I
Castmg of Plpe ; :

SECTION 10 The straight plpes shall be cast in ‘dr ,
sand ‘moulds i in a, vertical p051t1on P1pes 16 1nch
less in- dlameter shall be cast Wlth the hub end up
I Plpes 18 111‘
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. are intended. - No plugging or filling will be.;allowede,'

Cleanmg and Inspectxon ' )

SECTION 12.  All pipes, and fittings shall be thoroughly
cleaned and subjected ‘to a_careful. hammer, inspection.
No: castmg shall be coated unless entlrely clean and free
from rust, and approved in these respects by. the engmeer
‘ 1mmed1ate1y before bemg dlpped

Coatmg

SECTION 13. Every pipe and ﬁttmg shall be coated
and: out with. coal-tar pitch.varnish.. :The varnish
all be made from coal tar. To.this material.sufficient
oilishall 'be‘added  to make & smooth coating, tough-and
clous when' cold, -and:not brittle nor w1th any ten—
dency ‘to scale off.

a.ch casting shall be heated to.a temperature of 300

he mlxture at the-proper: cons1stency, and the. vat

ptled of.iits: contents'and: ,feﬁlled with: freshr k

 every natiire which unfit them for the use for which they,

ees Fahrenhelt 1mmed1ately before 1t is drpped and =




AW, fW.“A,j;STA‘ll‘\JDARD S?ECIFrCATIONS‘

bemg coated. the pipe shall be carefully dramed of the'.
‘surplus varnish, Any pipe or fitting that is to be recoated o
shall ﬁrst be thoroughly scraped and cleaned ‘

‘SecTIoN 14 When the coating’ has become hard the s
straight pipes shall be subjected to a proof by hydrostatic .
- pressure, and, if required by the engineer, they shall also -
be sub]ected to a hamimer test under thls pressure

“The pressure to which the differen
pipes shall be sub]ected are as follows: :

Hydrostatlc Test

T

20-Inch Diameter -

.. and Larger, Lbs.
Per-Square Inch-

SectionN:135. " The. p1pes and fittings shall be’ wexgh
paymént undeér ‘the supervision of the engirleer after:

Class A Pipe.. 150
Class. B .Pipe. .. 200
‘Class C" Pipe.-.. 250
Class D Pipe.... 300

.'Welghmg




" . Power of Engmeer to Inspect ] : .

( 17 .~ The'" engineer. shall be at hberty at all
to. 1nspect ‘the material at the foundry, and the
ngs;: ,castmgs and .coating of the pipes.and fittings.
51zes, umforlm and condltlons -of a.ll pipes

Inspector to Report '

8 _l’ The 1nspector at the foundry shall. report
: pipes and fittings rejected,
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~accepted at the agreed pomt of dehvery. x Ca.r
taken in handhng.the plpes not to. mJure the c

inspector acting for the purchaser and te his prop rly
authorized agents, hmlted by the partlcular dutles -.m-
trusted to them. :




=3{" on 3”7 to 6”7 lnc.
=84" on 37 to 6” inc.
X.= 1” on 8” to 84” inc.
"=34" on 8” to 84” inc.

Table No. 1

Dimensions, Inches
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STANDARD A, W. W.'A. BELL & SPiQOT PIPE

Dlmensmns of A, W W A. Standard Bell and Splgot P1pe
Classes A, B C and D

Table No. 1 ‘(co.ntir_lue(.i) B

Nominall =~ ' ) . »Ditnensions, Inches .
Diameter| Class - : i : ke
Inches ' ; -

A
0 | B
D
, A
12 ’8 :
S| D
A
14 8,

O S ST N T 1 T T e yey LSy




" CAST IRON PIPE HANDBOOK

" Dimensions of A. WW . A. Standard
Bell and Spigot Pipe
- Classes A,B,Cand D
Table No. 1 (continued)

Nominal Dimensions, Inches
Diameter |Class s :
Inches : . “l i
A ‘B cC | D E F |G| T/| W E
A ]44.20| 45.20 | 50.80'| 2.00| 5.00 | 1.40 | .50 [ 1.10 4470
B 44,50 | 45:50 | 51.50 | 2.00 | 5.00 | 1.50 ] .50 1.28 45.00
C 45.10 | 46.10 | 52.90 | 2.00.) 5.00 | 1.75{ .50 | 1.54 | 45.60
D | 45.58 | 46.58 | 54.18'| 2.00 ] 5.00°} 1.95 { .50 1.7} 46;.08
X : A . . 1
A .| 50.50| 51.50 ] 57.50 | 2.00 | 5.00 1.50.{.50 [ 1.26 | 51.00
B 50.80 | 51.80 | 58.40 | 2.00] 5.00 | 1.65 1.42 511.30
C 51.40 | 52.40 | 60.00 | 2.00 [*5.00 { 1.95 4 1.71 1.51.90
D |51.98]52.98 | 61.38 | 2.00 | 5.00 | 2.20 1.96 52}48
A |56.66] 57.66 ] 64.06 | 2.25 E\..SO 1.60 1.35 | 57116
B 57.10 | 58.10| 65.30 | 2.25] 5.50 |- 1.80 |° 1.55 | 57,60
- C 57.80 | 58.80 | 66.80 | 2.251 5.50| 2.15 1.90 | 58130
D [ 58.40 | 59.40 68.201 2.25 | 5.50| 2.45 2.23° 58]90
‘A 62.80 | 63.80 |. 70.60 | 2.251 5.50] 1.70.| ..50| 1.39{ 63.30
B |63.40 | 64.40 | 71.80- 2.25] 5.50] 1.90 | .50 1.67 | 63.90
C 64.20.1 65.20 | 73.60 | 2.25.] 5.50 | 2.25.|- 2.00,64.70
‘D | 64.82 | 65.82 | 75.22 | 2.25 | 5.50 | 2.60 1 2.38°'65.32
A 75.34 | 76.59 | 84.19 | 2.25 | 5.50 | 1.87 1.62 | 75.84
B} 76.00 | 77.25 85.65 | 2.25 | 5.50 [ -2.20; 1.95 | 76.50
:.C 176,88 | 78.13 | 87.33 | 2.25{' 5.50 | 2.64+|. 2.39.1-77.38
n g 550 | 3.7 ER L e T
CA §:50 | 2.10 172 88.04
3.90 1 2.6 2,22 .
S2plzzzl el 27919505




LUGS FOR A. W. W.°A. BELL AND SPIGOT PIPE .

Lugs for High Pfessure

Bell and Spigot Pipe and F1tt1ngs
Classes E to H
-
_L[ o ) -
e Fm—;
I3 j a5
§ bl M
8 3
E AN fillets 3 Rodivs
20 . "
THH vary on soms Tittings] 1

- Table No. 2A

. _ . Size - Welght of il

Nominal Bell | No. Dimensions « | of Bolts Lugs, Lbs.
Dia. {Class| Dia. | of '
) Lugs .|One| -One - i

A | B | Cc | D | E |Dia[L'thiBell{Spigot

GH|1188| 4 |150|1.25(225]1.50| 881 - {26]3¢| 68"
EF | 13.92 S D =
. GH1430| 4. |1.50|1.25[225|1.50|1.00(1 |26}34] 70}
10 |/EF |16.30 : : ME
KcH | 1672 | 4 |1.50]1.50|2.50]2.00|1.19[ 134127 36 ] 83
12. |[EF |18.68 . : » e
' GH |1928| 4 |1.50] 1.63|2.50] 2.00] 1.38 | 13¢] 27| 38~ 88
14 |/EF |21.08 , e
- heE|2182| 6 150 1.63] 250 2.00] 1.50] 1341 27| 55 | 135
16 |JEF |23.56 e 2
GH | 2444 | '6 | 1.50] 1.63 [ 2.50 | 2.25 | 1.63 | 134 27 | 56 | 141
18 [EF |26.0¢ ! - 1
: GH |2708| "6 |1.62]1.75]3.00]|2.25| 1.88] 1341 28 [ 72 | 198
20 |{EF |2844|: | | .
GH | 2952 | 6 |1.62[1.75]3.00)2.502.00)134] 28 [ 73| 200
2¢ |{EF |3340 / (2
5 el | 328s| 6 |1.75(2.00] 3.25 | 2.75| 2.00 | 134 | 28 | 89 | 240.
30 |jE- |40.60 : S
F_ |a146| '8 {1.75[2.00{ 3.25) 2.75 [ 2.00 134 | 28 J121- | 371
36 |/E |4800| - : ) I
F|a004] 12 | 175 2:00] 325 2,75 [2.25 ] 134 | 28 [101 |- 613

- -Dimension’ 21 inches in above cut is for pipe; this dunensmn varies I& ﬁttinés.."f: .

Tiwo lugs are placed on the vertical axis of each bell the others at equal distanc
around circumférence. [N
(S ]‘?Vmelnl:flons in inches: i A.ll Bts t

eights given in pounds. weights approximate.

Pipe: furmshed with Iugs only when spec?gcally ordered. ;




- Class' B—200-Foot -Head
nds Pressure | * i | ° .. 86 Pounds'Pressure

“'Weight of | Weight of | Weight of |. .’ Weight 'of ‘Weight of | Weight of
:12-Foot * 3| 16-Foot | 5-Meter 12-Foot ~16-Foot 5-Meter
i Length » | Length - Length Length Length Length
Pounds Per {Pounds Per [Pounds Per Pounds Per [Pounds Per |Pounds Per

Nominal Inside :

Inches

Diameter, Inches'

i)
w
2}
-]
o4
2
s
3

L'gth| Foot L'éth

Approximate, Pounds
ol Lead per Joint -
8| 2 Inches Thick

Approximate Pouhds

. Hemp.per Joint :

“|Length| Foot |L'gth| Foot L"_gt_il

-
ool

215

i oo
s

;;:S Sooa\»hc_»|
OGANVH HdId NOYI ISVD

L hose. per lerigth-include standard: bells; pro
,,Sp'e‘ciﬂcatibn’s.- o : ¥,
ngths is du¢ to'the weight of; yell-bein

: meter’pipe is 16 feet:4%§ inche;




nd" Splgot Cast Iron P1pe
“Classes Cand D =
,Ta.ble 0.3 (contmued)

nt" -

“Joi

T

Welght of ¥

: "12-Foot
. Length
..Pounds Per’

= Lead

el

1

2 Inches Thick
[+~ Hemp per Joint -

Approxima,te"l%fonnds .
“Nominal:Inside : |
Diameter, Inches

Foot {Length
216

*|‘Approximate Pounds
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Dimensions of A W. W. A. Standard

Bell and Spigot Pipe ,
) Classes E, F, G and H
: : ) .
g » D . e
\‘ﬁ_ } I — r ¥
ot
SHENE ' . .
@ ]'TH-:E{ = LAYING LENGTH
. <L . :
H a —_—— 2 1i
- 1yt 2 ;
- el 1y : g : .
il |
]
Table No. 4
Noﬁunal 7 ) . Dimensions, Inches
Dlxan';leter Class|- - :
e Al Blc|D|E|F|G] T|W
E [~722| 802 11.52] 150 a00] 75| .40 58] 7.72
F |™7.22| 8.02|11.52] 150} 4.00] .75{.40| .61 | 7.72
G | 7.38| 818|11:881]1:50| 4.00| .85} .40 .65 7.88
: H |-7.38| 818 11.88'] 1.50| 4.00| -85]| .40| .69| 7.88
: E |.942] 102211392 1.50| 4.00| .85 .40 .66 9.92
F..[~9.42| 10.22.] 1392 | 1.50 [ 4.00 .85] - 71| 092
: G [.9.60| 10.40| 14.30 | 1.50 [ 4.00| :95] 40| .75 10.10
H [~ 9.60 | 10.40 | 14.30 | 1.50 [ 4.00| 95| :40| .80 | 10.10
E | 11.60]12.40|16.30 [*1.75 [ .50 | .95] .40| .74 12.10
F {11.60] 1240 [ 16.30 | 1.75 [ 4.50|. .95 40| .80 12.10
G |11'84] 12.64 | 16.74| 1.75 | 4.50 | 105 | .40 | .86 | 12.34
H | 1184/ 12:64 | 16.74 |-1.75. 4.50 | 1.05| .40 | 02| 12.34
E |13.78] 14.58 | 18,68 | 1.75| 4.50 | 1.05| .40 | .82 | 14.28
. F |13.78| 14.58 | 18.68 | 1.75 [ 4.50 | 1.05| .40 [ .80 [ 14.28
G |14.08 | 14.88 | 19,28 ['1.75 | 4.50| 1.20] {40 | .07 | 12.58
H |14.08] 14.88 [ 19.28 | 1.75 | 4.50| 1.20 | .40| 1.04 | 14.58
E [15.98] 16.78 | 21.08 [ 2.00 | 4.50 [.1.15:| .40 | .90 | 16.48
F | 15.98 | 16.78 [.21.08 | 2.00 | 4.50.| £.15.|
G 17.121] 21:82| 2:00 1.351
H | 1632 17.12 ['21:82 | 2.00

For wexghts, see page 74.

see Table No. 1. :
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HIGH PRESSURE A. W. W. A.'BELL & SPIGOT PIPE .

Dimensions of A. WW A. Standard
Bell and Spigot Pipe SR
Classes E, F, Gand H. . .

Table No. 4 (coht}'nuéd) i

Nominal - 3 Dimensions, Inches
DIiarx;‘eter Class - - - — -
nehes 1 Al B | c|pl|lE|'F |G
CE'| 1816 18.96 | 23.56 | 2.00 | 4.50 | 1.25 | .40
16 r 18.16 | 18.96 | 23.56 | 2.00 | 4.50 | 1.25| .40| 1.
G | 18.54 ) 19.34| 24.44 | 2.00 | 450 1.45 | .40°| 1.
H (18,54} 19.34 | 24,44 | 2.00 | 4.50 | 1.45 | .40} 1.2
"E | 2034 21.14 | 26.04 [ 2.25 4.’50' '1.4‘0 40 1
18 F |20.34] 21.14 | 26.04 | 2.25 | 4.50 | '1.40 | .40.| .1
G- | 20.78 | 21.58 | 27.08 | 2.25 | 4.50 | 1.65.| .40°] 1.
H | 20.78 | 21.58 | 27.08 | 2.25 | 4.50 | 1.65 | .40} 1.3
E 22.54] 23.34 | 28.44 | 2.25'| 4.50 | 1.50| .40} 1.15:
20" F 22.54 1 23.34 | 28.44 [ 2.25  4.50-( 1.50 | .40 | 1.27
G | 23.02(23.8220.52 2.25 | 4.50 | 1.75 ] 40| 139}
' : H 23.02 | 23.82 | 29.52 | 2.25 | 4.50{ 1.75 | .40 1.'§1
E |26.90| 27.90 | 33.40 | 2.25 | 5.00| 1.70-.50 | 1.31-
24 F |26.90| 27.90| 33.40 ) 2.25| 5.00 | 1.70 | .50 | 1.45
-G |27.76 | 28.56 { 34.86] 2.25 | 5.00 | 1.95 | .50{ 1.75
. H |27.76 28_.§6 34.861 2.25| 5.00| 1.95 | .50 1.8‘8
30 { E | 33.10] 34.10 | 40.60 | 2.25 | 5.00 | 1.80°| .50]-1.55
. F | 33.46 | 34.46 | 41.46 | 2.25 | 5.00 | 2.00 | .50 i 1.73
’ 36. { .E | 39.60 | 40.60 | 48.00 | 2.25 | 5.00 | 2.05.]| .50 | 1.80
‘-F | 40.04 | 41.04 | 49.04 | 2.25 | 5.00 | 2.30( .50-| 2.02

For welghts, see page 74. ) e
‘Can be furnished with single lead groove if desired. For dimensions;.:
see Table No. . A, . R .
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~ Classes E, F; Gand H
Table No. 5:
om Class E ‘Class F - Class G Class H .. '§u ég o
5.9 500-Foot Head 600-Foot Head 700—Foot Head 800-Foot Head 38 | 35182
59 | 217 Pounds Pressure || 260 Pounds Pressure (| 304 Pounds Pressure 347 Pounds Pressure {| 25 | 8= |59’
e , A sy |58 |
¢ 8 o Weight, 3 Weight, a Welght & Weight, 8 Sal| 88
) :gg . gg Pounds per gg "Pounds per EE Pounds per }i:'}E i| Pounds per EE E g Eg
og | 49 —{| ¥ A3 4G 1 — || ¢ Sm|'es
AR L2.8 g8 28 . ua N B | 8|27
4 12-Foot|| = 12-Foot || &7 12-Foot|| &™ 12-Foot|| &% | 85| 7R
& Foot Length = F°_°? ‘Length B Fc_'?t Length = _F°°t Length <- <

6 58 42.5 510 61 44.3 531 .65 48.1 577 .69 50.5 606 21.9| .22 ‘ 6

8 .66 60.9 731 71 66.8 802 75 72.3 868 80 76.1 913 28.2| .28 8

10 74 86. 1043 .80 92.81 1114 86 | 101.4| 1217 92 107.3 | 1288 34.5) 341 10

12 .82 | 1146 | 1375 .89 [ 122.8 1474 97 | 136.2 | 1634 1.04 | 144.4| 1733 40.81 40} 12

i4 90 | 145.6 | 1747 - 99 | 158.8 [ 1905 1.07 | 175.1 | 2101 1.16 | 187.5.| 2250 471 .46 14

16 98 | 180.7| 2168 1.08 | 196.5 | 2358 1.18 | 218.0§ 2616 1.27 | 233.8} 2805 53.4] .52 16

18 1,07 | 221.8 | 2662 1.17 | 239.3'| 2872 1.28 | 268.2 | 3218 1.39 | 287.8] 3453 59.7] .57 18

20 1.15 | 265.8 | 3190 1,27 | 287.3 | 3448 1.39 | 321.8 | 3862 /|| 1.51 | 345.8| 4149 66.0| .651 20

24 1.31 ] 359.1 43:09,"‘ 1.45 | 392.3 | 4707 1.75 | 479.8} 5758 1.88 | 510.6 | 6127 79.4| .78] 24

30 1.55 | 530.9 | 6371. 1.73 | 588.81- 7065 || .... | ..... R | T e veee 1229 .93 1 30

36 1.80 | 738.1 | 8857 2,02 | 821.0) 9852 || .... | +..s- I | EETTR RN ceee 146.7 | 1.11 | 36

" proportlonate allowance to be made for any variation from the standard length.
water pressure to 500 pounds per square inch.

All weights are approximate; those per foot include allowance for bell; those per length include standard sockets;
The above classes of plpe are tested by

For dimensions, see Table No. 4.

* MOOGANVH 4dId NOWI ISVD
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STANDARD A. W. W. A. BELL & SPIGOT FITTINGS

I 3 8 c—
} 42, W o
. ‘ S===rl/ Bl
Dimensions of Bells ——1— T
for A. W. W. A. - i |
~ Standard Fittings ' o
i
. A
Table No. 6 I
‘ Nominal ., Dimensions, Inches
iameter | Classes g -
Inches A B Cc | D
3 D 3.96| 4.66| 7.26| 1.25
4 D 5.00| 570 830 1.50
6 D' | 710 780} 10.60 | 1:50
3 D 9.30 | 10.00 | 13.00 | 1.50
10 D |11.40{ 12.10] 15.30| 1:50
12 D |[1350[ 1420 17:60 | 150
11 B |1530]( 16:10] 19.50 | 1:50
14 D | 1565 16.45| 20.05 | 1.50
16 B |17.40] 18.40] 22.00| 1.75
16 D - |17:80| 18.80] 22:60 | 1.75
18 B | 1950 20.50 | 24.30 | 1275
18 D |[19092 | 2002 2512 | 175
20 B |21.60| 22.60| 26.60 | 1.75
20 D - |22.06 | 23.06| 27.66 | 1.75
24 B | 25.80| 26.30 | 31.00 | 2.00
24 D |26:32| 27.32] 32.32 | 2.00
30 A | 3174 32.74] 37.34 | 2.00
30 B .|32.00] 33.00 37.60 | 2.00
30 C | 32.40] 33.40 38.60 | 2.00
an. h o Y 20 A 22.7A an. A 200N

0 ] Dimensions, Inches
s\ Class | A | B | C | D | E
75.3¢ | 7650 | 8419 | 2.25 | 5.50
76,00 | 77.25 | 85.65 | 2.25 | 5.50
| 7688 | 78.43 | 87.33 | 225 | 550
7774 | 7899 | 8899 | 225 | 550
87.54 | 8879 | 9699 | 2.50 | 5.50
88.54 | 89.79 | 9879 | 250 | 5.50
"89.58 | 90.83-[100.83 | 2.50 | s.50

90.58 | 91.83 1102.83 2.50 .| .5.50. .

gow>Uow >

[



CAST IRON PIPE HANDBOOK

Laymg Dlmensmns of A. W. W. A, Standard Bell
and Spigot Bends

AT " (All Classes)

3 Bend (90°) - 36 Bend (45°) - . 14 Bend (22%°)

fp—8 -

el

T

# Bend (11 14%) . 344 Bend (556
Table No. 7 .
90° Bend | 45° Bemd | 2234°Bend | 1134°Bend | 53¢ Bend
AN (38) (34e) (342) . (%64)

9.94|15.94( 24| 9.55|15.55} 48/11.82|11
161 24 | 9.94{15.94[ 24| 9.55|15.55} 48|11.82|11.82{120
16.1.24 | 9.94/15.941 24| 9:55{15.. 55 48{11.82/11.82/120
16 1. 26 | 9.94{15.94] 24 9.55(15.55} 48(11,82/11:82)120(."... ...
16 .1 28 | 9.94]/15.94/241 9.5 111.82120]. .. .

14.91(20.91| 36 [14.32/14 32| 72 1_71731?7273180 OB N I

24 | .36 |19.88|25.88| 48]19.10|19.10} 96|23.64123.64/240(23 . 5823 .58}480
'30.].42 |24.85/30 85| 60 [23.87|23.87[120{23 .64[23 . 64[240(23 . 58(23 :58}480
- 36°| 48 |24.85|30:85] 60(23.87|23 8712023 . 64123 : 64/240|23 . 58[23 . 58/480
48:| 60 {37.28(37.28{90 [35.80(35.80(180/23 64[23 . 64/240(23 . 5823 . 58l480|[

48 | 60 |37.28|37.28]90735.80(35.80(180]|23.64[23.64/240|23.58{23.58/480
54} 66 |37.28|37.28{90(35.80{35.80(180(23". 64|23 .64]240/23 .58(23 .58/480
S0l 00 )37.28137.281 90(35.80(35.80(180(23 ,64[23 . 64]240{23 . 58(23 .. 58/480||

37.28(37.,281 90135.80|35.80(180(23". 64|23 . 64)240123 . 58|23 . 58/480

i Dimengions in inches.
. For Bell Dimensions see page 75.
= o) ‘fFor welghts see page%& ﬂl’




|STANDARD A. W. W.'A. BELL & SPIGOT FITTINGS

Laylng Dimensions of A. W.W.'A. Standard Bell and Splgot
Tees and Crosses -

(All Classes)

Tee and Cross

Table No. 8

Size | A | B| S || Size | A]| B| S| Size|] A|B]|S

10 10 | 22 || 36x 8 | 14 [ .27 26 || 48x16 | 19 | 35 31

12 12 | 24 || 36x12 [ 16 27 28 || 48x20. 1 21 35 | 36
13 13 | 25 || 36x14 | 18 29 30 ] 48x24 | 23 | 35 | 38

10 14 14 | 26 || 36x16 | 19 29 31 || 48x30 | 26 | 35 | 43
12 15 15 |27 || 36x18 | 20 29 | 34 || 48x36 | 29 | 35 | 46
14 16 16 | 28 | 36x20 | 21 29 36 || 48x42 | 32 | 35 |49
16 17 17 | 29 || 36x24 | 23 29 38 || 48x48 | 35 | 35 | 52-

18 18 | 18 | 30 || 36x30 | 26 | 29 | 43 || s4x20 | 28 | 385 46
20 10°| 19 | 31 |[36x36 | 20 | 29 | 46 || 54x24 | 30| 40 |"48
24 |21 | 21 | 33 ||42x12 | 16 | 30 |"28 || 54x30 | 33| 40| 51

30x 6 | 13 24 | 25 .|| 42x14 | 18 32 30 || 54x36 | 36 | 42 [:54 -
30x 8 | 14 24 | 26 || 42x16 | 19 | 32 31 || 54x42 | 39 | 42 |- 57
30x10 | 15 24 | 27 || 42x18 | 20 | 32 34 || 54x48 | 42| 45 [60
30x12 | 1§ 24 | 27 | 42x20 | 21 32 36 || 54x54 | 45| 45 163
30x14 | ‘18 26 (30 || 42x24 | 23 32 | .38 || 60x20 } .28 | 42 |- 46
30x16 | 19 26 °|-31 || 42x30 | 26 32 | 43 || 60x24 | 30 |- 44 |-48
. 30x18 | 20 26 | 34 || 42x36 | 29 32 46 || 60x30 | 33 | 44 | 51
30x20 | 21 26 |36 j['42x42 | 32 | 32 49 )| 60x36 | 36 | 44 |54
30x24 | 23 26" |- 38 |[-48x12 :-17 33 29 |l 60x42 | 39 | 48 {57

30x30 | 26 26 |-43 || 48x14 |- 18 35 30 || 60x48 | 42 | 48 [+60 -
' [ N | R - Lo .|l 60x54'{ 45 | 48 |-63

ris : 60x60 | 48 | 48 66

3
g i1 11 23 || 36x10 | 15 27 | 27 || 48x18} 20 35 |34 .
8

Dimensions in mches.

‘Reducing tees and .crosses in sizes up to and including 24" have same laymg

 dimensions as straight sizes. .
Large diameter tees and crosses furmshed wlth ribs as requlred.
For bell dimensions, see page 75.." D :
Tees.and crosses reduce on branches only. .
For base tees, see page 78. i : ST
" For weights, see page.89. o R e

A
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"' CAST*IRON PIPE HANDBOOK

Base Dimensions of
A. W. W. A, Standard Bell and Spigot
Base Ells and Tees

(All Classes)

Base Tee
Table No. 9
Base Ells . Base Tees
) Width| - Size Width
L H X of Z of H X of VA
ng . - Base Fitting . .| Base |~
s 5 5 54 3 a4yl 134 4 56
‘54| 6 6 56 1 su[ o7 s 41
6y 7 7 i 6 6% 1 7% %
7% 9. | o Bl 8 73| 133 9y %
o | 10 | 10 wll 100 | o | 16 | 1134 .ou
100 |11 | 11 |1 12 10 19 13% 1
12 12 12701 14 12 ] 21 167 1
13 12 12 11 16 13 | 234| 18 1
14 134 13 13% 18 14 25" | .20 13
15 13l 13%| 1%l 20 15 2734 22 114
174 14 1470134 | 22 1734] 27%l 2634 - 1%
275 30| 3o ATl 30 21 274 32 1%
x50l igo | g0 | 47zl 36 24| 273 34 13
asos| R | e | wrE| o a2 287273 36 | s
a2 4 | #2 | oo 48 L 31%| 32 36 1%
Jeoo| £8 1 #¥ | X225 54 36 42 |42 ¥
3g00 | H#E 239 60 [.39 |48 | 48

‘Dimensions in inches. -
For other dimensions see pages 76 and 77..
For bell dimensions see page 75. {
For weights gee pages 88 and 98.

" Bases drilled if required,
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STANDARD:A. W. W. A, BELL & SPIGOT FITTINGS

Laymg Dimensions of A. W W. A. Standard Bell and Splgot
Y Branches

(All Classes)

& \
—a %’sﬁL

V:Branch - q ; ‘. ~¥=Branch

Type 2’ K (B eeches Y) . B
o Lhtex miy o o Typel ’

Table No. 10

Y Branches Type 2 (45°) ‘Y Branches Type 1 (45°)

Size - -A -8 Size A [ Size |...A s
36x24 54.00 | 19.75 12 21.5 1 16
36x30 56.00 | 19.75 14 240 {16

36x36 60.00 | 24.00 16 27.5 17

42x24 | 60.00.| 16.75 20§ 340 [ 18
42x30 | 63.00 | 16.75 ; S
42x36 | 66.00 | 21.00 24x20 { 34.0° 12

42x42 ; | £9.00: | 25.25 24x24 | 38.0 18 =
g¥xail | Cr.00 | 71350 30x24 38.00 | 112
48x30 | 68.00:| 14.00 30x30- | 48.0° { 18-
48x36 | 71.00.{ 18.00 U e
48x42 | 74.00 | 22.25 36x30 | 48.0 | 10

48x48 36x36 56.0 18
) 42x30 48.0
42x36 56.0 10

weights s
ducing’ Y—Branch"é‘f in sizes up to and mcludmg 20” have same laymg dx-
énsions as straight sizes, -
Large diameter Y-Branches are furnished w:th ribs as requlred.
For bell dxmensxons see page 75.

9




CAST IRON PIPE HANDBOOK

(All Classes)

Laying Dimensions of A. W. W. A.
Standard Bell and Spigot Reducers

Bell Large End B2l Small End Spigot Ends
Table No. 11
Laying Length (L) Laying Length (L)
Large | Small [.. Size Large | Small :
“End | End |Spigot End | End |$pigot
Bell Bell nds Bell Bell
20.5 21.0 24 42x24 77.0 78.0 82
- 200 | -20.5% | 24 42x30 43.0 435 48
30.0 30.0% 34 42x30 77.0 71.5 82
.30.0 - 30.0 34 T . 42x36 43.0 43.5 48
:30.0 30.0 34 42x36 77.0 71.5 82
30.0 30.0 34
‘ - 48x30 - 77.0 77.5 82
32.0 32.0 36 . 48x%30 143.0 143.5 148
32.0 32.0 * 36 48x36 77.0 77.5 82
32.0 - 32.0 36 48x36 143.0 143.5 148
:38.0 . 38.0 42 - 48x42 <77.0 77.0. 82
38.0 . 38.0 42 T 48x42 143.0 143.0; | 148
‘37.5 38.0 42 54x36 76.5 77.5% 82
:37.5 38.0 42 54x36 142.5 143.5: 148:
.77.5 . 78.0 82 T 54x42 76.5 77.0; 82
'37.5. |. 38.0. 42 - 54x42 142.5 143.0} 148
e 78:0 82 . 54x48 . 76.5 77.0, 82
) . " 54x%48 142.5 143.0. | 148
- 435 44.0 48 :
Y715 . 78.0 82 60x36 76.5 775, |- 82
< 43.5 . 440 48 60x36 142.5 143.5° }-148.
71.5 78.0 82 60x42 76.5 77.0° 82
43.5 43.5 1 48 60x42 142.5 .| 143.0: |- 148.
'77.5 77.5 82 60x48 76.5 || 77.0! 82
. L . 60x48 142.5 143.0 148 -
43.0. |. 44.0 48 .- 60x54 76,5 | 76.5 82
/77.0 78.0 82 60x54 1425 | 142.5: |.148:
743.0 44.0 48 ;

Dxmensxons in inches.

: :\the same for all reductions. .

For bell dimensions see page .75.
For ‘weights see page 94,

In sizes under 24 inches d1mensmn represents larger end Iaymg length ‘remaing

~77 %63 Reducers Small End B’ell have a laymg lerigth of . 30 5 mches and 4x2g
Reducers Small End Bell have a laying length of 21 mches :

8. .




STANDARD A. W. W. A. BELL & SPIGOT FITTINGS

Dimensions of A. W. W. A. Standard Bell and Spigot
- Plugs and Caps

(All Classes)

-z

Plug
Table No. 12 ‘-
Plugs" Caps
' No. of ||. No. cf
Size H Size H Size H Lugs Size H Lugs
3 5.5 18 6.5 3 4.60 18 " | 5.00 6 ‘
4 5.5 20 6.5 4 4.60 20 5.00 6
6 . 5.5 24 8.0 | 6 4.65 24 5.25 ¢ 6
8 © 5.5 30 8.0 8 4.75. 30 5.75 6 -
10 | 60 36 8.0 10 | 475 o 36 | 6.00 6
12 6.0 42 9.0 12 475 4. 42 7.00 8 .
14 6.0 48 9.0 14 -4.90 .4 48 . 7.00 8
16 6.5 54 9.0 16 5.00: 6: 54 7:50 8.
| 60 9.0 60 [7.50| .8 °

* T N B k4
Dimensiong in inches.
For bell dimensions see page 75. :
Caps 127 and larger can be furnished w1th lugs.
For weights see page 97.
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CAST IRON PIPE HANDBOOK
. Laying Dimensions of A.-W. W,

Standard Bell and Spigot Offsets and
(All Classes)

: = _

Offset

Split Sleeve

Table No. 13

A.
Sleeves

Solid Sleeve

Bell & Spigot Offsets Split Sleeves Solid Sleeves
o . Size : Size | Length (L)
Size o L Size o L of L of .
Pipe ) Pipe

: Short | Long

6 27 6 35 3 15 3 10 15

4 12 30 14 12 .| 46 4 15 4 10 15

R 18 38 18 57 6 15 -6 10 15

'~ b 8 15 8. 12 15

. 6 28 6 35 10 18 10 12 18

0N 6 12 34 16 12 48 12. 18 12 14 18

o 18 41 18 ‘58 14 18 14 15 18

. ’ 16 24 16 15 24

: . 6 | 29 6 36 18 24 18 15 24

.8 12 ‘36 18 {| 12 48 20 24 20 15 24

[E 18 43 18 | 59 24 24 24 15 24

Y ; o A O . 30, | 15 | 24

Al 16 30 : 6 36 . 36 15 24
110 12 38 20 12 |--48 1] o 42 15 24
T 18 46 18 60 ;| 48. 15 24 .

[P : ; . : : 54 15 24
] 6 34 60 15.. 24

Meda4l 12 | as.
b 18 7|7 56

Dimensions in inches,

Split Sleeves furnished complete with bolts.
For bell dimensions see page 75.

For weights see pages$ g7+ 75
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STANDARD A. W: W. A: BELL & SPIGOT FITTINGS

Dimensions of A. W. W. A Standard Bell énd Spigot Blow-Off
Branches and Manhole Pipe
(All Classes)
;)ﬂgwwe~

Table No. 14

. Blow-Off Branches . . R -
. . i Manhole Pipe -
Size R Wiﬁhout. ;
Without Manhole With Manhole Blow-Off Branch
- © std. . E -
Run |. Outlets A B A B (o Ajl*C s
‘8 38&4 12 7
10 | 3,4&6 12 8
12 | 3,4&6 12 10
14 | 4&6 12° 11
16" | 4&6 12 | 12
18 | 4&6 12 13
20 | 4&6 12 14
24 | 6&8 12 16
30| 6,8&12| 13 | 20 721l 20 | 26.0
36| 8&12 13 | -23 72l 23 | 290 |
42 {12&16° 15 26 1721 26 .| -32:0
48 (12&16 | 17 30 | 172 30 | 350 || 172 350
54 | 12&16 - 19 33 1925 33 | 38.5 [|-402% 38.5 |
60 .-| 12 & 167 21 36 2129 36 | 42.0 | 2129 42.0

) 'Dxmensxons in 1nches
.~ For dimensions and drilling of flanges, see page 145.
" For ‘bell dimensions, see page 75.
For wexghts, see page 92.
: .‘Manholes are regularly furmshed with blind flanges and necessary bolts _




STANDARD A. W: W. A: BELL & SPIGOT FITTINGS

Dimensions of A. W. W. A. Standard Bell énd Spigot Blow-Off
Branches and Manhole Pipe

(All Classes)

Table No. 14

Blow-Off Branches . . oy S
ize i Manhole Pipe -
Size = Without
Without Manhole] With Manhole
. © std. : - ] -
Run |. Outlets A B A B (o8 Al +YC
‘8 3&4 12 7
10 | 3,4%6 12 8
12 | 3,4&6 12 10
14 | 4&s6 12 11
‘16| 4&6 12 12
18 | 4&6 12 13
20 | 24&6 12 14
24 | 6&8 12 16 o . i
3 | 6,8&%12| 13 | 20 w21l 20 | 26,0 | 4724 26.0 | 3134 |"
36 | 8&12 13 | .23 w72 23 | 29.0 " 3724 2000 | 3%s¢||.-|:
12 [12&16 15 26 1721 26 | -32.0 || 472 32,0 |- 388¢||
48 [12&16 17 30 || 172/ 30 | 350 || 172 350 | ‘31245
A 54 |12 & 16 19 33 1925 33 | 38.5 || 194 38.5 | 31| -
.60 | 12 & 16 21 36 2125 36 | 42,0 || 218 22.0 | 3124]

_Dimensions in inches.
. For dimensions and drilling of flanges, see page 145.
“For bell dimensions, see page 75,
For wexghts, see page 92.
S Manholes are regu]arly furmshed with blind ﬂanges and necessary bolts




" CAST IRON PIPE HANDBOOK

bimensibns_én& Weights of Cutting In Tees ahd Crosses for
Use with Standard A. W. W. A. Pipe

Table No. 15
. Will Take Pipe of + Weights
" Nominal - Laying
Diameter, Inside Maximum. Length .
Inches Diameter, |- Thickness, On Run* 3-Way 4-Way
Inches Inches
3 ] 3 48 16 - 107 141
E S R T 52 . 19 140 184
6 : BN 6 - .55 21 215 281
8 8 60 23 333 434
10 10 68 24 458 589
12 12 75 24 616 787
14 14 82 36 800 900
16 16 89 36 1200 1460

Dimensions in inches.
For bell dimensions, see page 75.
 Weights given in pounds. All weights approximate.
*Length to be cut from pipe to receive Cuttmg-m-Fxttmg.
All Class D. Branches with side outlets of dlameters differing from main .
‘run are'made to order only.

Cutting-in Branches are enlarged back of bell, as shown above, and can be
shpped over the cut pipe and then drawn back into posxtlon for calking. The
necessity for sleeves and extra joints.is thus avoided. . The lead space, however,
‘I is somewhat greater than thh the usual bell; hence,. the spigot tee w1th sleeve is

generally preferred.
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SPECIAL BELL & SPIGOT FITTINGS

Dimensions and Wéights of Double Bell Pipe With Boss V
(Tapped Tee)

Approximate

Size ‘ Class I L . Weight, Pounds
3 D 12 55
4 D 12 69
6 D 12 101
8 D 12 154
10 D i3 202
12 D 13 : 264

Pipe can be tapped for any regular size outlet.

DlmenSIOnS and Welghts of Spht Bell End Sleeves

Size . . Approximate
of Pipe L D N Weight, Pounds
3 22 8y 8 135
4 22 913 8 159
6 22 1134 8 210
. 8 22 1437 3 281 P
10 22 161 - 8 367
12 22 1834 8 435
14 22 21 8 482
16 22 2354 9 608
18 22 26 34 8 72
20 23 2854 10 ° 973
24 23 333 .10 1201

All dimensions in inches. All weights approximate.

For Bell dimensions see page 75. _

Split Sleeves furnished complete with bolts.

These sleeves will cover any standard bell and spigot joint.
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CAST IRON PIPE HANDBOOK

Dimgnsﬁons of High Pressure Bell and Spigot Bends, Tees and
‘ Crosses
(All Classes)

% Bend (90°) % Bend (459) 1/16 Bend (22 3°)
R[S

1/32 Bend (11 34°) Tee Cross
ST Table No. 17

90° Bend] 45° Bend [22 24° Bend|11 }4° Bend|| ;rees and Crosses
Als{a|s[Als|Aa]slszlalB|siz|alB

6 |12.25/31112.19(30.94] 7.02|25.77| 6.98125.73| 6 |12|12{{30x30| 26|26
~8 114,251 33112.19]30.941 7.02|25.77} 6.9825.73} '8 13|13

10
2

'116.50] 35112.44130.94] 9.66|28.16] 9.59)128.09) 10 |14} 14[36x6 | 13|27
19.00} 37{12.94{30.94]12.55{30.55{12.46/30.46/| 12 [15]| 15 gxilio {g 2;
ol | X 2

4°121.00| 39(15.43[33.43(14.93|32.93]|14.82|32.82t 14 | 161 16{I36x12{16 |27
6 127.25]45(18.16/35.91]17.57135.32[17.43/135.18| 16 117]117|[36x14{ 18| 29
18 |27.50] 45 120.90|38.40{20.20|37.70/20.04{37.54| 18 |18]18{36x16{ 19|29
o ' 20 [19]19136x18|20 |29
20127.75145(23.63140.88]22.84]40.09{22.66(39.91}1 24 ] 21| 21}{36x20] 21 ] 29
24 134.25|51(29.10(45.85128.12{44.87|27.89/44.6 6x24123 129
1-307140.75[ 57 [29.60(|45.85/28 .62(44.87(28 . 39(44.64}[30x6 | 13 | 24}[36x30| 26 | 29
36 [53.00|69[42.28/58.28|40.80|56.80|28.64/44.64!130x8 |14 21 6x361 29 | 29

Dimensions in inches.

Bell dimensions same as pipe.

For bell dimengions, see page 72.,

Fittings furnished thhout lugs unless otherw1se specified.

For lugs see page 69.

Reducing Ells, Tees and Crosses in sizes up to and mcludmg 247 have same
laying dimensions as straight sizes.

For weights see pages 99 and 100.
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.HIGH PRESSURE BELL & SPIGOT FITTINGS

Diinensiéns of High Pressure Bell and Spigot Reducers, Sleeves,
Plugs and Caps
(All Classes)

L— L
Large End Bell Reducers Small End Bell

Sleeve

Table No. 18

Laying Lengths (L) of Reducers Solid Sleeves| Caps
" Size Large Small Large Small
End Bell| End Bellf| Size | End Bell | End Bell|{ Size L H
8x6 | 38 25 © 38.25 20x12 39.75 39.00 6. 18 6.00
. 10x6. 38.25 20x14 | 39.75 39.00 8.1 18 [6.00
10x8 38 50 38.25 20x16 39.75 39.25 10 18 6.00
[ 20x18 39.75 39.50 12 18 | 6300
12x6 39. 00 38.25 : ]
| 12x8 39.00 38.25 || 24x12 | 40.25 39.00 14 | 18 .| 6.25
| 12x10 39.00 38.50 ||.24x14 | 40.25 39.00 16 . 18 | 6.25 |
) 24x16 | 40.25 39.25 - 18 18 6.50
. 14x6 39. 00 38.25 || 24x18 40.25 39.50 20 18 6.63
- 14x8 39,00 38.25 || 24x20 | 40.25 .39.75 : .
- 14x10| 39.00 38.50 24 | 18 ;.00
7

14x12 | 39.00 | 39.00 || 30x20 | 40.75 } 39.75 30. 18

16x8 | 30.25 | 38.25 |l 36x30 | 41.00 | 40.75
16x10 | 39.25 | 38.50
16x12 | 39.25 | 39.00 N

39. .
16x14 | 39.25 39.00

18x10 | 39.50 | 38.50
18x12 | 39.50 | 39.00
18x14 | .39.50 | 39.00
18x16 | '39°50 | 39.25

)i ions in inches.

For bell dimensions, see page 72.

Fittings furnished without lugs unless otherwxse specified.
For lugs see page 69.

For weights see pages 99 and 101.

For Plugs H = 10 inches on all sizes.
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CAST IRON PIPE HANDBOOK

Weights of A. W, W. A. Standard Bell and Spigot Bends
| Table No. 19 |

90° Bend

45° Bend (22 14°

Bend!

11 34° Bend

5 34° Bend

Base Bends

Class

With{ With|
Omne | Two
Bell (Bells

With

With|With
Two | One
Bells| Bell

With
Two
Bells

With|With|
One | Two
Bell [Bells|

With|With|
One | Two
Bell |Bells|

With|
One
Bell

With
Two
Bells

Uows Uowr UOwr> Uowr Unbw Uwblw Um0 CUooy

gows

Weights given in pounds. = All wei
For dimensions, see page 76.

ghts approximate.
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-STANDAR_D A. W. W. A. BELL & SPIGOT FITTINGS

Welghts of A. W. W. A. Standard Bell and Spigot Tees and
20

Crosses—Table No. 2

. 2 Tees - Crosses 5 2 Tees Crosses
Size | % |"Two | Three| Three| Four | Si#¢ | 8 |"Two | Three| Three| Four
© | Bells | Bells | Bells | Belis | . - © | Bells | Bells | Bells | Bells
3. 4D 92 94 124 125 |] 18x10 [ B 795 790 900 895
4x3 D 121 120 153 153 || 18x10 [ D 1038 | 1012 | 1216 | 1190
4 D 125 128 164 166 || 18x12 [ B 815 810 940 935
- 18x12 | D{ 1075 | 1049 | 1290 | 1264°
6x3 |D 173 170 207 204 || 18x14 | B[ 825 820 | 955 950
6x4 D 185 183 223 221 || 18x14 | D | 1083 | 1057 | 1306 | 1280
6 D[ 203 2001 259 257 || 18x16 | B | 855 850 | 1020 | 1015
18x16 { D | 1108 | 1082 | 1356 | 1330
8x4 (D} 262 2551 301 294 18 | B| 895 889 | 1101 | 1096
8x6 D 278 270 { 333 325 18 | D/ 1170 | 1144 | 1480 | 1454
8 D] 301 294 | 378 372 4 . .
20x4 |B{ 923 916 1 1006 999.
10x4 | D| 356 3381 395 377 || 20x4 1D| 1172 | 1148 | 1273 | 1248
10x6 D 371 351 424 406 || 20x6 | B 930 920 | 1010 | 1000
10x8 D 389 371 461 443 ) 20x6 | D 1188 | 1164 ) 1304 | 1280
10 D| 414 395 511 493 |} 20x8 [ B'| 945 935 | 1035 | 1025
20x8 (D} 1212 1 1188 {1352 | 1328
12x4 D 473 445 514 486 || 20x10- | B 955 945 {1 1060 | 1050
12x6 D 486 458 540 512 || 20x10 | D | 1252 | 1227 | 1431 | 1407
12x8 D 502 474 573 545 || 20x12 | B 975 965§ 1100 | 1090
12x10 | D 519 491 605-| 577 |j 20x12 | D | 1288 | 1263 { 1502 | 1479
12 D 540 512 651 623 {{ 20x14 1 B 980 970 { 1110 } 1100
20x14 | D | 1342 | 1318 | 1613 |: 1588
14x4 B 485 480 535 530 |} 20x16 | B | 1010 | .1000 | 1170 | 1160
14x4 D 614 588 666 641 ({ 20x16 { D 1347 | 1323 | 1622 | 1597
14x6 B 500 495 | 560 555 il 20x18 | B | 1035 | 1025 | 1225 |: 1215’
14x6 1D | 634 608 730 | 700 ]| 20x18 | D | 1365 | 1341 | 1658 | 1634
-1114x8 B 515 510 | 600 595 .
14x8 1D 662 636.{. 787 761 20 B 1077 | 1070 | 1314 { 1307
14x10 | B 535 525 635 625 20 |D| 1462 | 1438 | 1852 | 1828
14x10 | D 679 | 9653 822 796 .
14x12 | B 560 | 3550 | 680 670 || 24x6 | B | 1309 | 1289 | 1425 | 1405
14x12 { D 698 |.--672 860 834 [1 24x6 | D] 1670 | 1637 | 1809 |:.1775
14 | B 575 |1 569 723 715 || 24x8 |<B | 1323 | 1303 | 1453 | 1433
14 D| 750 724 938 963 || 24x8 | D | 1699 | 1664 | 1863 | 1830
24x10.{ B | 1341 | 1321 | 1489 | 1469
16x4 B 615 610 675 670 |1 24x10 | D | 1732 | 1699 | 1933 | 1900
16x4 D 783 760 864 841 || 24x12 |'B | 1362 | 1342 | 1532 | 1511
16x6 B 630 625 695 690 |} 24x12' | D | 1768 | 1735 | 2005 | 1972
16x6 D 802 779 902 879 || 24x14 | B | 1402 | 1381 | 1609 | 1589
16x8 B 645 | 640 730 725 || 24x14 |’ D | 1810 | 1777 | 2088 | 2055
16x8 D 831 808 961 938 || 24x16 |:B | 1443 | 1423 | 1694 | 1673
16x10- /B 660 655 760 755 |[ 24x16 | D[ 1858 | 1825 | 2185 | 2151
16x10. | D 872 849 | 1042 | 1019 || 24x18 | B | 1460 | 1440 { 1727 | 1706
16x12:| B.l' 685 680 805 800 (f 24x18 |'D | 1998-| 1965 | 2430 | 2397
16x12 |'D 884 861 | 1066 | 1043 || 24x20 |'B | 1474 | 1454 | 1756 | 1736
16x14 |.B 695 690 825 820 |} 24x20 |'D{ 2150 | 2116 | 2731 | 12697
16x14 || D 903 880 | 1104-.{ 1082 24 | B} 1523 | 1503 | 1854 | 1834
16 B 729|727 904 901 24 | D] 2295} 2262 | 2980 | 2947
16 |-Df 9917969 1282 | 1259 (| 30x6 - | A | 1272 | 1300 | 1407 | 1434
18x4 |"'B'| 755 |. 750 | .820 815 || 30x6 | B | 1433 | 1417 | 1580 | 1563
18x4 D 9531 927 | 1046 | 1020 30x6 | C | 1693 | 1673 | 1870 | 1850
18x6 B 765: 760 840 835 {[ 30x6 | D} 1934 | 1920 | 2113 | 2099
18x6 D 968 | 9421 1075-] 1049 || 30x8 | A | 1318 | 1346 | 1453 | 1481
18x8 B 780 775 | - 890 865 ([-30x8 | B 1282 | 1466 | 1624 | 1609
18x8 D } 1000 97411140 1114 30x8 - C| 1765 | 1745} 1953 | 1934
i 30x8 [D| 2004 | 1990 | 2182 | 2168

Weights given in pounds.

For dimensions, see page

All wexghts approximate.
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CAST IRON PIPE HANDBOOK
;Welghts of A. W. W. A, Standard Bell and Spigot Tees and
' Crosses—Table No. 20 (Continued)
® Tees .| Crosses 2] Tees Crosses
Size 8 Two |Three { Three | Four || Size 8 Two | Three| Three| Four
L Bells | Bells.| Bells | Bells .| Bells | Bells | Bells | *Bells
1[130x10 | A | 1369 { 1396 | 1512 | 1540 }| 36x18 | A | 2279 | 2246 | 2581 | 2548
{130x10-| B | 1538 | 1521 | 1685 | 1668 || 36x18 | B | 2701 | 2650 | 3073 | 3022
30x10 | C | 1857 | 1837 | 2075. | 2056 || 36x18 | C | 3206 | 3136 | 3673 | 3604
30x10 ‘D 2108 | 2094 | 2319°| 2306 || 36x18 | D | 4088 | 3991 | 4907 | 4810
30x12 | A | 1395 | 1420 [ 1555 | 1580 |} 36x20 | A | 2409 | 2346 | 2752 | 2689
. 30x12 (B | 1555 | 1540 | 1715 | 1700 |{ .36x20 | B | 2885 | 2800 | 3336 | 3251
H30x12 [ C | 1911 | 1891 | 2184 | 2164 || 36x20 [ C | 3721 | 3610 | 4525 | 4414
30x12 | D | 2154 | 2140 | 2411 | 2398 || 36x20 | D | 4298 | 4153 | 5179 | 5034
30x14 | A | 1547 | 1575 [ 1737 | 1764 || 36x24 | A | 2451 | 2513 | 2844 | 2907
30x14 | B | 1805 | 1789 | 2085 | 2069 || 36x24 | B | 3099 | 3014 | 3624 | 3539
B0x14 | C | 2159 [ 2140 | 2497 | 2477 || 36x24 | C'| 4020 | 3909 | 4949 | 4843
30x14 | D | 2715 | 2701 | 3278 | 3265 || 36x24 (D | 4872 | 4727 | 5020 |. 5774
{|30x16. | A | 1648 | 1675 | 1805 | 1832 || 36x30 |'A | 2830 | 2708 | 3242 | 3120
1130x16-1 B | 1899 | 1883 | 2200 | 2184 || 36x30 | B | 3785 | 3629 | 4660 | 4504
30x16. | C | 2272 | 2253 | 2662 | 2642 || 36x30 | C | 4501 | 4308 | 5570 | 5377
30x16;| D | 2854 | 28409 3481 |- 3467 || 36x30 { D | 5601 | 5359 | 6941 | 6699
30x18: | ‘A 1757 | 1741 | 2024 | 2007 36 [A | 3067 | 2946 | 3539 | 3418
30x18.|:B.| 2044 | 1976 | 2387 | 2318 36 | B | 4251 | 4096 | 5305 | 5149
18 1°C:| 2434 | 2353 | 2862 | 2781 36 | C 15089 | 4896 | 6379 | 6185
D} 2980 | 2966 | 3649 | 3636 36 | D] 6371 | 6128 | 8053 | 7811
A 11857 | 1818 | 2157 | 2118 (| 42x12 ( A | 2507 | 2577 | 2942 | 3010
B 2088 | 2584 | 2490 || 42x12 B | 2870 .] 2889 | 3400 | 3440
: 2700.] 3483 | 3372 || 42x12 | C | 3478 | 3507 | 3830 | 3860
3111 | 3980 | 3861 || 42x12 [ D |°3971 | 3989 | 4307 | 4325
1940.( 2312 | 2274 || 42x14 | A | 2671 | 2739 | 3080 | 3148
2219 | 2742 | 2648 || 42x14 B | 3075 | 3114 ) 3467 | 3537
2899 | 3751 | 3639 || 42x14 | C | 3747 | 3776'| 4147 | 4177
3378 | 4368 | 4249 (| 42x14 | D | 4877 | 4896 | 5776 | 5794
A 2129 | 2602 | 2520 || 42x16 | A | 2778 | 2846 | 3131 | 3170
2599 | 24531 3106 | 2960 || 42x16 [ B | 3196 | 3225 | 3552 | 3592
3500 | 3327 { 4433 | 4260 || 42x16 [ C | 3891 | 3920 | 4325 | 4354
4116’ | 3926 | 5251 | 5061 || 42x16 | D | 5067 | 5085 | 6019 | 6038
1 1777 | 1938 | 1963 || 42x18 [ A | 2950 2941 | 3268 | 3258
2073 | 2268 | 2287 || 42x18 | B.| 3407 | 3357 | 3794 | 3744
421, | 2433 | 2679 | 2691 || 42x18 | C'| 4630 | 4549 | 5511 | 5431
.| 2780, 2780 | 3038 | 3039 || 42x18 { D | 5375 .[,5265 | 6375 | 6263
1810 | '1835-| 1996 | 2021 || 42x20 | A | 3104 | 3056°| 3459 | 3411
2147 1 2345 | 2364 || 42x20 | B'| 3582 | 3486:]4009.| 3913
2534 2546 | 2822 | 2834 {| 42x20 | C | 4833 | 4697 | 5757 | 5621
2903 | 2902} 3188 | 3188 j| 42x20 | D | 5644 | 5470 {6712 ] 6538
1884 | 1909 | 2084 1 2109 )| 42x24 | A { 3314 32;66 3724 | 3676
2219.| 2238 | 2458 | 2477 )| 42x24 [ B | 3852 | 3756 { 4370 |' 4274
2644 { 2656 | 2962 | 2973 {| 42x24 1 C | 5246 |'5110 | ‘6344 | 6208
3033 | 3349 | 3350 || 42x24 VD 6163 | 5989 [:7351 7177
2039 | 2065 | 2279 | 2304 || 42x30 A | 3679 | 3553 |.4144 | 4018
2433 | 2709 | 2728 || 42x30 | B | 4774 | 4590 | 5790 | 5604
‘|[36x i 2872 | 2883 | 3251 | 3263 || 42x30 | C | 6071 | 5824 | 7392 | 71458
1| 36x14 | 3674 | 3674| 4380 | 4380 {| 42x30 | D] 7128 | 6825 | 8693 | 8390
36x16 |.A | 2135 | 2160 | 2410 | 2436 || a2x36 | A | 4076 | 3950 | 4705 | 4579
“{-[|36x16. 2521: | 2540 | 2853 | 2872 |]-42x36 | B | 5151 | 4966 | 6267 | 6081
36x16-{ 3003 (- 3014.) 3431 | 3442 || 42x36 [ C | 6674 | 6428 | 8152 | 7906
E 361516 3842 | 3841 . 4613 4612 . 42x36 | D] 7862 | 7559 9660 { 9357
,Weighgg given in pounds. All weights approximate. ‘For_dimensiohs.;iee ‘page 77.
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STANDARD A. W. W. A. BELL & SPIGOT FITTINGS
Weights of A. W. W. A. Standard Bell and Spigot Tees and
Crosses—Table No. 20 -(Continued)

. 2 Tees Crosses X 2 Tees Crosses
Size | 8 "Two | Three | Three | Four || Size | .8 "Two | Three| Three| Four

|© | Bells [ Bells [ Bells | Bells © | Bells | Bells | Bells { Bells
42 A | 4393| 4267| 5109| 4983 54x30 | A | 7497| 7220 8425] 8149
42 B| 5836] 5651). 7156] 6970) 54x30 | B | 86001 8295| .9252| 9309
42 C 7677| 7431| 9541 9295|| 54x30 | C | 10480| 10062] 11645/11227 -
42 D| 8983] 8680| 11205| 10902|| 54x30 { D 12246} 11762 13540(13056
48x12 | A | 3266] 3319 3653] 3707} 54x36 | A | 8210] 7935, -9451| 9175
a8x12 | B | 3752 3804 4107} 4160} 54x36 | B | 9466| 9161| 10881110577"
48x12 { C | 4510] 4576| 4940| 5007|j 54x36 | C {-11904| 11391} 13639(13220
48x12 | D} 5902| 5962| 6951 7011|| 54x36 | D| 13730} 13246| 15742{15259
48x14 | A | 3422] 3476¢] 3762] 3815/ 54x42 | A [ 9060 8754| 10746/10470~
48x14 | B | 4173] 4226] 4836| 4889 54x42 | B | 10716 10411| 1281912514
a8x14 [ C| 5240| 5305] 6180] 6246|| 54x42 | C | 12924 12505| 15289(14870:
48x14 | D| 6122| 6183 7222| 7282| 54x42 | D] 16638| 14611 17812 17306"
48x%16 { A | 3565 3619] 3947| 4001|| 54x48 | A | 10411] 10136} 12910|12634,
48x16 | B| 4046| 4098 4466| 4519 54x48 | B.| 11825] 11520 14534114229
48x16 | C | 5342| 5408] 6243| 6309/l 54x48 | C{ 14354 13936] 1754017119
48x16 | D] 6359| 6420 7526 7587 54x48 | D| 16677}-16171| 20217 1971,."2
48x18 | A| 3775] 3729] 4166} 4120 54 | A| 11567] 11200( 14773|14497
48x18 | B | 4287] 4225] 4718 4655 54 B | 13153] 12848| 16683{16377"
48x18 | C| 5782 5710] 6843 6771 54 C{ 15947 15528| 18277(19687:
48x18 | D| 6744| 6643 7966 7865 54 | D{.18508| 18003| 23166/|22660-
18x20 | A | 3956 3860 4378| 4282|| 60x20 | A| 7301] 6895, 7552] 7279
48x20 | B | 4500 4380f 4973| 4853} 60x20 { B [ 85311 8311] 19336| 8923
48%x20 | C | 6080| 5939 7222{ 7081lj 60x20 | C | 10485| 1002( 11170(10687
48x20 | D| 7052| 6870] 8329] -8147|| 60x20 | D | 12470] 11878 13247|12655
agx24 | A | 4221 a125] 4706 4609|| 6ox24 | A | 7604} 7330) (8118 7844
18x24 | B| 5262] 5142 6196 6076]| 60x24 | B | 9268| 8854] 10052] 9639 "
48x24 | C 6560] 6419 7899| 7758|| 60x24 | C| 11187| 10594 1212811645
48%x24 | D| 7655f 7473] 8999] 8817} 60x24 | D 13289) 12697) 14351113760:
48x30 | A| 4748] 4553] 5361| 5166] 60x30 | A | 8547| 8274 10544].9271:
48%30 { B{ 5951 5717] 7105 6870]| 60x30 | B'| 10148| * 9735( 11259|10846
48x30 | C | 7566{ .7286| 9155 8875l 60x30 | C | 12200f 11717| 13483113000
48x30 | D | 8769 "8426 10523| 10180]| 60x30 | D| 14696] 14557 16158]15566
48x36 | A | 5150] '4953| 5859] 5662| 60x36 { A | 9272| 8999( 10568/10262"
48x36 | B | /1 6732| .6498| 8079} 7845| 60x36 | B | 11471| 11059( 12997112584
48x36 | C | - 8205 :7925 9938} 9658(f 60x36 { C | 13635]| 13152 15325|14842
48x36. | D | 9619 19276 11677} 11334)| 60x36 D] 16164| 15572| 18220|17629
48x42 | A | 5503] -5307}. 6266] 6069l 60x42 | A} 10732) 9752| 12829 12557
48x%42 {'B.| . 7377| .7143]. 8918| 8684|| 60x42 | B | 12583[ 12172 14857(14445+
48x42 | G| - 8938| .8659]|'10872| 10592[| 60x42 | C | 15083} '14600| 17721(17238
48x42:| D| 10590] 10247 12975| 12632|| 60x42 | D | 17728] 18288 20640 .
48 | A | 6043| 5846} 7043| 6846[ 60x48 { A | 10681| 11310/ 13888
48 | B | 8385| .:8150{ 10310| 10075 60x48 | B [ 13570 13157 16089
48 | C | 10063| 9784 12424 12144l 60x48 | C | 16327|'15844| 18450 -
48 | D| 11913| 11596] 14840| 14512} 60x48 D| 19367} 18775| 23105[22514°
54x20 [ A |. 6267} 5991 6635] 6359|| 60x54 A | 12849( 12576] 16055[15782
54x20 | B| - 7238] 6933|: 7613] 7307 60x54 | B | 15251] 14839 1901218600
54%20.{ C |- 9061 8415( 9760f 9342(-60x54 C | 18036 17553] 22227)21744
54}520 D 10578_ 10073| '11308| 10802]| 60x54 | D | 21244| 20653| 26011 25419 .
54x24 | A’ 6654| 6379) ~7143| . 6867 60 | A'| 13584 13311] 17058{16785|- ] +
S54x24 | B.] 7884] 7578] 8645| 8340 60 B-| 16036| 15624] 2000719595, o
|154x24' | C | 9625] ' 7908] 10509 10090 60 C:| 19217]:18734| 23918 23436
54x24 | D1,11220| 107141 12141} 11633]] 60 .| D 227751 22130] 28171 27579
Weights given in pounds. All weights approximate. For dimensions, see page77.”
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CAST IRON PIPE HANDBOOK

Welghts of A. W. W. A. Standard Bell and SpigotY-Branches,

Type 1, and Blow-Off Branches—Table No. 21

Weights given in pounds.

All WEIghtS approxxmate.
For dimensions see pages 79 and 8
Weights-do not include manhole cover
Manbhole Pipe are from 5%, to 10% Ilghter than the corresp ndmg size and class

Blow—off Branch with manhole. o )

Blow Ofi
Y-Branches| Blow Off Blow Off | Branches|
Size | Class| Type 1 Size | Class| Branches|| Size |Class | Branches wat}llll
——— N anhole
iz | D 687 3| D 223 |Box8 | A 1260 | 1717
14| B 738 8x4| D 227 |soxs | B 1382 1847
14 | D go4 ||10x3| D 285 _|Boxs | C 1616 | 2104
16 ]I; iz ||1oxd D 286  |30x8 | D 1867 | 2379
16 .
18 | B 1266 ||10x6] D 300 |30x12 % }i;g };g;
18 | D | 107 M2x3| D | sed |B0<Il B | RESE | 2146
20 ' B 1635 | 12xd} D so5 1RON2l B | 1813 | 242¢
20 | D 2206 ||12x6] D 379 |[30x12
hix20] B 1663 :
24x20| D | 2393 |l14x4| B a0 [BEXB1 A1 1553 | %
24 | B 2300 (l14x4| D 471 - |36x8 | C 2234 2779
24 D 2957 14x6| B 415 36x8 D 2576 3160
30x24| A 2171 14x6, D 486
30x24f B 2217 36x12! A 1702 2183
30x24| C 3717 ||16x4| B 407 [Pex12| B 1072 | 2481
30524 D 2811 ||16x2| D 5907 |B6x12| C 2285 | 2830
30 A 3153 16x6| C 513 36x12f D 2627 3211
30 | B | 3687 16x6] D | 613 Nppoval A | 2432 | 2815
18x4| B 586 42x12| B 2728 3122
sodo| & | seas ||| D} 70s a1z Cfsany | odess
36x30| B 3874  ||18x6] B 603 |[42x12
36x30] C 1486 ||18x6| D 720 la2x16) A 2489 2872
36x30|" D 5189 42x16| B | 2786 | 3179
36 | A | 4049 |20x¢| B 687 |loxie| C 3365 | 3778
36 | B 5858 ||20x4| D 850  |liox16|- D 3862 | 4202
ol é aa0s |l20x6| B 705
1S | & Jas| 5| st ) s | s | s
X
42x30)° A 3368 iloax6| B | o916 [l4sx12| C 1417 4586
42x30( ' B 3890 ||24x6| D 1149 |@8x12| D 5107 | 5256
ol 5| B4 ||2as| B 935 |lsxts| A | 3387 | 3543
X X
e 4| e | e e B | I | A
X 3 X 452
axso| C | o1ot $0x61 & | 1208 lisxie| D | 5214 | 3363
x36 D 8025 ||3ox6| C | 1528 |s4x12| A 4287 | 4488
FAR S O R
X
'g 'g igg;g 54x12| D 7002 7131
w36l A 727 ax16) A 4355 | 4556
oo B A 5ax16| B 5013 | 5108
15:36] C 6104 5ax16| C 6096 | 6252
bred B 3731 54x16|' D 7126 | 7255
18x42| A 7345 60x12f: A 5263 5464
48x42| B | 8338 B 6159 6337
48x42] C 10249 +C 7418 7569
55| |
48 | B | 12132 “B 6233 | 6411
48 | C | 14716 6| € 7542 | 7694
48 | Dl 16965 sox16] D | 8927 | o046
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STANDARD A.W.W.A. BELL & SPIGOT FITTINGS.
Weights of A. W, W. A. Standard Bell and Spigot Y-Branches
Type 2
Table No. 22
X ¥Y-Branch Y-Branch A VY-Branch
Size | Class | Type 2 Size | Class | Type 2 Size | Class Type 2
3 D 78 18x16 B 1295 36 A 4950
4 D 103 18x16 D 1657 36 . B 6510
6x4 D 167 - 18 B 1360 36 (o 7910 B
6 D 181 18 D 1740 36 D 9180 ',
8x4 D 234 20x12 B 1520 42x24 A 5100
8x6 D 268 20x12 D 1868 42x24 B 5840
8 D 291 . ||20x14| - B 1525 || 42x24 C 7310
10x6 D . 366 20x14 D 1928 42x24 D 8120 |
10x8 D 398 20x16 B 1589
10 D 434 20x16 D 2014 42x30 A 5545
. . : 42x30 B 6780
12x6 D 520 20x18 B 1654 42x30 C 7765
12x8 D 553 "||20x18 D 2080 42x30 D 9025
12x10 D 588 20 B 1725
12 D 632 20 D 2200 42x36 A 6445
42x36 B 7895
14x6 B 566 24x16 B 1835 42x36 C 9400
14x6 D 825 24x16 D 2570 42x36 D 10890
14x8 B 614 24x18 B 1980 : g
14x8 | D 860 24x18 D 2680 42 A 7590
14x10 B 634 42 B 9165
14x10|. D 900 24x20 B 2200 42 C 11565 ¢
N R : 24x20 D 3085 42 D 13370
14x12(:. B 2690 ' j| 24 B 2600 :
14x12(“ D=3+ 946 || 24 D 3600 48x30| A 6680
14 |4 By 1690 < N 48x30 B 7975
14 D i 985 !{30x20 A 2743 48x30 [ 9515
s 04 H30x20 B 3142 48x%30 D 10900
16x8 B { -C 3758
16x8 D D- 4123 48%36 A 7850
16x10 B 48x36 B 9500
16x10| D A 3178 48x%36 C - 11310
16x12 B B 3874 48x36 D 12955
16x12 D . C 4334 . .
16x14 B - ‘915 30x24 D 4852 48x42 A 9115
16x14 D 11322 |- 48x42 B 10890
16 B 965 30 A 3519 48x42 C 13100
16 D 1415 . 30, B 4360 48x42 D 15115
. | A z0iy o € 4950' 3
18x10(" B - 1170 || 730:: D 57601 48 A 10600
18x10 D i 1460 . ) . C 48 B 12555
18x12] . B v 1180 . ,[{36x24 A 3572! 48 C 15130 @
18x12 D2y ¢ 1512 36x24 B. 4262: 48 D 17385
18x14 Bi- i 1235 36x24 C 5330 .
18x14(: D+ - 1575 36x24 D. . 5875 . P
36x30 A 4340
36x30 B 4890
36x30 C 5740
36x30 D 6625
Weights given in pounds. All weights approximate.
For dimensions, see page 79. :




CAST IRON PIPE HANDBOOK
Welghts of A. W. W. A, Standard Bell and
Spigot Reducers
Table No. 23
. | Large | Small . . Large | Small .
Spigot : ‘ Spigot
Class | End End Size | Class | End End
Bell | Bell | Ends : Bell | Benl | Ends
D 39 35 31 20x10 B 516 445 414
D %3 40 36 20x10 D 615 529 499
D 50 45 40 20x12 B 556 491 455
D 104 97 82 20x12 D 656 576 539
D 132 119 104 || 20x14 B 554 508 453
D 150 | 143 121 20x14 D 700 638 583
D 162 146 131 20x16 B 592 564 490
D 180 169 150 20x16 D 751 711 635
D 201 198 170 20x18 B 633 617 531
20x18 D 800 776 683
D 201 179 163 -
D 218 | 202 181 24x14 B 680 607 552
D 240 231 202 24x14 D 866 764 710
D 267 261 229 24x16 B 717 663 589
. 24x16 D 917 838 762
B 249 216 194
D 288 256 234 24x18 B 758 717 630
B 2758 248 220 24x18 D 965 901 810
D 314 288 260 24x20 B 776 675
24x20 D 1027 987 871
B 305 279 250 i
‘D 344 320 290 30x18 A 903 796 710
B | 339 321 284 30x18 |- B 969 878 791
D 378 360 324 30x18 C | 1166 1048 956
30x18 D | 13 1146 1054
B 300 248 226 N .
D 355 300 278 [ A 947 856 754
"B 326 280 252 30x20 B 1014 937 836
D 381 332 304 Short o] 1227 1134 1018
JU D 1366 1232 1115
"B 356 312 282 . .
D 410 364 334 - A 1661 1569 1468
B 391 353 317 30x20 B 1804 1728 1626
D 445 405 368 Tong: Cc | 2190 2098 1981
B 389 370 315 D 2423 2289 2172
D 484 461 407 ) :
: A 1049 981 854
B . 374 315 287 30x24 B 1113 1063 935
D 438 373 345 Short C 1354 1300 1144
B 404 347 317 : D 1493 1398 1242
D 468 405 375
’ A 1921 1869 1661
B 438 388 352 30x24 B 1998 1946 1820
D 502 446 410 Long C 2438 2384 2228
B 437 - | 406 350 D 2670 2575 2419
D 541 502 448 -
: B~ 469 457 383
“18x16| D | 585 569 492
Weights given in pounds. All weights approximate.
For dimensions, see page 80.
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STANDARD A. W. W. A. BELL & SPIGOT FITTINGS
| Weights of A. W. W. A. Standard Bell and Spigot Reducers
Table No. 23 (continued)
Large | Small . Large | Small .
Size | Class | End End | Spigot|| Size | Class| End End | Spigot
Bells | Bells |. Ends Bells | Bells | Ends
A 1286 1141 1039 [ A 1806 1660 1467
36x20 B 1450 1272 1170 |[42x30 B 2065 1889 1711
Short C 1739 1534 1417 || Short C 2480°| 2275 2065
D 1951 1705 1589 D 2869 2650 2399
A 2018 1872 1771 A 2839 2683 2500
36x20 B 2274 2095 1994 |} 42x30 B 3271 3095 2917
Long C 2738 2533 2416 |} Long C 3938 3732 3523
D 3072 2827 2710 D 4563 4344 4093
A 1339 1280 1153 A 1984 1891 1645
36x24 B 1564 1411 1283 |142x36 B 2281 2207 1926
Short [o 1884 1718 1562 || Short o 2735 2642 2320
D 2096 1890 1734 D 3184 3076 2714
A 2211 2091 1964 A 3143 3050 2803
36x24 B 2468 2314 2188 |[42x36 B 3639 3565 3285
Long C 2985 2820 2664 || Long C 4373 4279 3958
D 3319 3113 2957 D 5101 4993 4631
A 1490 1436 1243 A 3381 3168 2975
36x30 B 1747 1645 1467 ||48x30 B 3883 3606 3428
Short |} - C 2051 1939 1730 }| Short C 4641 4801 4092
D 2375 2264 2013 -l D 5388 5013 4762
A 2366 2312 2119 A 5769 5556 5362
36x30(} B 2783 2680 2502 |148x30 B 6635 6359 6180
Long [ 3271 3159° | 2950 |{ Long [o 7928 7588 7379
D 3796 3684 3434 D 9214 8839 8588
A 1602 1364 1262 (A 3684 3525 3278
42x20 B 1768 1515 1413 ||48x36 B 4252, 4077 3796
Short{} C 2168 1869 1753 || Short C 5076 4849 4527
’ D 2445 2092 |- 1975 D 5925 5662 5300
A 2491 E2254 2152 A 6316 6156 5909
42x20 B 2764 2511 2410 |[48x36 B 7299 7125 6844
Long [o 3405 3106 2989 || Long-||:-C 8713 8485 8164
D 3839 3486 3369 ;D 10184 992_0 9558
A 1715 1504 1376 : (A 4066 3998 3659
42x24° B 1881 1654 1527 || 48x42 B 4667 4564 4212
Short C 2313 2053 1898 | Short C 5649 5516 5100
: D 2590 | 2276 2120 D 6585 6429 5959
A 2685 2472 2346 [ A 7003 6936 6597
42x24 B 2958 2730 2603 1|48x42 B 8049 7948 7594
Long C 3652 3392 3237 |} Long C 9612 9197
D 4086 3772 3616 D 11373 111217 | 10747
. Weights givenin pounds. All weights approximate. .
. For dimensions, see page 80. - } E
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Weig]ifs of A.W.W.A. Standard Bell and Spigot Reducers

* Table No. 23 (continued)
Large | Small Large | Small .
Size | Class| End End- | Spigot|| Size | Class| End End | Spigot
Bells Bells | Ends Bells | Bells | Ends
- |f A | a228 | 3960 | 3722 A | 7999 | 7631 | 7384
54x36|] B 4925 | 4610 | 4330 || 60x36 || B 09516 | 9126 [ 8846
Short || C 5953 | 5580 | 5259 || Long C | 11405 | 10902 | 10581
D | 6995 | 6543 | 6181 D | 13527 | 12916 | 12554
A 7216 | 6957 | 6710 A 5002 | 4816 | 4477
54x36]] B 8401 | 8087.| 7806 || 60x42 |] B 5901 | 5676 | 5321
Long [| C | 10178 | 9805} 0484 (| Short |} C 7264 | 6855 | 6440
D | 11962 |.11510 | 11148 D 8593 | 8089 | 7619
A 4609 | 4442 | 4103 A 8687 | 8411 | 8072
s4x42}] B 5340 | 5100 | 4745 || 60x42 |] B. ] 10265 | 9950 9595
Short {| C | 6526 | 6247 | 5832 (| Long {} C | 12439 | 12030 | 11614
D 7655 | 7310 | - 6841 D | 14716 | 14213 | 13743
A 7903 | 7737 | 7308 A 5572 | 5363 | 4957
54x42|] B 9151 | 8910 | 8556 || 6048 || B 6502 | 6287 | 5832
Long |} C | 112117] 10932 | 10517 || Short || C 7830 | 7555 [ 7006
D | 13152 | 12807 | 12338 D 9259 [ 8910 | 8285
' A 5083 | "4984 | 4578 A ‘9552 | 9344 | 8938
54x48|] B 5851 | 5711 5256} 60x48 || B | 11187 | 10972 ( 10517
Short [} C 7095 | 6950 { 6401 || Long C | 13458 | 13183 | 12634
T D 8326 | 8137 7512 D | 15917 | 15568 | 14943
A | 8757 | se60] 8253 A 6019 | 5910 | 5404
54%481] B {10073 | 9933 | 9478 || 60x54 || B 7018 | 6961 | 6348
Long |} C | 12239 | 12093 | 11544 {| Short |} C 8574 | 8444 | 7750
D | 14364 | 14175 | 13550 D [10152| 9992 ( 9178
A 4711 | 4342 | 4096 A | 103601 10251 | 9745
60x36|] B 5576 | 5186 | 4906 || 60x54 |] B | 12132 [ 12075 | 11462
Short ] C | 6692 | 6189 ] 5867 || Long C | 14803 | 14673 | 13979
D 7934 | 7322 | 6960 | D | 17530 | 17371 | 16557

Weights given in pounds. All weights approximate.

For dimensions, see page 80,
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STANDARD A.W.W. A. BELL & SPIGOT FITTINGS
Welghts of A. W. W. A. Standard Bell and Spigot Sleeves
Caps and Plugs
Table No. 24
T Sleeves, | Sleeves, Caps Caps
Size Class Short Long Split Without With Plugs
Pattern | Pattern | Sleeves Lugs Lugs
3 D 36 50 | 20 7
4 D 47 61 72 27 8
6 D 68 87 86 40 14
8 D 104 119 133 59 24
10 D 123 176 158 84 38
12 D - 174 223 222 108 142 50
14 B 220 249 264 137 170 63
14 D 240 280 286 149 183 65
16 B 274 391 323 186 237 90
16 D 305 443 359 201 251 96
18 B 321 462 373 228 282 111
18 D 360 518 469 248 305 121
20 B 374 532 428 280 338 151
20 D 440 625 502 310 370 156
24 B 477 680- 535 388 440 375
24 D 583 821 652 i 438 493 472
30 A 648 943 590 682 481
30 B 652 949 596 688 556
30 C 760 1088 644 738 641
30 D 876 1262 702 802 723
36 A 833 1202 844 948 682
36 B 943 1362 917 1073 786
36 C 1077 1563 998 1108 914
36 D 1217 1772 1083 1196 1050
42 A 1097 1577 1277 1429 991
i 42 B 1184 1702 1397 1573 1138
: 42 C 1381 1997 1543 1726 1353
} 42 D 1561 2262 1684 1876 1551
| 48 A 1337 1922 1789 1965 1340
48 B 1481 2129 1943 2125 1506
48 [o 1752 2532 2138 2330 1800
48 D 1986 2879 2337 2535 2047
54 A 1612 2316 2373 2555 1697
54 B 1835 2634 2557 2751 1945
54 C 2156 3126 2799 2902 2356
54 D 2450 3571 3043 3251 2733
60 A 1906 2731 2902 3089 2045
60 B 2127 3058 3104 3296 2434
60 C 2491 3601 3395 3594 2904
60 D 2895 4231 . 3678 3884 3397
Weights given in pounds. All weights approximate.
For dimensions, see pages 81 and 82.

o7 ~



CAST IRON PIPE HANDBOOK

Table No. 25

Weights of A. W. W. A, Standard Bases and
Standard Bell and Spigot Offsets

Bases Degree {Weight Degree [Weight
Size| Class| for Size | Class |of Offset| of Size | Class |of Offset| of i
Tees Inches |Offsets Inches |Offsets||
-3 8 4 D 6 78 12 D 6 363
4 13. 4 D 12 91 12 D 12 461
6 21 4 b 18 111 12 D 18 561/
8 32 : ——~l_ -
10 50 6 D 6 121 14 D "6 456
12: 73 6 D 12 144 (| 14 D. 12 582
14 w 113 6 D 18 176 14 D 18 7117
16 |- %] 142 :
18 & 177 8 D 5 182 16 D 6 573 |
200 225 8 D 12 220 16 D 12 742
24 — 300 8 D 18 265 16 D 18 901
30| < 418
36.|. 548 10 D 6 253 18 D 6 705
42 ‘676 10 D 12 315 18 D 12 909
438 . 889 10 D 18 378 18 b 18 1101
54 2130 ’
60 2510 20 D 6 846~
. 20 D 12 1088
20 D 18 1334 |~

standard tee found on page 89 or page 189.
For dimensions, see page 82.

Weights given in pounds. All weights approximate.
“To find weight of base tee add the weight ‘of ba.se given above to the welght of
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‘HIGH PRESSURE BELL & SPIGOT FITTINGS

Weight_s of High Pressure Bell and Spigot Bends, Sleeves,
Plugs and Caps

Table No. 26

. -] o ] 170 - : .

Size | Class Bgeelds B‘ffnds %i,{ﬁs éixﬁls Sleeves | Plugs Caps
6 E 185 196 165 165 126 45 91
6 - H 210 222 186 186 143 49 99
8 F 287 288 240 240 174 76 117
8 H 328 329 274 274 195 85 128
10 R 419 397 364 364 235 108 160
10 H 479 454 415 413 261 114 178
12 K 584 526 526 526 207 141 203
12 H 682 612 612 612 341 155 228
14 F 788 729 729 729 375 175 284
14 H 931 862 862 862 439 184 328
16 F 1121 980 980 980 456 249 357
16 . H 1335 1167 1167 1167 536 265 378
18 ¥ 1365 1287 1287 1287 615 308 460
18 H 1653 1548 1548 1548 679 326 538
20 F 1663 1663 1663 1663 662 381 551
20 H 1970 1970 1970 1970 783 440 640
24 F 2547 2548 2548 2548 891 562 828
24 H 3280 3280 3280 3280 1038 685 934
30 E 3879 3498 3498 3498 1184 984 1215
30, F 4300 3877 3877 3877 1320 1073 1338
36 E 6552 6199 6199 4108 1609 1417 1865
36 F 7292 6901 6901 4562 1812 1537 2035

Weights given in pounds. All weights approximate.
For dimensions, see pages 86 and 87.
Welghts do not include lugs. For lugs, see page 69«

99



CAST IRON PIPE HANDBOOK
Weights of High Pressure Bell and Spigot Tees and Crosses
Table No. 27
2 2 2
Size g Tees [Crosses|| Size g Tees [Crosses| Size g Tees | Crosses
6 F 278 363 || 18x12 |'F | 1325 | 1528 || 30x12 | E| 2523 | 2728
6 H 311 405 || 18x12 | H | 1587 | 1813 || 30x12 | F | 2774 ] 2884
8x6 F 366 450 || 18x14 | 7 | 1377 | 1624 i} 30x14 | E| 2834 | 3168
8x6 H 418 512 |1 18x14' | H | 1654 | 1948 || 30x14 | T | 3118 | 3470
8 F 400 516 || 18x16 | F | 1438 | 1747 || 30x16 { E | 3204 | 3663
8 H| 458 592 || 18x16 | H | 1722 | 2083 || 30x16 | F | 3505 | 3978
10x6 F 477 560 18 F | 1509 | 1889 |{ 30x18 | E | 3381 | 3922
10x6 H 535 628 18 H| 1849 | 2278 || 30x18 | F | 3692 | 4250
10x8 F 509 624 || 20x6 F | 1512 | 1596 || 30x20 { E | 3580 | 4242
10x8 H 574 708 || 20x6 H| 1761 | 1854 || 30x20 | ¥ | 3912'| 4996
107 | F 548 702 || 20x8 F | 1545 | 1660 || 30x24 | E{ 3919 | 4749
10 H 614 786 || 20x8 H | 1801 | 1933 || 30x24 | F | 4273 | 5133
12x6 F 615 699 |[ 20x10 | F | 1584 | 1738 30 B | 4562 | 5770
12x6 H 702 783 || 20x10 | H | 1839 | 2011 30 F 5019 6333
12x8 F.| 647 763 || 20x12 | F | 1627 | 1823 || 36x6 E | 3080 | 3166
12x8 H 742 874 || 20x12 | H | 1891 | 2115 ([ 36x6 F | 3447 | 3537
12x10 | F 686 | 841 || 20x14 | F | 1673 | 1916 || 36x8 | E | 3223 | 3339
12x10 || H 781 952 || 20x14 H| 1958 2248 || 36x8 | F | 3602 | 3722
12 |'F 7317 931 || 20x16 [ F | 1733 | 2037 || 36x10 | E | 3377 | 3534
f 12 H 835 | 1062 || 20x16 | H | 2032 | 2396 || 36x10 | F | 3768 | 2929
14x6 |F 774 858 11 20x18 | F | 1804 | 2179 {| 36x12 | E | 3535 | 3738
14x6 H| 913 | 1006 || 20x18 | H | 2181 | 2693 || 36x12 | F | 3940 [ 4150
|| 14x8 | F 806 922 20 F| 1896 | 2363 || 36x14 | E | 4113 | 4537
14x8 |'H| 952 | 1085 20 H| 2202 | 2775 |} 36x14 | F | 4558 | 4993
14x10 t F 845 | 1000 || 24x6 F | 2087 | 2170 || 36x16 | E | 4317 | 4824
14%¥10 |'H.| 1040 | 1261 || 24x6 H | 2574 | 2668.|| 36x16 | F { 4776 | 5298
14x12 |'F 891 | 1091 || 24x8 F {2118 | 2235 || 36x18 | E | 4526 | 5122
14x12 | H.| 1045 | 1272 |} 24x8 H ] 2614 | 2748 || 36x18 | F | 4999 | 5612
14 |F 946 | 1186 || 24x10 | F | 2158 | 2314 || 36x20 | E | 4754 | 5461
14 |'H| 1114 | 1407 || 24x10 | H | 2654 | 2827 |} 36x20 | F | 5244 | 5971
16x6 F 972 | 1054 (| 24x12 | F | 2204 | 2406 |} 36x24 | E{ 5250 { 6189
16x6 H | 1154 | 1248 |} 24x12 | H | 2710 | 2938 || 36x24 { F | 5777 | 6746
16x8 F | 1003 | 1119 || 24x14 { F | 2237 | 2475 ]| 36x30 | E | 6013 | 7345
16x8. H| 1194 | 1327 || 24x14 | H | 2760 | 3042 }| 36x30 | F | 6603 | 7993
16x10 | F | 1042 | 1197 || 24x16 | F | 2296 | 2593 36 E | 6873 | 8687
16x10 [ H | 1233 | 1404 || 24x16 | H | 2832 | 3186 36 F | 7616 | 9602
16x12 | F.| 1088 | 1289 || 24x18 | F | 2479 | 2924
16x12 {'{H | 1288 | 1514 || 24x18 | H | 3032 | 3552
16x14 |'F | 1136 | 1384.|| 24x20 | F | 2581 | 3125
16x14 | H] 1356 | 1650 [} 24x20 | H | 3122 | 3730
16 F | 1198 | 1507 24 F | 2733 | 3421
16 H | 1423 | 1785 24 H| 3316 | 4110
18x6 F | 1212 | 1294|; 30x6 E| 2244 | 2329
18x6 H | 1453 | 1545 || 30x6 F [ 2472 | 2559
18x8 F | 1243 | 1359 || 30x8 E 12355 ] 2471
18x8 H | 1493 | 1625 || 30x8 F | 2596 | 2716
18x10 | F | 1282 § 1438 }{ 30x10 | E | 2477 | 2634
18x10 | H| 1530 | 1703 || 30x10 | F | 2727 | 2888
Weights given in pounds. All weights approximate.
For dimensiong, see page 86. }
Weights do not include lugs. For ligs, see page 69.

-100




' HIGH PRESSURE BELL & SPIGOT FITTINGS

Weights of High Pressure Bell and Spigot Reducers

Table No. 28 CE

o . L]%r%e‘ S}rEna(il Soi R

17 n nd pigot|| s; ;

Size | Class Bell Bell :| Ends sz‘e: Class

8x6 P 231 220 18x16] F

8x6 H 265 - 248 - .|| 18x16] H
10x6 F 291 262 205 20x12] F .
10x6 H 329 300 237°(|'20x12] - H
10x8 F 328 310 254 ||-20x14| “F :
19x8 H . 370 358 203 (| 20x14] H
12x6 ¥ 363 311 266 || 20x16| F :
12%6 H 417 360 312 j{ 20x16]  H.:
12x8 F 400 |, 359 . 303 | 20x18] F
12x8 | H 474 418 .} 369 || 20x18] H .
12x10] F - . 442 + 415- 345 || 24x12) 'F
12x10f H 510 482 405 {| 24x12)1 H
14x6 F 438 | 370 |, 325 | 24x14 F :
14x6 H 517 - 430 - 381 |} 24x14} H -
14x8 F 473 418 362 || 24x16] F
14x8 H 558 . 488 ° 422 1} 24x16/ 'H -
14x10] F. .518 478 - 404 || 24x18|  F
1‘}1_:10 H 610 552 | 474 | 24x18] H. *
14x12| F 566 549 - 453 || 24x20|. F
14x12| H 664 639 - 535'(| 24x20] H
16x6’ F 532 : 430 386 |} 30x20] E-*
16x6° H 632 504 452 |} -30x20 .. F
16x8" F 569 . 478 - 422 (| 30x24] . E
16x8:| H 673 .| 562 497 || 30x24| ' F ¢
16x10| F 611 . 538 465 || 36x24] E- '
16x10( H 725 '} 626 :| 548 |{ 36x24| F.
16x12|  F 660 610 513 || 36x30] E°
16x12| H . . 785 713 609.|| 36x30] F
16x14] F 719 686 | 5721
16x14| H. 855 814 678
18x10] F 721 607 | 3533
18x10| H 863 712 635 A P
18x12| F - 770 678" 581 :
18x12| H 923 800 604 ‘
18x14| F 829 754 641 .
18x14] H 992 900 764 !

‘Weights given in pounds. All weights approximate,
For dimensions, see page 87.. }
 Weights do not include lugs. For lugs, see page §9.
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- Bridge Line of Bell and Spigot Cast Iron Pipe
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AMERICAN GAS ASSOCIATION STANDARD SPECIFICATIONS

'SECTION 6

AMERICAN GAS ASSOCIATION: ~
' STANDARD " ¥

Cast IRON BELL AND SricoT
- PreE AnD FrrTINGS

103



CAST IRON PIPE HANDBOOK

American Gas Association
Standard Specifications for Cast Iron
Gas Pipe and Fittings

PECIFICATIONS FOR CAST IRON PIPE FOR
GAS USES. Standard specifications covering gas
pipe and fittings were adopted by the American Gas

Institute in 1913 and later revised and adopted by the
American Gas Association. These specifications cover
both Bell and Spigot and Flanged pipe, as well as the
fittings in ordinary use in gas line construction.

Two types of bell are covered by these specifications.
The standard bell, known as Bell No. 1, for ordinary
- construction and an alternate called Bell No. 2, for con-
struction involving the use of cement or combination
cement and lead joints. These specifications prepared by
gas engineers to fit their particular problem, have been
adopted bodily by the Bell and Spigot Pipe makers of
the country. Departure from the dimensions of standard
pipe and fittings usually makes it necessary to use addi-
tional equipment and patterns, with the result that the
cost of production is increased. For this reason, adherence
to the specifications will result in economy for the pipe
user. In the past, there has been some. differences of
opinion as to Bell dimensions, and while this matter has
“been almost entlrely ironed out, there seems to be a
difference of opinion as to':the proper depth of Bell.
- While, as mentioned above, it is advisable to use standard
material, the manufacturers are prepared to make Bell
dimensions to suit -any individual customer at a cost
slightly larger than is the case if standard Bells were used.
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. American Gas Association
Standard Specifications for Cast Iron
Pipe and Fittings

Description of Pipe and Fittings

SectIoN 1. All pipe shall be made with bell and spigot
joints. The pipe and fittings shall accurately conform to
the dimensions given in the tables accompanying and
forming a part of these specifications. The pipe shall be
straight and of true circles in section, with their inner and

outer surfaces concentric; and cast at least 12 feet in

length, exclusive of socket or bell. In the case of pipe
of different weight from those specified in the tables, the

outside diameter of the body and bell dimensions shall |

conform to the tables.

Allowable Variation in Diameter

SectION 2. All sockets and spigots shall be tested by
circular gauges. All pipe and fittings shall be rejected
which are defective in joint room, or which vary from
standard dimensions in the diameters of the sockets and
the outside diameters of spigots more than is given in the
table below.

Size Pipe Fittings
16in.orless....ivovuivunns hsedeeasaraereean 0.06 in, 0.12 in.
20in.and 2400 .00 ii i e 0.08 in. 0.15 in,

. 30in., 36in.and 42in.. ... . iiiieiieiieennes 0.10 in, 0.20 in.
20 T . 0.12 in, 0.24 in.

~ Allowable Variation in Thickness

SectioN 3. The variations allowed below the standard
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thickness shall not be greater than that shown in the
table below:

Size . Pipe Fittings
Bin OrJesS.evivireessornnssancovescssncsnnne 0.08 in. 0.10 in.
10in. 0 360m....viviiiiiiiii i 0.08 in. 0.12 in.
42 in. and 481in........... N 0.10 in, 0.15 in.

For all sizes of pipe and for fittings 10 inches or larger,
variations from the standard thickness of 0.02 inch in
excess of the allowances above given shall be permitted
for spaces not exceeding 8 inches in length in any direction.

Treatment of Defective Spigots -

SeEcTION 4. Defective spigot ends on pipe 12 inches or
more in diameter may be cut off in a lathe, and a half-
round wrought iron band shrunk into a groove cut in the
end of the pipe. Not more than 12 per cent of the total
number of accepted pipe of each size shall be cut and
banded, and no pipe shall be banded which is less than
11 feet in length, exclusive of the socket. In case the
" length of a pipe differs from 12 feet, the standard weight of
the pipe given shall be modified in accordance therewith.

Marking

SectION 5. Every pipe and fitting shall have distinctly
cast upon it the initials of the maker’s name. When cast
especially to order, each pipe larger than 4 inches may
also have cast upon it figures showing the year in which
it was cast and a number signifying the order, in point
of time, in which it was cast, the figures denoting the year
being above and the number below, thus:

1913 1913 1913
1 2 3.

also any initials, not exceeding four, which may be re-
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quired by the purchaser. The letters and figurés shall
- be cast on the outside, and shall not be less than 2 inches
in length and Y4-inch in relief, for pipe 8 inches in diam-
eter and larger. For smaller sizes of pipe, the letters
may be 1 inch in length. The weight shall be conspicu-
ously painted in white on the inside of each pipe and
fitting.

Allowable Percentage of Variation in Weight

SEctioN 6. No pipe shall be accepted the weight of
which shall be less than the standard weight by more
than 5 per cent for pipe 16 inches or less in diameter,
and 4 per cent for pipe more than 16 inches in diameter;
and no excess above the standard weight of more than: |

- the given percentage for the several sizes shall be paid for.
The total weight to be paid for shall not exceed for each
size and class of pipe received, the sum of the standard
weights of the same number of pieces of the given size
and class by more than 2 per cent. No fitting shall be
accepted, the weight of which shall be less than the -
standard weight, by more than 10 per cent for sizes 12

" inches or less in diameter, and 8 per cent for larger sizes,
except that curves and “Y” pieces 16 inches in diameter
and larger may be 12 per cent below the standard weight;
and no excess above the standard weight of more than
the above percentages for the several sizes will be paid for.

Quality of Iron

SectioN 7. All pipe and fittings shall be made of cast
iron of good quality and of such character as shall make
the metal of the fittings strong, tough and of even grain;
and soft enough to satisfactorily admit of drilling and

107



CAST IRON PIPE HANDBOOK

Cutting. "The metal shall be made without any admixture
of cinder iron or other inferior metal, and shall be re-
‘melfed in a cupola or air furnace.

Tests of Material

 SectioN 8. Specimen bars of the metal used, each
being 26 inches long by 2 inches wide and 1 inch thick,
shall be made without charge as often as the engineer
. may direct, and in default of definite instructions, the
foundry shall make and test at least one bar from each
heat or run of metal. The bars, when placed flatwise
upon supports 24 inches apart and loaded in the center,
shall support a load of 1,800 pounds and show a deflec-
_ tion of not less than 0.30 inch before breaking; or, if pre-
ferred, tensile bars shall be made, which will show a
breaking point of not less than 18,000 pounds per square
inch. The foundry shall have the right to make and
break three bars from each heat or run of metal, and the
test. shall be based on the average results of the three
bars. Should the dimensions of the bars differ from those
given above, a proper allowance therefor shall be made
in the results of the tests.

Tests of Pipe

SectioN 9. All pipe, after having a general inspection,
shall be subject to a water pressure test of at least 300
pounds per square inch for 16 inches and smaller, and
at least 150 pounds per square inch for 20 inches and
larger. If required by the engineer, they shall also be
subjected to a hammer test under this pressure. Any
pipe showing defects by leaking, sweating or otherwise,
shall be rejected.
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Casting of Pipe

SecrioN 10. The pipe shall be cast vertically in dry
sand molds and shall not be stripped or taken from the
pit while showing color of heat, but shall be left in the -
flasks for a sufficient length of time to prevent unequal
contraction due to subsequent exposure.

Quality of Castings
Secrron 11. The pipe and fittings shall be smooth,
free from scales, lumps, blisters, and sand holes and
defects of every nature which unfit them for the use for
which they are intended. No plugging, filling or burning .
in will be allowed without special permission.

Cleamng and Inspection

SectioN 12. - All pipe and fittings- shall be thoroughly
cleaned and subjected to a careful hammer inspection.

Weighing

SectioN 13. The pipe and fittings shall be Welghed for
payment, under the supervision of the engineer. If de-
sired by the engineer, the pipe and fittings shall be weighed
after their delivery, and the weights so ascertained shall
be used in the final settlement, providing such weighing
is done by a legalized weigh master. Bids shall be sub-
mitted and a final settlement made upon the basis of a
ton of 2,000 pounds. ‘

Contractor to Furnish Men and Materials -
Secrion 14. The contractor shall provide all tools,

testing machines, materials and men necessary for ‘the
required testing, inspection and weighing at the foundry =
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of the pipe and fittings; and should the purchaser have
no inspector at the works, the contractor shall, if
required by the engineer, furnish a sworn statement that
" all of the tests have been made as specified, this statement
to contain the results of the tests upon the test bars.

Power of Engineer to Inspect

Section 15. The engineer shall be at liberty at all
times to inspect the material at the foundry, and the
molding and the casting of the pipe and fittings. The
forms, sizes, uniformity and condition of all pipe and
fittings herein referred to shall be subject to his inspection
and approval, and he may reject, without proving, any
pipe or other casting which is not in conformity with the
specifications or drawings.

Inspector to Report

SecrionN 16. Theé inspector at the foundry shall report
daily to the foundry office, all pipe and fittings rejected,
with the causes of rejection.

Castings to be Delivered Sound and Perfect

Section 17. All the pipe and other castings must be
delivered in all respects sound and conformable to these
specifications. - The inspection shall not felieve the con-
tractor of any of his obligations in this respect, and any

~ defective pipe or other castings which may have passed
the engineer, shall at all times be subject to rejection
when discovered, until the final completion and adjust-
ment of the contract; provided, however, that the con-
tractor shall not be held liable for pipe or fittings found to
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be cracked after they have been accepted at the agreed
point of delivery.

Definition of the Word “Engineer”’
Section 18. Wherever the word “Engineer” is used
herein it shall be understood to refer to the engineer or
inspector acting for the purchaser, and to his properly

authorized agents, limited by.the particular duties in-
trusted to them,
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- Dimensions and Weights
of N
A. G. A. Standard Bell and Spigot Pipe

" The above Bell dimensions are standard for both gas pxpe and fittings

Standard Bell
..‘p.l
o T o -
f ’ —_.Al
o E 13 LAYING LENGTH
| g <\ *
. H
o E g
v _JH
z
2z 2,
.-frl
~ T
x ={ 75" for 4” and 6"
1.00” for 8”. to 48”
v={ 19 for 4’ and ¢”
—1 .25” for 8” to 48"
Table No. 29
]I)\]:oh inal Dimensions, Inches Approx. Wts. in Lbsg. |
iameter ) . i -Ft.
Tnches | A | B | C |D|E|F|G|T|W| Bt |fe |25
3 3.78( 4.80( 7.40(1.25/4.00f .53 .51| .39| 4.06 .
4 .| 4.80| 5.80| 8.40(1.504.00} .59| .50{ .40| 5.18| 27.00| 49-33 234
6 6.90( 7.90(10.70|1.50{4.00] .62| .50[ .43| 7.28| 39.50| 30~25| 367
8 9.05110.05]13.05]1.5014.00] .69| .50( .45| 9.55| 52.80| -42--68 . 509
10 11.10(12,10!15,10{1,50/4.00] .69{ .50| .49{11.60| 57.93
12 13.20(14.20(17.40{1.50/4.50( .75| .50] .54|13.70! 79.47
16 . (17.40{18.40/22.00(1.75/4.50] .90] .50 .62(17:90{125.18 12 .
20 21.60(22.85126.85|1.75|4.50| .97| .63 .68122.10(169.10/15:
24 25.80 27.05|31.25]2.00(5.00(1.05| .63 .76/26.30]235.10|¢
30 31.74/32.99 37.59/2.00[5.00(1.15| .63| .85|32.24/315.20 0
.. 36 37.96(39.21(44.21]2.00|5.001.25| .63 .95/38746/410.20] 5
142 44.20145.45151.05/2.00/5.00(1.40] .63}1-.07|44.70(537.50 6597
48 50.50|51.75/57.75|2.00{5.00/1.50] .63|1.26/51.00 657.00(663. -50| 7962
: 1 : B
For cement Jomts see page 113. *
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STANDARD A. G. A. BELL AND SPIGOT PIPE

Dimensions -and  Weéights
- . of
A. G. A. Standard Bell and Spigot Pipe

Type 2 Bell for Cement Joiht

X =[ 75" for 4” and 6”
1.00” for 8” to 48”

v ={ 197 for 4” and 6”

.25” for 8" to 48" -

Table No. 30

°1
O $ b
\ 4 ) Y.
G HE
5} ~E - LAYING LENGTH ——=]
£ af. :
z .
g 3
4 Zd_ 1

Nominal e Dimensions, Inches
Diam,

Approx. Wts. in
Pounds

:||: Inches i
; S . . Per
il A Bl C |D|E|F|G|H|T)|W |Bell Foot

12-Ft.
Lgth

1931

0
0
.50
<50
0|
5
5|

-
S
: o
kS

AHBR  wdno
@
o
o

N
&
=3
&
~
P
b =g
0
@
o
'S
=
S
3
N

00~
w
*d
-
'S

o
3:00(6 .
2.00(6 . 50
2.00
2.00
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™~ .
Pipe Dimensions and Weiéh - . Coupling Weights
Actual | Actual Weight | Style 53 1 Style 38
Nominal | Outside | Inside | Thickdess | Per Foot Cast tecl
Dlameter Diameter | Diameter /| Pounds |See Above|See Fig. 10
- Fig. . | Page 132
4 4.80 4.00 40 17.25 29 22
6 6.90 6.04 43 27.13 41 30
8 9.05 8.18 45 38.06 48 40
10 11.10 10.12 49, 51.09 60
12 13.20 12.12 S¢ | 6121 78 84
. 16 17.40 16.16 .62 102.15 128 | 108
20 21.60 20.24 .68 139.70 176 138
24 25.80 24.28 .76 186.60 218 157
. 30 31.74 300¢ | - .85 257.30 " |These sizes| 225
36 37.96 36.06 95 344.60' |furnishedin| 278
42 44.20 42.06 1.07 452.40 | Style 38 334
48 50.50 47.98 1.26 608.10 only. . |- 395

o

Couplmgs not furmshed unless specxﬁca.lly ordered.
Pipe furnished in random lengths (L)<£rom 11’-0' to 12’-4' overall.
Langer lengths can be f

s Couplmgs are also made for A “W.W.A. clasées B, C and D pipe.

Dlmensxonsmm es, .
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STANDARD A. G. A. BELL AND SPIGOT' FITTINGS

Laymg Dlmensmns

A. G. A. Standard Bell and Spigot %4 and / Bends

Standard
4 Bend (90°)

Long Radius Standard Long Radmﬁ

34 Bend (90°) . % Bend (45°) . . /ﬁ Bend (45°)

Table No. 32_

"Size

34 Bends . 1% Bends =
Standard 1{':‘1’:5: ~ Typel Type 2 - Standard 1{'&?55 i

tals|alsflials|rlals|r|als|r]|a

R.;

23[12.62[19.88]
23115.69{19.88
23|17.75/24.85

-23124.50/37..28
23127.62137.28
23130.75137.28

23(20.87[24..85(¢

‘Dimensio.ns in inc_hes.
For dimensions of Bells, see page 112. .
For weights, see page 126. . -
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Laying Dimensidns
of
A G. A. Standard Bell and Splgot Bends

b_s PuESN
‘A b-—s—- -
- :.-__-: S \
== -
A y
' \
Type 1 Type 2
1/16 Bend (22 3°) 1/16 Bend (22 34°)
A
™
\
Standard Long Radius
1/16 Bend (22 14°) 1/16 Bend (22 }4‘-’)
“Table No. 33
3{6 Bends
| Size Type 1 Type 2 Standard Long Radius
' Als|rR |als|r|la|s|r]|alRr
4 2.69! 20.25| 4.00(2.69} 14.70] 4.00
6 3.53] 20.75] 7.70{3.53} 15.53] 7.70
8 4.38] 21.25) 11.50)4.38] 16.38)11.50
1_0 ] 5.22( 22.00] 15.70|5.22] 17.25[15.70
12° 5.81} 22.50| 18.15|5.81| 17.81(18.15
16 7.271 23.75! 24.00 5.00j. 23 12.62) 19.10| 96
20 8.711 24.75] 29.75 5.921 23 15.69 19.10| 96
24 10.16{ 26.00] 37.00 6.33] 23 17.75] 23.87| 120
530_ 12.20| 27.75] 46.25 7.15) 23 20.87| 23.87| 120
.36 8.07 23 24.50] 35.80] 180
- 42 -8.89] 23 27.62| 35.80} 180
48 ‘ 9.721 23 30.75| 35.80| 180

Diniensions in inches.
For weights, see page 126.
For dimensions of Bells. see page 112
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STANDARD A. G. A. BELL AND SPIGOT FITTINGS

Laying Dimensions _
- of . :
A. G. A. Standard Tees, Crosses, Y-Branches and Offsets

A
Tee and Cross Y-Branch Offset

Table No. 34

Tees and Crosses Y-Branches . Offsets -

Sze | gzt A |{B|slsizel A | B | c |s|sz|lo|D
4 |4 81 8| 26||4xs [11.15/11.15| 3.16] 23 6 130.67
6 | 46 8| 8 26| 6x4 [15.50{15.25| 4.25| 23 || 4 | 12 [34.14
8| 4-6-8 10 | 10 | 26 || 6x6 |15.50(15.50| 4.25| 23 18 |37.60
10 |4 12 111 | 26 || 8x4 |19.30/18.80| 5.31| 23 '
10 | 6-8-10 |{12] 12| 26 |l 8x6 |19.30/19.05] 5.31] 23 ||. 6 [31.92
: 6 |12 {35.39

12 | 4-6-8 14 | 13 { 27 || 8x8 |19.30[19.30| 5.31| 23 18 -(38:85

12 [10-12 14 | 14 { 27 ||10x4 |22.75]22.00| 6.75| 23

.16 | 6-8-10 |14 14 ] 20 ||tox6 |22.75(22.25] 6.75| 23 6 |33.74]
16 12-16 17 | 17 | 32 ||tox8 |22.75/22.50| 6.75| 23 || 8 | 12 |36.65
: . . 18 [40.11
20 | 6-8-10 | 15| 15 | 29 [[tox10[22.75|22,75| 6.75| 23 ||° S
20 112-16-20 | 19-] 19 | 32 i[12x4 |26.75[26 00| 7.25| 23 6.[35.18
24 | 8-10~12 {17 | 17 | 30 |{12x6 |26.75|26.25|'7.25| 23 || 10 | 12 [37.80
24 [16-20-24 | 21 | 21 § 36 |}12x8 |26.75/26.50) 7.25| 23 18 {41.26
30 |8-10-12 | 20l 20 |32 ||t2x10{26.75[26.75| 7.25| 23 6 136.54
30 [16-20-24-30| 24 | 24 | 39 ||12x12(26.75126.75| 7.25| 23 || 12 | 12 [39.06
36 |12-16-20 | 25 | 25 | 34 (|16x16/|33.13[33.13] 9.12[ 23 18.142.52
36 |24-30-36 ] 28 | 28 | 42 |[20x20|38.53|38.53|11.03]: 23 6 13901
42 [16-20-24 | 29 | 20 | 36 |4x24]43.00(43.00]13.00[ 25 || *® | 12 2239
42 (30-36-42 |32 ) 32 | 45 |30x30{52.50{52.50(13.75| 23 -
48 |16-20-24-30) 32 || 32 | 39 |[36x36/60.38|60.38|18.37| 23 6 la1.17
48 136-42-48 | 35 || 35 || 48 {42x42|70.00|70.00|22.00 23 || 20 | 12 |45.96
- 1148x48{80.00(80 . 00{25 .00( 23 .1 18 148,43

Dimensions in inches. T N T
For weights, see page 124. ’ :

For dimensions of Bells, see page 112.

Tees and Crosses reduce on branch only.
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Dimensions of A. G. A.
Standard Sleeves, Plugs and Caps

Cap

lu7s furmished— on

Hub Sleeve Service Sleeve. stales 2ot to fZT"

s & 1
HAl gh =T
. } T
Plug
Solid Sleeve
Table No. 35
Service Sleeves si%l‘l,zs S}Scoclii Caps Plugs
size |H| O |ISize] H |Size Tap||Size H | H |lsize] ¢ |D| A | ®
10x4{15] 6.54]| 2 8 1%01‘1}2 2 8 8 4| 5.80(4.0] 4:90[4.75
H110x6115{ 6.54] 31 12{1% or3 3 (12 12 6 | 7.9014.0{ 7.00{4.75
Jf12x4)15] 7.64 4112{2 or3 4112 12 8 110.05|4.0| 9.15|4.75
12x%6|15] 7.64|| 6| 12 (3 g ig }g 10 (12.10(4.0[{11.20(4.75
16x6 9 811513 12 |14.20[4.5/13.30|5.25
1015 3 10 | 15 15 14 - 15.30{5.25
12 (1513 or4 12 | 15 15 16 [18.40(4.5/17.50(5.25
16 [ 18 |13 or4 16 | 18 18 20 |22.85/4.5|21.70{5.25
201} 18 18 24 127.05|5.0{25.90{5.75
24 18 18
30 (32.995.0|31.84/5.75
30 18 18 36 |39.21|5.0|38.06({5.75
36118 18 42 [45.45(5.0/44.30(5.75
42 18| 18 48°151,75(5.0/50.60(5.75
48 | 18 18 ’

Dimensions in inches.
For weights, see page 124.
For dimeénsions of Bells, see page 112,
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Laying Dimensions and Weights of
A. G. A. Standard Bell and Spigot Reducers

]

Ball

Bell and Bell

— A —

Spigot and Spigot
Eccentric Reducers

Table No. 36

T

Smal
B

— C—

Il End
ell

2

A

mall End Bell
Concentric Reducer

Eccentric Reducers Concentric Reducers -
) _ Weight in Pounds v Weight
Size A B C | Two |Large| Small| Two [| Size A Pm a
: Bells | Bell | Bell [Spigots ounds
4x3 20.0 | 12.0 | 16.0 57 44 39 26 14x4 | 32.0 178
6x3 25.0| 17.0| 21.0 80 66 55 41 14x6 | 32.0 198 .
6x4 20.0 | 12.01} 16.0 81 63 56 38 18x8 | 32.0 280
18x10 | 32.0 303
8x4 28.0 | 20.0 | 24.0 117 99 84 66 || 24x12 | 37.5 508"
8x6 20.0{ 12.0} 16.0 114 - 89 81 56
. 30x16 | 37.5 727
10x4 | 36.0 | 28.0 | 32.0 160 142 122 104 || 30x20 | 37.5 820
10x6 | 28.0| 20.0 | 24.0 156 131 118 93 || 30x24 | 37.0 940
10x8 | 20.0 | 12.0 | 16.0 148 115 110 77 || 36x30 | 43.0 1418
X 42x36 | 43.0 | 1866
12x6 | 37.0 | 28.5 | 33.0%| 222 198 171 148 N
12x8 | 29.0 | 20.5 | 25.0% 212 181 162 130 || 48x42 | 43.0 | 2475
12x10 | 21.0| 12.5 | 17.0% 193 158 142 107 || 54x48 | 43.0 | 3089
16x8 | 46.0 | 37.5 | 42.0%] 388 356 304 272 v
16x10 | 38.0 | 29.5 | 34.0% 366 331 282 247
16x12 | 29.0} 20.0 |, 4 <~} 344 | .293 259 209
20x10 [ 54.0 | 45.5 |s0.0 586 551 469 434
20x12 | 46.0 | 37.0 [+4rs™ | 569 518 441 401
20x16 39.0 21,0 |ass™ 509 425 392 308
24%16 | 46.5 | 37.0 {#2.0 | 792 | 716 | 681 | 565
24x20 | 30.5 |'21.0} 24 0 677 572 527 421
30x20 55.0 45.5 |45 11226 | 1121 | 1023 917
30x24 | 40.0 | 30.0] 35.0 | 1102 952 899 748
36x24 | 64.0°| 54.0 [ 59.0 | 1843 | 1692 | 1576 | 1426
36x30 | 40.0 | 30.0 | 35.0 |- 1484 | 1281 | 1217 | 1014
42x30 | 64.0 | 54.0 | 50.0 [ 2465 | 2262 | 2108 | 1904
42x36 | 40.0 | 30.0 [ 35.0 | 1965 | 1698 | 1607 | 1341
48x36 | 64.0 | 54.0 | 572 3247 | 2980 | 2821 | 2554
48x42 | 40.0 | 30.0 | 5502 | 2566 | 2208 | 2139 | 1782

Dimensions in inches.
For dimensions of Bells see page 112. R .
*Laying length of reducers with large end bell in sizes indicated is one-half
inch greater than for reducers with small end bell.

] 2ss

Weights in pounds.

All weights approximate.
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Dimensions and Weights of

A. G. A. Standard Bell Hat F langes and Bushings

\

Hat Flanges

Bushings

Table No. 37

Hat Flanges Bushings
: Dimensions Approxi- - .| Dimensions Approxi-
Nominal in Inches mate Size in Inches mate
Diameter W(-;lght Inches (— | ,Weiighc
“in n
D R Pounds A H Pounds
20x6 - 4.00 11.00 73 6x3 7.00 4.50 21
20x8 4.00 |-11.00 97 6x4 7.00 -4.50 13
20x10 4.00 11.00 120 8x4 9.15 4.50 33
20x12 4.50 11.00 158 8x6 92.15 4.50 18
24x6 4.00 13.00 72 10x6 .11.20 4.50 57
24x8 4.00 13.00 96 10x8 11.20 4.50 20
24x10 4.00 13.00 117 12x6 13.30 5.00 72
24x12 4.50 13.00 156 12x8 13.30 5.00 61
12x10 13.30 5.00 28
30x6 4.00 16.00 72
30x8 4.00 16,00 | - 94 16x12 17.50 5.00 95 .
30x10 4.00 16.00 116
30x12 4.50 16.00 153
36x6 4.00 19.25 71
36x8 4.00 19.25 93
36x10 4.00 19.25 116
36x12 4.50 19,25 150
42x6 4.00 22.37 71
42x8 - 4.00 22.37 93
-42x10 4.00 22.37 - 114
42x12 4.50 22,37 150 ~
48x6 4.00 | 25.50 71
48x8 4. 25.50 93 . -
48x10 4.00 25.50 113
48x12 4.50 25.50 150

Dimensions in fnches.
Weights given in pounds. All weights apprommate
For dimensions of Bells see page 112.

120




SPECIAL BELL AND SPIGOT FITTINGS

_Standard Screw Plugs for Gas and Waterv Mains*

Table No. 38

Size Weight, Pounds

All weights are approximate.

*Useful for temporary ““dead ends,” lessening liability of damage to pipe when
. withdrawn.
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el

Dimensions and Weights I |
of A, G. A, Standard Line < I3
Drips and Side Pots 8 <
14
o B
: Line Drip Line Drip
Table No. 39 Open Top 12 in;, Top Plug Side Pot
Line Drips—Open Tops Line Drips—12 In. Top Plug
. . Approx- . . Approx-
Diameter | Dimensions—Inches | gjze |Capacity| ~imate Diameter | Dimensions—Inches Capacity| imate

Branch Plug Quarts | Weight Branch Quarts | Weight
Inches A B D Inches Pounds Inches A B D Pounds

4 42.49 | 14.16 ) 37.0 14 96 467 16 55.18 ] 20.24 | 37.0 208 1079

4 30.09 | 14.16 | 24.6 14 64 382 16 42.78 | 20.24 | 24.6 138 935

4 17.79 | 14.16 | 12.3 14 32 298 16 30.48 | 20.24 | 12.3 69 792

. . 20 60.52 | 24.28 | 38.0 304 1568

6 44.59 | 1416 | 37.0 14 96 497 20 47.92 | 24.28 | 24.4 203 1372

6 32.19 | 14.16 | 24.6 14 64 C 412 20 35.22 | 24.28 | 12.7 100 1174

6 19.89 | 14.16 ] 12.3 14 32 327 24 60.72 | 30.04 ; 34.0 420, 2215

. 24 9.32 | 30.04 | 22.6 280 1970

8 46.79 | 14.16 | 37.0 14 96 538 24 8.02 { 30.04 | 11.3 140 1728

8 34.39 | 14.16 | 24.6 14 64 453 30 6.67 1-36.06 | 34.0 600 3275

8 22.09 | 14.16 12 3 14 32 369 30 55.27 | 36.06 | 22.6 399 2948

' : | 30 43.97 | 36.06 ; 11.3 198 2623

10 48.80 | 14.16 | 37.0 14 96 589 36 74.89 ] 42.06 | 36.0 864 4719

10 . 36.40 | 14.16'{ 24.6 14 64 504 36 62.89 1 42.06 | 24.0 576" 4267

10 - 24.10 | 14.16 | '12.3 14 32 420 36 50.89 | 42.06 | 12.0 288 3815

. 42 81.16 | 47.98 | 36.0 1127 7016

12 48.91 | '16.16 | - 35.0 16 126 766 42 69.16 | 47.98 | 24.0 752 6408

12 37.31°1 16.16 | 23.4 16 84 667 42 57.16 | 47.98 | 12.0 376 5800

12 25.61 1 16.16 |- 11.7 . 16 42 568 48 88.37 | 53.96 | 37.0 1465 9010

. : 48 75971 53.96 | 24.6 974 8284

48 63.67 1 53.961 12.3 487 7504
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Line Drips—Open Tops (Continued)
: Dimensions—Inches Approx- : =
Diameter:j . | Size [Capacity| imate hd »
Branch . i Plug | Quarts | Weight g
Inches | A B D .| Inches Pounds’ 4
16 37.0 - - 208 | 1051 . Side Pots ' g
16 (24i6 L | s 907 : NG
16 12.3 | 69 764 . 1 oo | Azorox :
L Y ominal E .|Capacity| imate
%8 : ggg : %1 ggg }ggg Diameter A B Quarts | Weight Q
20 12| 2e | oo 1107 Inches . Pounds P
24 i3k0 [ 30 | 220 | 2070 o
24 2276 30 280 1826 H 18 16.16 pis a8 <}
24 "11.3 30 140 1583 8 18 16.16 lgg Z;g -
10 24 20.24 -
3 S| 36 | 8% | %17 12 24 | 2034 | 30| 455 %
.30 11.3 36 198 2292 20 %g 222% ;gg g‘;g .
36 36.0 42 864 4104 24 24.2 wm
36 240 | 42 576 3652 30 36 24.28 282 810 o
36 120 | 42 288 3200 36 36 24.28 8 g
42 36.0 48 1127 5869 [ ]
42 24,0 48 752 5261
42 12.0 48 376 4652 e
48 37.0 54 1465 7262 ;:g]
48 -24.6 54 974 6506 o]
48 12.3 54 487 5756 : %
= w
Dimensions in inches. : A
Weights given in pounds. . All weights approximate. -
For dimensions of Bells see page 112: d N
Weights of Drips figured without' plugs.: N
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Welghts of A ‘G. A. Standard Bell and Splgot Tees, Crosses Y Branches,
Offsets, Caps, Plugs and Sleeves—Table No. 40

Tees Crosses Y-Branches Offsets Caps ‘Plugs
Size Two { Three { Three ] Four Three | Two .
Bells | Bells { Bells 1 Bells Size Bells.| Bells Size |Weight|{ Size |Weight| Size | Weight

4x4 106 105 138 137 1] 4x4 105 109 || 4x6 73 4 25 4 9
6x4 144 | 138 174 | 169 | ax12 | 83 6 37 6 16
6x6 156 151 200 | 194 || 6x4 154 | 161 || 4x18 | 93 8 52 8 24
8x4 1904 | 192 | 226 | 224 {| 6x6 171 i78 10 65 10 34
8x6 208 | 206 | 254 | 251 o a1s gxtls i13 12 95 {Z gg
: ©'8x4 | 224 || 6x12 29
8x8 223 | 221 284 | 282 || gy 234 | 243 || 6x18°| 145 16 151 16 83
10x4 253 | - 251 287 285 1| 8x8 254 | - 263 20 220 20 127
10x6 267 266 315 314 8x6 162 24 330 ‘94 193
10x8 283 282 34 346 || 10x4 285 207 || 8x12 | 182 30 476 30 294
10x10 | 296 | 295 37 372 |} 10x6 305 317 || 8x18 | 204 36 668 36 433
12x4 343 | 350 | 379 | 385 || 10x8 327 | 339
12x6 350 | 366 | 409. | 416 [ 10x10] 347 | 360 || 10x6 | 216 42 916 42 620
- 12x8 376 | 383 | 443 | ‘450 10x12 | 234 48 1266 48 901
12x10 | 390 | 397 | 47t 478 || 12x4 396 | 406 {| 10x18 | 270
12x12 | 410 | 417 | 512 | 519 }2x6 ﬁg ﬁg 12x6

: 2%8 2x 294
16x6 536 | 534 | 582 | 580\ (5000 | 466 | 476 || 12x12 | 323
16x8 552 | 540 [ 612 | 610
16x10 563 561 636 634 12x12 502 512 |} 12x18 362
16x12 655 652 768 | - 765 .
16x16 | 709 | 707 | 877 | 875 || 16x16} 864 } 859 }gﬁz gg
20x6 724 | 730 | 767 | 774
20x¢ 323 ;gg g?? 4 || 20x20 | 1271 | 1245 | 16x18 | 570
20x10 824 20%6 -
oz | s | a3 | a0 | ene | ) PO i | Gad
20x1
20x18 | o0 ool | 1339 | 1413 |1 sox30 | 2784 | 2672 || 20x18 | 705
24x8 1023 | 1056 | 1081 | 1114 [ 36x36 | 4090 | 3818 .
24x10 } 1034 | 1067 | 1103 | 1136
24x12 | 1056 | 1080 | 1147 | 1180 || 42x42 | 5981 | 5489
24x16 | 1280 | 1291 | 1456 | 1458
24x20 | 1336 | 1338 .| 1552 | 1554 || 48x48 | 8677 | 7926
24x24 | 1403 | 1405 | 1684 | 1686
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LAY

Weights of A. G. A, Standard Bell and Spigot Tees, Ctosses, Y Branches,
' "Oﬁsets", Caps, Plugs and Sleeves—Table No. 40 (continued)

Tees Crosses
Sige
Two | Three | Three | Four
Belis Bells Bells Bells .
30x8 1488 |, 1546 1546 1604 Sleeves
e | i |1 | e | i :
30x16 | 1334 | 1328 | 2005 | 1999 Hub . Service Split Solid
30x20 | 1882 | 1876 | 2008 2001 -
gg;%é ég;g %g% %Zgg %ggs Size |Weightll Size |Weight{| Size |Weight| Size | Weight
36x12 | 2206 | 2358 | 2308 | 2460 :
36x16 | 2255 | 2407 | 2406 | 2558 lox¢ ;170 2 38 2 3T 2 20
36x20 | 2207 | 2449 | 2489 | 264t || 10x6 | 196 3 37 3 56 3 38
36x24 | 2718 | 2726 | 3015 | 3023 4 69 -4 67 4 47
36x30 | 2789 | 2798 | 3158 | 3166 -] 2% NS 153 6 87 6 65
Sex36 | 2850 | 2867 | 3296 | 3305 || i 10 égi; Y %gz s }00
X 10 22
AZx10 1 51091 3421 | 3200 ) 3380 jexs | 3s 16 | 323 || .12 | 101 || 12 160
42x24 | 3216 | 3528 | 3483 | 3794 : 16 314 16 269
42x30 | 3831 | 3878 | 4221 | 4268 || 20x6 |} 441 :
42x36 | 3008 | 3955 | 4376 | 4423 ggﬁo ﬁf 32 §§2 %2 2(7,(2,
42x42 | 3697 | 4144 | 4553 | 4701 % 352 2 300
e | g | oy ) | e il Ik I B
x 9 | 4 5
48x24 | 4521 | 4824 | 4788 | 5090 42 1204 42 1133
48x30 | 4581 | 4883 { 4907 | 5209 48 1507 48 1421
48x36 | 5331 | 5329 { 5799 | 5797
48x42 | 5415.] 5413 | 5066 | 5964
48x48 | 5470 | 5468 | 6076 | -6071

Weights given in pounds. All weights approximate,
For dimensions, see pages 117'and 118, g
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9zI

" Weights of A G. A. Standard Bell and Spigot }4—34 and-{%; Bends

Table No. 41

14 Bends 1% Bends' 1{s Bends
' L Ty Lon ; T L
Standard Ra‘:i’:‘gm Type 1 zpe Standard |~ di.gm Type 1 359‘? Standard Ra‘:ililﬁs
Size
Two Twe Two Two | - 1 Two | Two Two' i
B. & S.| Bells {B. & S.| Beils [B. & S.| Bells [B. & S.] Bells |B. & S.|B. & S.f Bells | Bells |B. & S.| Bells [B. & S.
4 68 61 59 63 74 | . 58 58 75| .
6 100 95 90 97 113 | . 91 87 114§ ..
149 139 129 138 161 | . 130 124 162 § ..
10 198 185 |-. 168 183 210 | . 175 160 211 § ...
12 278 267 237 253 201 | ... ..., 239 223 290§ ....
16 491 4861 .... 397 410} .... 387 377 448 390 373 | .... 366 335 449
20 707 6991 .... 585 607 | .... 544 | 546 610 559 5381 .. 508 478 611
24 | 1003 | 1002 | 1158 856 874 748 774 971 798 7831 .... 694 666 971
"30 | 1478 | 1467 | 1701 | 1274 | 1303 1053 | 1111 | 1332 | 1176 | 1153 | .. 966 935 | 1331
36 ) 2120121222926} .... | .... 1445 | 1557 | 2446 .. . 1306 } 1280 | 2446
42 | 2984 | 3025} 4550 | ... 1948 | 2149 | 3208 1744 } 1740 | 3209
48 | 4193 | 4184 | 6527 2625 | 2903 | 4247 2319 | 2291 | 4247

" YOOTANVH TdId NOHI ISV

Weights given in pounds. All weights approximate.

For dimensions, see pages 115 and 116.




Dimensions and Weights of
. A. G. A. Standard Flanged Pipe
: -~ and A. G. A. Standard Drilling

—7

] of Pipe Flanges
i ..
H w
i Table No. 42 —
! . &
g
H . b i
i ) ) ) Dimensions and Drilling of Flanges Approximate Weights >
i Nomi-| . Thick- : : @
; nal | Actual | % <"l Actual :
i Diam-| Qutside of Ingside _ : . | 12 Ft.
K meter |Diameter | g Diameter |Diameter| Thick- [Diameter| Num- |Diameter|Diameter| One Foot | Length >
e Inches| 4 of ness of | of Bolt | ber of o Bolt Flange Without | With 2
; Flange | Flange | Circles | Bolta | Bolts Holes €2 | Flanges | Flanges Q
- >
4 4.80 40 4.00 9 .720 714 4 % EA 8.19 17.22 223 .
6 6.90 .43 6.04 11 .720 914 4 34 kA 10.46 27.26 348 e}
8 9.05 .45 8.15 13 750 1134 8 A3 3 12.65 | 37.98 481 ;
10 - 11,10 49 10.12 16 .860 1334 8 54 '_ E74 22.53 50.91 656. 2
12 . 13.20 54 1212 18 l 875 15% 8 54 n 25.96 67.01 856 Q
16 17.40 .62 16.16 22% 1.000 20 12 EA » 39.68 101.97 1303 <!
20 21.60 .68 | 20.24 27 1.000 2414 16 E74 % 51.10 139.40 1775 =}
24 25.80 76 | 24.28 31 1.125 28% 16 E74 % 65.00 186.58 2369 g
. -
30 .31.74 '} .85 30.04 373% 1.250 35 20 b3 1 96.70. | 257.30 3281 H
i 36 37.96 95 36.06 44 1.375 41 24 % 1 132.26 | 344.62 4400 =
: . 42 44,20 1.07 | 42.06 5034 1.560 4734 28 |1 14 186.83 | 452.36 5802 RN
i 48 50.50 1.26 | 47.98 57 1.750 54 32 1 14 235.23 | 608,13 7768 Sk

i All Flanged Pipe faced to the exact dimension specified. . Standard length of Flanged Pipe'is 12 feet.
; Dimensions in inches. L :
i Weights given in pounds.




871

Laying Dimensions-of A. G. A. -
Standard Flanged 4—% A+
1 d 34 Bend Type 2 : Large
and % Bends (90°) 36 Bend (45°) 36 Bend (45°)
WA W\ TS e
Table No. 43
‘. . .
\
Type 1 Type 2 Large
3 Bend (22 3%°) -3 Bend (22 3£°) s Bend (22 }£°)
i 14 Bends 1{s Bends
Size |Bends Type 1 Type 2 Large Type 1 Type 2
. A A R A R S A R A R A R
4 8 3.16 | 3.04( 3.16 400 2.69 4.00
6 8 4.23| 5.38| 4.23 7.70} 3.53 7.70
10 5.31 7.75 | 5.31 11.50| 4.38 | 11.50
10 12 6.39 | 10.36 | 6.39 15.70 | 5.22 | 15.70
12 14 7.22| 12,12 7.22 18.15| 5.81 [ 181511781 .... | ....
16 17 9.121 16.00( .... 2400 ... N ce.o ] 5.00 | 12.62
20 19 11.03 ] 19.87 | .... 29.75 . ceee 5.92 | 15.69
24 21 12,94 24.48] .... 37.00 Ve .. 6.33 | 17,75
30 24 15.67 ] 30.541} ... 46.25 . 7.15 | 20.87
36 . 28 I .. . X “en 8.07 .| 24.50
42 32 SR ceee ... | 14842762 .... . . 8.89 | 27.62
48 35 . . .. en s.o.. 1163513075 | ... . 9.72 1 30.75

Dimensions in inches.
N

For weights see page 130.

For drilling of fianges see page 127. .
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STANDARD A. G. A. FLANGED FITTINGS

“Laying Dimensions of A. G. A. Standard Flanged Tees,
Crosses, Reducers and Hat Flanges

h

Tee and Cross Concentric Reducer

} : .
i —
g 4 0] !
b A - A
jo- A\ = :

Eccentric Reducer

»
Hat
Flange
Table No. 44 -~
Tees and Crosses Reducers Hat Flan.ges'
Size' | _ Size . : Size -
Run| Branches | A B Size |. A Size | A |[[Size| Outlet R
1| 4 8| 8|| 4x3 | 10.80|{30x20| 44.80}| 20 | 6-8-10-12 | 11.00.
6| 46 8| 8| 6x3 | 15.90||30x24| 29.80}| 24 | 6-8-10-12 | 13.00
‘8| 4-6-8 10| 10|[ 6x4 | 10.90||36x24| 54.00(| 30 | 6-8-10-12 | 16.00
10( 4 12 11| 8x4{'19.00|36x30] 30:20 || 36| 6-8-10-12 | 19.25
“10 | 6-8-10 12 12| 8x6 |11.10 42| 6-8-10-12 | 22.37 ||
42x30| 54.40 | 48 | '6-8-10-12 | 25.50
12 | 4-6-8 14| 13|[ 1ox4 | 27.00(| 42x36| 30.60 ]
12 | 10-12 14| 14[10x6 | 19.10| 48x36| 54.80
16 | 6-8-10 14 14|l 10x8 | 11.20] 48x42| 31.00
16 | 1216 17|17 izxg %.gg : .
2x .
20| 6-8-10 15|15
== Il g oo
24 | 162024 | 21|21 igi?g %g:g%
30 | 8-10-12 20 | 20]| 16x 70
30 | 16-20-24-30 | 24 | 24| 20x10| 44.90
36| 12-16-20 25 [ 25| 20x12| 37.00
36 | 24-30-36 28 | 28|/ 20x16 21.30
42 | 16-20-24 291 29| 24x16|-35.80,
42 | 30-36-42 - |-32] 32{| 24x20( 20.10
48 | 16-20-24-30 |32 32
48°| 36-42-48 3535

Dimensions in inches.
For weights, see page 130.

For drilling of flanges, see page 127.
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-Table ‘No. 45

‘andard Flenged Bends, Tees, Crosses, Reducers and Hat Flanges

= -ﬁ%'a‘s;end’s»-f-- s

: 6. Bends Tees and Crosses : Reducers
Size Bends T’{pe nz’pe ‘L?rée: {‘r’{pe Tszrpe Large Size ‘| Tees|Crossesl; Size | Tees ‘i'Eresees Size ‘Wgt.:
7} 36 N axt 55 70 | 30x8 | 1073 | 1096 || 4x3 26,
6 51 . 6xd. |- 71 8s || 30x10 | 1085 | 1118 || - 6x3 41
8 78 . 6x6 76 94 | 30x12 | 1088 | 1126 || 6x4 -39
10} 129 . 8xa | 104 | 119 [f 30x16 | 1306 |, 1387 |[ 8xa | 65:
8x6 | 110 | 130 || 30x20 | 1321 | ‘1218 (| 8x6 53
12| 180 ...l 8x8 | 114 | 139 |} 30x24 | 1335 | 1446 || 10x4 | 708
%g iég %gg %8"% ;.(753 ig; 30x30 | 1374 15‘2'4 10x6 r95
> > (1] ; 1 o
24| 662 326 : 36x12°| 1749 | -1797 || 10x8 77
e oo | 155 | 298 |l sexts | 1766 | ‘1831 (['12x6 | 144.
30 | 1030 498 1 1on |iag 224 || 36%20 | 2775 |- °1840 || 12x8 | 123
36 | 1566 724 || 12x4 236 4 |['36x24 | 2000 [i 2127 |[ 12x10 | 104
42 | 2324 1039 }g;g z 43 g;g '36x30 | 2024 | 2173 || 16x8 | 267"
48 | 3340 14717 om0, 559 | 30a 36x3IG 2033 |, 2193 )l 16x10 | 246
12x12 [ 256 |, 305 . | 49xi6 | 2634 | 2708 || 16x12 | 205
16x6 | 338 | 359 || 42x20 | 2647 | 2733 ||-20x10.[ 433-
R — 16x8 |['342 | 368 || 42x24 | 2657 [ 2752 || 20x12 | 397"
Size .. Size Weight | 16x10 | 355 | 392, || 42x30 | 2958 | 3139 || 20x16 |- 306
206 —6xG T 16x12 | 427 | 487 || 42x36 | 2976 |. 3166 || 24x16 | 536
20x6 +30x0 B 16x16 | 451 | 533 | 42x42 | 3092 | 3208 || 24x20° 389
20x10 3610 15 20x6 | 469 | 488 |l 4sx16 | 3788 | 3861 || 30 90
: : v . %20 890
20x12 S 36x12 90 Zox8 273 49; 48x20 | 3799 | 3885 | 30x24 | 714
i 20x10 | 484 | 51
24x6 12%6 41 20x12 | 603 663 48x24 | 3810 3906 || 36x24 { 1395-
X0 LLAax6 . 16| 62 7 48x%30 | 3830.)..3928 || 36x30 | 987
24x8 12%8 52 20x 61 708
tily o | ;| Gl) IS ) e ue e e o
24x12 42x12. | 90 24x8 | 680 |- 703 || 4axan | 4303°| 4387 || 48x36 | 2547
30x6 "V asxe | e Ziiy | 808 | 13 e || A8xaR | 1798
23 : X6 [V X
30x8 4838 | 52 24x16 | 865 | 947
30x10 - a8x10° 73 24x20 | 880 | 978 ¢
30x12 1. :48x12 90 . 24x24 | 895 | 1006

Weights given-in pounds.

-For dlmenslons. see pages 128 and 129.

All welghts approxlmate '

For dnllmg of flanges, see page 127.
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JOINTS: FOR CAST IRON PIPE
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SECTION 7

JOINTS FOR CAST IRON PIPE
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JOINTS FOR CAST IRON PIPE

TYPES OF JOINTS FOR
CAST TRON PIPE

(For Sectional views see page 132)

American Water Works Association Standard
Co Bell and Spigot Pipe

CLASS A-B-C-D
Fic. 1

- For ordinary water-works systems the pipe in common
use is the A. W. W. A. Bell and Spigot Standard adopted
May 12, 1908. This standard is divided into classes
designated by letters A-B-C-D-E-F-G and H, each class
denoting strength for an additional working pressure of
100 foot head, or 43 pounds per square inch pressure.
Thus a Class C pipe is good for a working pressure of

129 pounds per square inch, or a head of 300 feet. For ]

heads up to 400 feet the pipes are made in sizes from
4 i1ches to 84 inches.  For specifications, dimensions and
weights of this pipe see.pages 53 to 98. :

American Water Works Association Standard
. Bell and Spigot Pipe

CLASS E-F-G—H (hlgh pressure)
: " Fic. 2. '

- For Workmg pressures over 173 pounds per square inch
' the A. W, 'W. A. Standard pipe is made in sizes from
© 6 inches to 36 inches, and generally known as high-pressure
pipe... A typical section through the joint: of this pipe
is shown in Fig. 2, which in design is similar to Fig. 1,
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CAST IRON PIPE HANDBOOK

except that double lead grooves are provided for addi-
tional strength and tightness. “When this additional pro-
tection is not necessary.this pipe may be obtained with
a single lead groove similar to pipe in Classes A. to D.
For specifications, d1men51ons and weight, see pages 53
totot. - -

- American Gas Association Standard
Bell and Spigot Pipe

Fic. 3 (for lead)
Typel - .
The recognized standard of bell and spigot cast iron
pipe for gas is the A. G. A. Standard, adopted October
1913, by the American Gas Institute and revised by the
American Gas Association in 1925, This Standard is
made in sizes from 4 inches to 48 inches and follows the
size scale of the A."W. W. A. Standard, except the 14-
_-inch .and 18-inch sizes -are excluded. Only one class for
each size is made, the outside diameter of the pipe cor-
responding with the Class A pipe in the A. W. W. A.
Standard. For specifications, dimensions and Welghts, see
pages 103 to 130. :
Armerican Gas Association Standard
Bell and Spigot Pipe
Fi16. 4 (for cement)
Type 2
To distinguish this pipe from the ordinary A. G. A.
Standard pipe for use with lead, it is generally called
Type 2. The principal difference between the two types
lies in the design -of the bell. In the No. 2 the bell is
somewhat deeper, the usual lead groove eliminated, and
in ‘ofder to properly secure the cement the inside dia-
meter of the bell is made somewhat larger at the bottom
than at the top. This bell is also used with medium

P
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JOINTS FOR CAST-IRON PIPE

pressure gas by making it up with alternate layers of
lead and cement. For specifications, dimensions and
weights, see pages 103 to 113.

Bored Bell and Turned Spigot Pipe
Fr6. 5.

‘This type of joint has been used quite extensively in
 Europe -and principally for water lines. The spigot end
as well as the inside of the bell are machined on a slight
taper, a feature which increases the cost of the pipe.
The principal merits in this type lies in the rapidity with
which the pipe can be laid and the negligible leakage in
the' joint. Since this type of pipe is not a recognized
standard in this country, pipe foundries only make this
- pipe to fill special orders. ‘

Bell and Plain End Joint
(Metropolitan Type)

Fic. 6

This type of joint is coming into prominence in this
country through its use on deLavaud Centrifugal Pipe.
It is a modification of the joint used by the Metropolitan
Water Board of London, where the first bell and spigot
joint - originated.  In ordinary bell and spigot pipe the
spigot serves two purposes, namely, to center the end of
the pipe in the bell and to prevent the hemp from being
- driven into the pipe between the spigot and the back of
the bell. In the new type of joint the taper in the bell
fulfills these functions. In laying it is customary to place
the end of one pipe in the bell of the next and 'slide it
forward -until it rides upon the taper and automatlcally
centers itself. :
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‘CAST IRON PIPE HANDBOOK

- Standard Flexible Joint Pipe
(Metropolitan Type)

F1G. 7

The flexible joint on cast iron pipe is used mostly for
. submarine lines where the ordinary bell and spigot or
. flanged joints are not suitable on account of rigidity. As
the name implies the joint s flexible, which facilitates the
laying of the pipe and permits adjustment of the pipe on
rivér bottoms, where settlements occur after the pipe has
been laid. Various types and designs have been brought
out, but to James Watt, the inventor of the steam engine,
- belongs the’ honor of being the original inventor. Most
of the types m “general use today are modifications of his
original pipe.  The Metropolitan joint, which is the most
. ~commonly used on account of its simplicity, is shown in
.Fig. 7. 'The spigot end of this pipe is carefully machined
to a spherical surface, and the integrally cast-on ring on
‘the inside~6f the-bell also machined to a radius corre-
sponding to the dlameter of the spigot. This ring serves
‘a threefold purpose: first, it centers the spigot of one
pipe with the bell of the other, thus assuring a uniform
lead space; second, it provides a stop for the lead and,
third, it limits to an exact dimension the distance the
* spigot extends into the bell, thus providing a solid bearing
in the deflection. In this type of joint the lead is station-
' ary and can therefore be readily and effectively caulked,
a feature which cannot be accomphshed in types where
the lead moves with the spigot. In the larger sizes of
this type of pipe it is customary to shrirk a steel band on
the-outside of the bell to prevent injury of the pipe in
handling and transportatlon For dimensions and weights,
see page 140, :

N

136




JOINTS FOR CAST IRON PIPE -

‘Standard Flexible Joint Pipe
(Narrows Siphon Type)

F1c. 8

This type of flexible joint pipe derives its name from
the fact that the first line was installed across the entrance
to the New York Harbor, between Brooklyn and Staten
Island. Careful and authentic tests have proven this
joint to be practically 100 per cent tight. The inside of
the bell is carefully machined and ground to gauge on a
radius, and the lower end of the spigot is likewise finished
to correspond with the diameter of the spherical inside -
“of the bell. Inasmuch as the lead in this joint moves  :
with the spigot in deflecting the pipe the caulking of the -
lead is not possible, and to compensate for the shrinkage
of the lead in cooling, small lead pellets are forced into
the lead space by means of gib screws. For:dimensions.

and weights, see page 141. : I

N
Standard Flexible Joint
(Ward Type)
Fic. 9

This is the oldest type of flexible joint. It is not
generally recommended as the lead is retained as a ball
on the spigot end, and may be shaved off by the edge
of the ball as.the pipe is bent. For dlmensmns and - -
Welghts, see page 140 : SRS

Plam End Cast Ircn Pxpe thh Dresser Type Couplmgs ~
FIG 10

For hlgh-pressure gas lines and some water hnes, an
efficient joint can be made by the use of plain-end |
cast iron pipe and Dresser Couplings. The important |
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part of this joint is a middle steel ring having in the center
a projection against which the two ends of the pipe rest.
The middle ring is flared out-at each end to receive a
rubber ring gasket which later is forced into place by
means of two flanges drawn up by bolts. The rubber
¢~ ring is thus tightly pressed against the outside diameter

" of the pipe and against the inside of the two flanges, and .
in this manner a tight joint is secured.

Cast Iron Standard Flanged Pipe
Fie. 11 _

. 'This type of joint is used when combined rigidity,
strength and tightness are required. The flanges are
cast integrally with the pipe and accurately machined to
‘dimensions. The body thicknesses and diameters are

" made in classes following the A. W. W. A. Standard, and

the flanges in accordance with the American Standard for

125 pounds pressure. For "dimensions and weights of

. this pipe, see page 145. For drilling, see page 147.

Cast Iron Flanged Pipe
Extra Heavy .

Fic. 12

* This pipe is similar to the standard except that the
faces of the flanges are raised one-sixteénth of an inch to
the inside of the bolt holes and body thickness, dimension
of flanges and drilling good for a working pressure up to
: 250 pounds per square inch. “This pipe is also made in
various classes, although in only one standard for the
.- flanges, namely the American Extra Heavy. For dimen-
sions and weights of thls pipe, see page 148. - For drilling,

. see-page 149,
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"BENDS WITH CAST IRON PIPE

Maximum Bends in Cast Iron Pipe Joints, Curves Laid with -
Full Length Bell and Spigot Pipe 12’ 0" Length

Table No. 46 .

S‘i;e Biexxlxd Deﬂie‘t:tion ﬁgpll"'g,e}rg?;(elglxg )
: . - | - produce
Pipe One Joint Inches Suctession of Jgihts
4 1900’ _ 10.00” B
. 6" 3°-30’ - 8.80” " 1967
8” 3°-14’ 8.127 212
107 3°-07’ ’ .. 783" <226’
127 3°-00" 7.50” 230
16”7 2°-41° 6.80” 260’
i | i &
R 0
24”7 1°-47 4.50” 390’
307 1°-26 3.60” 480’
36” 1°-127 3.00” 570’
427 1°-02". 2.60” 660’
48” 0°-557 2.30” 7507

Joint opening not to exceed .87,
Caulkﬁng‘ space not less than .25%, »
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_General

) ‘\\\\\\.\\\\%\i:&;\%

Dirﬁensions, Thicknesses and Weights of
Standard Flexible Joint Pipe

? |

Metropolitan Type—Type a

Table No. 47

b Dimensions—Inches R Lead per
Size ngeght Solid Joidnt——
Inches| Class . . Length Pounds
' A B CcC | D E R | Pounds 2 [
Type-+| Type2-
7
B. | 481561 1oo| .87 4.68% 36 9
D 55| 1.56 | 1.37:| 1.00[ .87 | 4.68]X 9
B 5101811 1.12| .94 s.9z§ 1 14
g 1607 1.81 | 1. 112 .94/ 5922 14
B 571206 1. 1.1811.00 | 7,202 94 22
-D. | .68 2.06 | 1. 1.18 | 1.00 7.20-‘,} 22
“B | .62)2.25] 1. 1.25| 1.06 [ 8.50% 12 39
D} 75122510 1 1.25] 1.06 | 8.50|x 14 .39
P - e S . < <
~B. |66 2.50 | 2.00] 1.31 | 1.12] 9.75}y J 51 64
D[ .82]| 2502 1.31 | 112 97510 1 51 64
B 700 2,75 2. 1.43 [ 1.25 | 10.88]5 1 60 76
"D | 89| 2751 2. 1.43 1 1.25 [ 10.88|% 2 60 76
- B- 75| 2.87 1 2 1.56 | 1.31 12.os§:f 73 91
D | .96 2.87| 2. 1.56 | 1.31 [ 12.06[" 2 73 91
.B. .80 3.121 2 1.62 | 1.37 [ 13.44y 2 92 112
D . {1.03]3.12(2 1.62{ 1.37 | 13.44{° 3 92 112
B .89 [-3.37 | 2. 1.75 ] 1.50 | 15.56]X ‘3534 112 136
D |1.16]3.37(2 1.75 |- 1.50 | 15.56[3 ] 9? 112 136
B | 1.03|3.87 3.8 2.12| 1.72|.18.38/% {7 146 181°
D | 1.37}3.873.18| 2.12 | 1.72°]18:38/5.6360~ 146 181°
B |1.15]|412]3 2.50 | 1.94 [ 21.88/5 177 225
D |1.58{4.12|3 2.50 | 1.94 | 21.88 40 177: | 225

~ For-hea

i

Bl N

. PR 2

All'weights approximate, _ -
-~ Deflection about 13 degrees.

S A

N

Vy service, see types shqw‘xi in the f qllowingﬂv_;able's.

4

27 )
'/%/%

Ward Typeé.’l‘ype-zf‘ f

Sotreo L ou
70 3¢ o,

140




FLEXIBLE JOINT PIPE

)

- General Dlmensmns, Thlckness and Welghts of Standard
Narrows Siphon Type Flexible Joint P1pe

,,",

\\\\\\\\\\\\\

2. 7777 ////////// ///

&
TYFES
. Table No.48
Gib Screws ) ‘ B :
: Radius : [
Size Thickness | R . ' “Weight
Inches Inches - Inches Diameter Number - | , 'Pounds
- . Inches :
I .52 7.50 /3//(: ¢ 1923
16 - .89 10.88 13/16 16- 2488 |
18 -7 .96 11.94 13/16 : 18 3018 - .
20 - 1.03 - 13.00 13/16 - |-+ 20 - -3502
24 1.16 15.13 13/16 24 4676
30 1.37 18.03 13/16 - 28 - | 0 6629
36 1.58 21.56 13/16 36 9212
42 1.78 24.75 13/16 40 12370
48 1.96 28.00 13/16 44 15652

All weights approximate. ™" '

Based on Class D Pipe.

Maximum angle of deﬂectlon 10° 30'.

: For work in deep water a  new. type of: Jomt known as the Narrows Slphon
‘Flexible Jgint has beén developed. . This combines absolute tightnéss with ease
‘| of laying:and is ideal for deep water installations. Designed primarily for the first
¥ Natrows' Slphon it proved so satlsfactory that it was used for the parallel line of
: larger capacity.

: For work in deep water it is advxsable to use a laymg cradle and lay the pipe
..in a.continuous line rather than make up several lengths on the surface and Jom
: the sections under-water. - The usé of this cradle and resulting deflection of the
. joint would lobsen lead calked in-the usual way. In this Type Flexible Joint Pipe
the lead is calked throughout ‘the ‘bell instead of only on the siirface.  This.is
accomplished by - forcing addmonal lead through the - holes in the bell. " As'a’
. result of this process the joint’is absolutely tight even after deﬂectlon '

iat




CAST IRON PIPE HANDBOOK
General Dimensions, Thicknesses and Weights of
Standard Flexible Joint Pipe:
. =5
Ly s
oY
' 8 —
c £~
B A g
) Type_ Nq. 4
: Table No. 49 el
' ’Dimensions Common to Nos. 3 and 4
o - .Class.D Radius Gun-Metal Bolts in
‘wlze Thickness R
Inches Inches Inches Joint S Flange T
12 75 7.80 6 16
14 82 . 8.95 -6 . 18
16 .89 10.10 6 - 20
18 96 11.35 6 22
20 1.03 12.90 6 24
24 1.16 15.05 6 28
30 1.3 18.75 6 28
36 1.58 22.20 6 32
Full Lengths, Type No. 3
Size o Lengths—Inches Approxxmate Pounds
Inches B Ps} Section C
12. 145.13 148.93 1514
14 145.75 150.65 1937
16 145.81 151.13 2402
18 146.00 152.00 2834
20 1146.20 152.83 3491
24 146.20 153.60 4693
30 . 146.75 155.75 - 6914
36 - 147.00 157.40 9941
Short Lengths, Type No. 4
" Lengths—Inches Approximate
Size - pPouncls
Inches LA B Cc . per Joint
12 22.00 11.13 15.80° - 638
i4 22.50 11.75 17.40 816
16 25.50 13.31 19.32 1056
18 26.00 14.00 20.00 1212
20 28.00 15.20 21.63 1601
24 31.00 16.70 23.90 2219
30 35.25 19.00 28.00 3180
36 38.00 21.00° 30.40 5252
Made to order'only. Maximum deflection about 18 degrees. Wexghts approx-
imate only. Type No. 3 end sections may be ordered bell or spigot instead of
flange if desired. Flange dimensions Class D. _Bolts furnished-to order only—
not.included with.the castings. Type No. 4 joints are furnished complete with
ilead ealkedtbell and.bolted.collar, teady for use. - Details modified to meet special
; reqmremen s,




~STANDARD ‘FLANGED PIPE

SECTION 8

STANDARD
FLANGED PIPE -
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LA Dimensions: and Weights of
Standard Flanged Pipe
. ClassesAand B .

Table No. 50

Pt Tl

Dimensions and Drilling;of Flanges .

Class B—200-Foot Head

by “. Class: A—100-Foot Head B
I8 goh e ® @ .. .. 43 Pounds Pressure 86 Pounds Pressure 2
8 DYRUET) DS ST I SRR 3. : as Tresst . !
L@ ] [ om 3 ) . g
g [Bg | gl eEl ] | & ; , Sg
fe | 88188 %8| « .| %2 o Weight, Pounds per | Weight, Pounds per - || ‘A5
A g ) w8 7] 28 || Thick- Thick- » =2
<8 .§ N é% g | .8 28 || ness . ] ness e
g 8g |28 g% 'E 2" ||Inches| Foot 1i2-Foot| . . |lInches| Foot |t2-Foot Singl g
g "Q'ﬁ‘ .88 5«5"5 g §~ . without| Length | Sikgle . without| Length Flmg e[l o
z°" s Be a z 1A Flanges|2 Flanges| Flange . | Flanges|2Flanges| Flangell Z

FUR T
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Dlmensmns a.nd Welghts of
Standard Flanged Pipe
Classes Cand D

-  Table No. 50 (continted)

Dxménswns and Drilling of Flanges -

Copr

- - - - > . Class C—300-Foot Head Class D—400-Foot Head 5
g @ o | B = = 130 Pounds Pressure 173 Pounds Pressure <
Q. e O U O k4] Q [=3 .

g S5 Og | BE A I . g8

L do [ w8 28 [ 5¢ - ey . ” So
Ae S5l 8= | 25| ® | °& . Weight, Pounds per ' Weight, Pounds per Az
= ER ] g He I 8 g & (| Thick- B Thick- B —— =¥
= b a® | 2% | U 2 2= || ness ness ] | g
2 | A éﬂ £ Eﬁ g 5 g g Inches _F«i,;ot 1fe-Foc},1t Single || Inches Fgot lngot})It Single || &
o O N P o without ngt! without| Lengt O
A s "] A z | A Flanges| 2F'ngos| * 2°8%|| |Flanges|2fTnges| © 218¢|| Z

3 7.50 .75 6.00 4 54 .45 15.5 198 6.2 48 16.4 209 6.2 3
T4 79,00 .94 7.50 8 54 48 21.3 277 | 107 52 22.8 295 10.7 4"
=6 B 8 3% .51 | 3209 424 14.4 55 35.3 452 144 6
8 8 | % © .56 48.0 620 22.0 B 51.2 658 22.0 8

12 % .62 65.5 847. 30.6 68 71.4 918 30.6 10
12 pZ3 .68 85.4 1116 45.6° NE] 93.7 1216 45.6 12
12 1 J4 108.1 1407 55.1 .82 119.2 1541 ‘55.1 14
i6 1 .80 133.3 1738 69.1 .89 147.5 1908 69.1 16
16 134 .87 162.4 2094 72.8 .96 178.4 2286 72.8 || 18
20 1314 92 190.6 2473 |. 92.9 1.03 212.3.4-72733 92.9 20
20 14 1.04 257.6 3345 | 126.8 1.16 286.0 3686 | 126.8 24
28 1% 1.20 366.9 4795 | 196.0 1.37 421.2 5427 | 186.4 30
32 134 1.36 497.7 6572 1 299.9 1.58 581.9 7548 | 282.5 36
36 156 || 1.48 /| 601.6 7965 -| 372.7 1.72 703.4 91434 351.1 40
-36 114 1.54 657.4 8720 .| 415.41 . 1.78 764.1 995371 - 392.1 42
44 134 1.71 832.,7 | 11001 | 504.4 1.96 960.8. | 12471 470.8 48

Flanges in accordance with American Standard for 125 pounds steam pressure.

All flanged pipe faced to éxact dlmenslon specified.

All weights approximate.

For dimensions of flanges see page 147.
Standard length of flanged pipe is 12 feet.

a

0

MOOSANVH HdId NOYI ISVD




"AMERICAN STANDARD FLANGES

Amencan Standard *Dlmensmns and Drilling Templates' of
Flanges for Cast Iron Pipe and Fittings for
Maximum Workmg Saturated Steam Pressure of
125 Pounds per Square Inch ’

Table No. 51

Nominal | Diameter | Thickness|Diameter of|Number|Size of| Size of Leéngth
_.Size |of Flange | of Flange | Bolt Circle of Bolts |BoltHoles | of -Bolts ;]
Inches | Inches | Inches | Inches | Bolts |Inches Inches Inches -

1 4% % 324 4 ¥ 34 '51-%
13 458 % 34 4 I 54 ¢
1% 5 %o 3 4 % 5 :

27 6 1% 4 54 % 2

2% 7 % 54 4 123 % T2H
3 1% ¥ 6 4 54 34 2y
3% 814 % . 7. 8 % % , 234

45 % 7% 8 5 % 123
5 10 % . 8% 8 % 7% 2%

6. 11 1 9% 8 % % 3
-8 1314 134 1134 8 % - " 3%

10 16 1% 14Y 12 % 1 3%

12 - 19 13 17 12 % 1 34

1499 21 134 1834 12 1 134 4

16 23y 1% 21 % 16 1 114 ry

18 25 1% 2234 16 -1 134 13 41

20 -27% 1%-. 25 20 138 « 13 434 %

24 32 1% 293% 20 1Y% 1% 5%

30 3834 2% . 36 28 114 136 5%

36 46 234 423 32 134 154 654

42 234 4934 36 1% 156 7%

g - 23 56 4 113 15 758
4 3.~ 62% 44 13 2 (814 .

. 60 334 - 69% 52 1% 2 8% .|
2727 3% 824 60 134 2 . 9314
-84 : 334 953 . 64 2 . 2% 1044 -
96:: 4y 108 34 68 2% . 2% 11%

- Drlllmg templates are in multlples of four, so that ﬂttmgs may be made to :
A face in any quarter, and bolt holes straddle the center line.
- " For bolts smaller-than 134 inches the bolt holes are drilled 3§ inch and: fo
. | bolts 134 inches and larger the bolt holes are drilled 34 inch larger than the nommal
. dxameter of bolts.
: : The bolt holes on cast iron flanged fittings are not ' s 6pot faced for ordmary
¢ - ‘When.required, the fittings and flanges in sizes. 3
spot faced or back faced, sothat standard length bolts.can be used.
“*Flanges to be plain faced. -
*See note page 164 R -

inches and larger can 1

147,



Table No. 52 N
- . - b
D1me§s1ons and Dnl]mg of I;langei Class E—500-Foot Head Class F—-600-Foot ‘Head 3
Bl el alBal|l B2 217 Pounds Pressure 260 Pounds Pressure * g .
S e & 'sg m o -0 ] i ) o : 5
g cE |l cg|%e| » |, y - \ Sa -
é B .E B . § K 3 £ 5 TO.E § » |- Weight, Pounds per § » ngght, Pounds per Eﬁ (o)
s ...'g. go.1 8] 24 ¥ -1 89 58 - B 5 o
28 8 ool ow [ g -1 5 oF] : 50 . 8 1%
Bl BE |E8 B | B | B || B5 (ot i2Foot single || A5 | oot [12-Foot| gingle | 8 =
=] = KT8] =8 withou 1] withou engt! . .
z s = 1A z A & Flanges|2Flange| Flange & Flanges|2Flange| Flange | Z ;
6 12,50'| 1.44 | 10.63 12 A .58 37.7 515 [ 31.1°} .61 | 39.5 536 |. 311} 6 Q.
8 15.00 |- 1.62 | 13.00 12 % .66 54.7 748 45.9 W71 60.6 819 45.9 8 L 2
10 | 17.50| 1.87 |- 15.25] 16 1 J4 78.8 | . 1079 66.5 .80 84.7 | 1149 66.5 | 10 "y
- 12,1.20.50'| 2.00 | 17.75 16 134 82 104.2 1441 95.1 .89 | 112.4 1539 95.1 12 =
-4 14 .} 23.00) 2.13 | 20.25] 20 134 90 | 133.1 1837 | 120.1 99 | 146.2 | 1995 | 420.1 | 14 o
16 25.501 2.25 | 22.50 20 134 98 | 165.0 2277 148.7 1.08 180.8 2467 148.7 16 =
i8 28.00 | 2.37 | 24.75 24 1% 1.07 | 2023 2790 181.2 1.17 | 219.8 3000 181.2 18
20 30.50 | '2.50 (27.00; 24 1% || 1.15 {.241.1 | 3328 | 217.3 || 1.27 | 262.5 | 3585 | 217.3 | 20 E
24 36.001.2.75 | 32.00| 24 1% || 1.31 | 328.5 | 4590 | 323.8 || 1.45 | 361.6 | 4987 | 323.8 | 24 [
30 43.00 {-3.00 | 39.25 28 134 1.55 | 484.7 6747 465.3 1.73 | 538.0 7357 450.3 30 '
36 50.00°1-3.37 1| 46.00 32 2 1.80 | 674.2 9384 646.8 || 2.02 | 748.7 | 10229 622.2 36 w
- Class G—700-Foot Tead. 304 Pounds Presssure Class H—800-Foot Head. 347 Pounds Pressure ] 8
12 50,1 1.44 | 10.63 12 ¥ .65 429 576 30.4 .69 45.2 603 30.4 6 A
15.00.| 1,62 1.13.00 12 . % 75 65.1 871 44.7 80 68.8 915 44.7 8 :
17.50| 1.87 ['15.25) 16 1 .86 92.5 | 1239 64.3 .92 98.5 | 1311 643 | 10 |
20.50{:-2 00 17.7s| 16 134 97 | 124.6 | 1678 91.6 || 1.04 | 1329 |. 1778 91,6 | 12
23.00 [\ 2.12 |20.25| 20 1% || 1.07 | 160.2 | 2153 | 115.2 || 1.16 | 172.6 | 2302 | 115.2 | 14
1.25.50 1" 2.25 | 22.50 20 1y 1.18 | 199.2 2675 142.1 1.27 | -215.0 2864 142.1 16
N “28.00-| 2.37 | 24.75 24 1y 1.28 | 244.6 3280 172.2 1.39 | 264.1 3514 172.2 18
2 [:30.50} 2.50 | 27.00 |- 24 1% 1.39 | 1744 3945 205.9 1.51 § 318.3 4231 205.9. 1 20
24 ..1..36.00( 2.75 | 32.00 24 134 1.75 | 446.2 5948 296.8 Il 1.88 | 476.9 6316 296.8 24-
Flangés in accordance with American Standard for 250 poundssteam pressure. F or dunensmns see page 149.  All flanged
pipe faced to the exact dimensions specified. - The standard length of flanged pipe is 12 feet. All weights approximate.
Flanges furnished with raised faces unless otherwise specified, For special flanges see page 151.




AMERICAN STANDARD FLANGES

2 service. . When reqiiired, the fittings and flanges in sizes 36 inches and larger. ca

American Standard *Dlmensmns and Drilling Templates of
Flanges for Cast Iron Pipe and Fi ittings for |
Maximum Working Saturated Steam Pressure of

250 Pounds per Square Inch

Table No. 53

Nominal | Dlaeter) e e | of Boie [Number| - Size | SEe0f
Inches | Flange | Flange| Face | Circle | ,of [of Boltsi ¥foles
> | Inches [Inches| Inches | Inches | Bolts Inches| fnches
1 4% ), 33 4 5 I #%
OO I A O e B 1 S 104
14 . 6146 s 3 9he 4y 4 Ty §23
2 6% } ¥ e 5 8 4 Y.
2% 7% | 1 woshe | 5% | 8 %o
3 83 | 13 | & he 656 8 Y #
3% 0" | kg [ ¢ e | 7% (-8 “| %
4 10 1Y% | ¢ ‘_/f 7% 8 % »
Al s i1 136 | 7 e 9% 8 % %
6 a2 | 1% | g ape | 103 | 12 % %
B .. . . - hY
T8 15 186 (g <Hhe | 13 12 " 1
10" 7% | 1% oy e | 15% | 16 1 134
12 | 20% | 2 ihe | 17% 16 136 1%
7140.D. -23 236 |17, | 20% | 20 1% | 1%
A60.Di 253 | 234 | ., fC | 22% | 20 14 | 1%
180.D.|- 28 236 | asshe| 2a3¢ | 20 oy | 13
.32_8;@ 2% acghe| 27 24 1% {% :
300;D:[ 43 g% zo4me | 30 | 25 1% 2%
360.D.|" ‘50 33 | 377 LR 23
‘120D 57 | asg Y3 say |38 | 2o | 2%
480.D:f - 65 |4 See | 0% | 40 2 2%

All dxmensxons in mches. :
Drilling templates-are .in multiples of four, S0 that ﬁttmgs may be made
: face in'any quarter, and bolt holes straddle the center line. :
For bolt holes smaller than 134 inches the bolt holes ari rilted” 16 .inch and: i
_for bolts, 134 inches.and larger the bolt holes are drilled / inch larger than; the"
nominal diameter.of bolts. -
“The bolt holes on’ cast iron’ ﬂanged fittings are ‘not spot faced for ordmar{

be spot faced or-back faced, so that standard length bolts can be used.:

.+ +_ - Flanges shal ,have a ralsed face 3 inch high mcluded in the minimum ﬂange

7 thxckness ‘dimensil

g n sizes .14 j nches and larger “Nominal Size” refers to outside diametd

- fittings; for flange pipe as shown on page 148, however. thls figure represents the4

“ingide diametef of the pipe. -
: *See note page 164.

D149




oSt

Hex. Head Bolt and Nut

ot LENGTH

Square Head Bolt and Nut

Diménsions of Standard Bolts and’ Nuts
“for American Standard Flanges

Table No. 54

p
- * Hexagon Head Hexagon Nut Square Head Square Nut =
Qo w -

= oo
I |41 9 ' sga
m s e o
25 | 85| % J7 =D 3945
e\ QBRI
1 |20 | 0026 ] 34 29%4) He | ¥ 3%64| ¥4 || % 1769 e lf 3% 4564| M 260
5{s | 18 0.045 15¢al 85641 15441 192 13| e isda1 214,50 35440 1342 2262 g%ﬁ 450
3 |16 0.067 Qe | 4164| %ol 16| 5Ma| 36 || He | 5164l 2| Lle|. %64 670
e | 14 0.092 2142l 34 2124 2382( 2982 e 21go0 5%4] 2264l 2582| 1264) 26| 920
1 |13 [ oazs| 3z | 1 3¢ Il 74 11 15 I 84 | 1s | 3% || 26 | 1234 25| 1250
%e | 12 0.161 2%2 8344| 2144 6%2 ‘134, He ‘”g’}ﬁz 1346 | 244l 23l42| 134 9%6 1610
56 | 11 0.201 1546| 1342 1560l 146 | 1282 | 2% 1%5 12384 1565 1346 | 124 56 | 2010
32 |10} o301 | 13877 1394.) 94| 135 {1%e | ¥4 |1 12950 9% | 1 145|341 3010
Bl | ous| e | 1y 1986 | 12382 76 || 1546 | 15544 234l 1% | 2345 | %6 | 4190
1 ‘8 10,550 | 1 14%s| 3% N5 |13 |1 1337 [ 236 | 3 || 1% | 21%a| 1 5500
136 |7 | 0.693 | 1134l 10364l 226.|| 13346| 2342 | 136 || 13346] 225¢4| 2%44|| 11346] 29 134 | 6930
13 | 7 | ose0 b 115 % arigy] 154: | 2595 115 ||-126"°] 22343 184l 2.7° st 15| o0
158 | 6 | 1056 | 237s.| 225¢e| 134571l 2506 | 21%40] 158 || 2356 | 25%3] 1342 25s | 333 13¢ | 10560
13 | 6 | 1208 | 234" | 29845 136 || 23¢ | 237 | 134 || 234 | 3% 2% 3234, | 135 | 12040
‘154 | 534] 1515 | 2746 | 21846 | 1742 || 2906 | 22262] 156 || 226 | 32%a] 1742 || 26 | 356 | 154 | 15150
134 5 1.746 26@( 362 | 1545 336 | 132 || 25 32332| 134 ¢ 357641 134 | 17460
198 103 | 2iost | 23%.| 3557 | 1588, 21544 3138] 178 || 293¢ 36343| 1338,] 21844 | 2545°| 134 | 20510
2 434 2.301 | 3 3154,1 135 1.3 35 |2 3 4 | 1% | 3 42344 2 23010
214 434] 2.646 | 3346 | 3114s! 1194,/ 357 | 35344| 236 || 3346 | 434 | 11945 35{s | 4134 6| 234 | 26460
237 | 414| 3.021 | 334 | 32841 113{ql| 324 | 4344 | 224 428491 1134)l 324 48164 224 | 30210

All.dimensions in inches.
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1St

General Dimensions of Various
Facings of Pipe and Fitting Flanges
For Extra Heavy (250 lbs.)
Pressures

Table No. 55

Maleand Female Joint Tongue and Groove Joint Raised Face E :
Diameter | Male and Female Joint Tongue and Grooved Joint Diameter b I
. o Diameter | Diameter | Inside Outside | Inside Qutside | Depth of | Height of | of Raised E.g
Size Flange | . of of Diameter | Diameter | Diameter | Diameter| Recess Face Face oy
B Recess D| Male E [Groove F | Groove G [Tongue H| Tongue J X L E
1 4% 234 2% 15 39 1% 2% | K A 2 3.
1% 534 2% 234 2% 3 234 3" % 5% 2% Z
1% | o | 3% | 3w | 2% | 3% | 2k 36 | % 5% 2% P
2 6% 3% 354 3% 4% 3% 43 % % 356
2% 1% 4% [ - 434 3% 49 356 454 % % 4% .
3 8% | sk 5 4% 5% .| 4y 5% % % 5 N
334 9 5% 5% 4% 55 43 5% b3 % $% Z
4 10 [ 3 6 53% 65 5y 6% % % 6% o
.5 1 7% 1% 6% 7% 6% % % % 7% &
6 1234 87 834 % 8% 7% 83 . % % 814 w
8 15 10Y% 1054 9% 10%g 954 1024 % j 21 1056 . .
10 1734 12% 1234 11% 133% 1156 13 1% % % 1234 e
12 20% 15% 1514 13 9% 15 3 1354 153 % b24 15
i4 23 16 % 164 153 17% 1574 1734 % Y% 163
16 25% 18% 18% 18 5% 203 1834 20 % 3% 14 18%
18 28 21 21 - 205 22% 2034 2234 %_ A 21 .
20 304% 23 % 23 22Y% 2434 225 245 % A 23
24 36 27% 27% 26-%; 28 % 26 % 2814 3% Y% 27y

" All Dimensions are in inches. - For drilling see page 149.




Dimensions and Weights of Bolts, 7
Nuts and Gaskets for Standard
Flanged ‘Pipe and Fittings

O
: . : -
Section through Section through wn .
Table No. 56 Ring Gasket Full Gasket = |
Lot |
Standard (125 Lbs. Pressure) " Extra Heavy (250 Lbs. Pressure) g i
l\gg:;' ~ Bolts and Nuts Ring Gasket | Full Gasket I:'Ir?:ll- Bolts and Nuts Ring Gasket | Full Gasket z
—- Diam- Size | Wght.|Inside{ Outs. | Inside| Outs. ||Diam- Size | Wght.|Inside| Outs. | Inside| Outs. ! E
“n eter of|Num-j and per | Diam-|Diam- [ Diam-| Diam-|eter of|Num-| and per |Diam-| Diam-| Diam-| Diam- -
o Pipe | ber | Length| 100 | eter | eter | eter | eter || Pipe | ber [Length| 100 | eter | eter | eter | eter s
2% 4 $6x2 4| 47.5 2y 494 24 7 2314 4 ¥x3 82.9 2% | 54| 24 7% ]
37| a2y ars| 37| s | 37| 7m|| 37| s %x3yl s6o| 3 5% 37| 8% &
34 4 | 56x215| 49.6| 34 636 3y 84 3% 8 #x3Y%| 86.0| 3% (374 3y 9 %
4 8 | s6x23| 517 4 | 6% | 4 9 4 8 | %x3x| 891 a4 7% 4 10 =S b
5 8 4x23%| 79.8 5 7% 5 10 5 8 3%x33 92.1 5 8Y 5 11 Q s
6 8 34x3 . 82,9 6 834 6 . 11 6 12 4x334] 92.1 6 974 6 1234 %
8 8 3%x3%| 86.0 8 11 8 13:% 8 12 %x4 Yyl 1400 8 1234 8 i5
10 12 %x34%| 128.6{ 10 1336 | 10 16 10 16 [1 x5 2100 | 10 1434 | 10 17 3%
12 12 ¥%x3 M4} 128.6| 12 1634 | 12 19 12 16 |114x52| 285.0| 12 1656 { 12 203
14 - 12 (1 x4 189.0.| 14 1734 | 14 21 14 20 [136x53%| 292.0| 14 1926 | 14 23
« . . ’
16 16 {1 x4 189.0 | 16 20% | 16 231 || 16 20 |1%4x6 393.0] 16 21% | 16 254
18 16 [136x4 34| 265.0 | 18 2136 | 18 25 18 24 |1%x6%)| 402.0) 18 23} | 18 28
20 20 |1 36x434| 272.0| 20 237% | 20 274 || 20 24 |13£6x6 34§ 515.0| 20 2554 | 20 301
24 20 [1%x534] 365.01 24 28% | 24 32 24 24 |156x7%0 .... ' 24 3035 | 24 36

Dimensions in inches. For standard flanges see pages 147 and 149.
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Dimensions and Weights of

American Standard *Blind Flanges

T

1

Table, No. 57

) Standard for 125 Lbs. Steam Working Pressure Extra Heavy for 250 Lbs. Steam Working Pressure
Size Diameter | Thickness | Thickness of !Approx. Weight] Diameter Thickness Thickness of |Approx. Weight
of Pipe | of Flange | of Flange | Dished Section Pounds of Flange of Flange | Dished Section Pounds ~
1% 5 % 3 A e 6
2 6 54 5 % 8
2y -7 A 7 R 12
% 34 e 9 13 P 16
33 824 % e 12 1% ceee 20
4 9 % P 16 1Y R 26
5 10 % e 20 134 A 34
6 11 1 e 25 .12 . 46
8 134 134 42 156 75
10 16 13 cean 63 1% e 120
12 19 1% g 88 2 1 155
14 21 134 . B 115 2% 114 210
16 233% 1% 1 160 24 1Y% 270
18 25 - 1% 13 190 238 136 350
20 27% 13¢ 124 250 2% 114 440
24 32 1% 1317 370 234 156 670
30 38% 2% 1% 620 ceen .
36 | 16 23 156 990
42 53 258 15 1470
48 59Y% 2% 2 2000

All dimensions in inches.

*See note page 164.

Standard flanges have plam faces.

Extra heavy flanges have raised faces.
All blind flanges for sizes 12 inches (19 mches 0. D.) and larger are dished, with inside radius equal to the port diameter.
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Dimensions and Weights of American
“Standard *Cast Iron Compamon
Flanges for Steel or Wrought

Iron Pipe

' Table No. 58

Standard for 125 Lbs. Steam Working Pressure

Extra Heavy for 250 Lbs. Steam Working Pressure

%51

Diameter Diameter | Thickness| Approx. | Diameter | Diameter | Thickness] Approx.
o o of Weight o of o Weight
Flange Hub Hub Pounds Flange Hub .| Hub Pounds
5 % . 2% .87 3 6% B 2 % 114 [
6 56 33 1.00 5 6% % 3% 1Y 7
7 P 3% 1.14 7 1% 1 3%, 1% 11
% % a4y 1.20 8 8y 114 456 1% 14
84 56 43 1.25 11 9 13 514 156 18
9 e 5% 1.30 14 10 1y 534 134 23
10 B 6% 1.41 17 11 13 7 . 124 29
i1 1 7% 1.51 22 1214 17% 816 1% 37
1334 134 9% 1.71 31 15 154 10Y% 2%. 56
16 13 1135 1.93 45 1714 174 1258 238 . 81
19 1% 1434 2.13 63 20% 2 143 2% 115
21 134 1534 2.25 -82 23 214 164 2% 155
234 1% 174% 2.45 105 254 2y 1834 2% 195
25 1% 1954 2.65 120 28 234 2054 3% 240
27% e 2134 2.85 150 304% 2y 2234 3% 300
32 - 1% 26 3.25 220 36 23 27 3% 3% 450

All dimensions in incheés.
For standard threads see page 158.
All regular sizes of steel or wrought iron pipe in sizes 14 inches and larger are designated by the outside diameter.
*See note page 164,

Standard flanges have plain faces.

Extra heavy flanges have raised faces.
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AMERICAN STANDARD FLANGES

American Standard *Dimensions and Drilling Templates of
Flanges for Cast Iron Pipe and Fittings for
Maximum Working Saturated Steam Pressure of

25 Pounds per Square Inch

Table No. 59
. - . . Diam- T
Nomi-| Diameter [Minimum| Diameter | Ny {Diam-{"eter | Length | Size of
lgx‘a,l o Thlckfness BOflt of eter o of Ring
ipe . of olt - of [

Size aFlange Flange?, 4| - Circle Bolts! Bolts I?gllgs Bolts?, 5} Gasket
4 {0 71 1Y% 81 ‘5 34 2y 4% 67
s | 10 $ 82 | s | s 2| 312 | 5% 75
6| 11 | % bit4 8| 8| M zg 6% 88/
8 1335 % 1134 8 5 % 2 811
1 | s | s | 12 ] 32| 82| 2% | okis
12| 10 1 17 12| ol | 2y | 1xs
1] 21 be | B | B B K| | uXIS
16 | . 231 1 | 204 | 16| | % 3 162034
18 | '35 1 | 228 | 16 | % | Bl 3 18%22
20 | 27y 1] 25 . 20| %] % 3 205243
u | 2 135 | 20m- | 20 | | % | 3y | 2exoss

30 | 38y 1% 36 IR R IR S R 27+

36 | 46 15 | ay | 2| %1 5 3641

a2 | 53 150 | aois | 36 | 1 | 1| sy | 12Kas

8| sy | 2 56 1. | 1] 3 4855
54 | 66y 214 623 | 44 |1 |14 | ss2. | 546134,
60 1 13" 27 | e | s2 1| 1| & 50X683¢"
72 | ssy | 292 822 | 60.] 134 | 134 | 6% [ 72X81
8 | oob | 257 | o5tz | e | 15 | 15¢ | 71 | saos

o6 | 1135 | -3 w08s | 68 | 134 | 134 | 78 | 96X107Y;

All dimensions given in mches Y

1 Nore: Drilling templates are in multiples of four, so that fittings may, be made to
face in any quarter, and bolt holes straddle the center line. Bolt holes are drilled 4 inch
larger in diameter than the nominal diameter of the bolt. ‘L
2 Note: The bolt holes on cast iron flanged fittings are not spot faced for ordinary | .

“{ services When required, the fittings and ﬂangas in sizes 36 in. and larger may be spot ¥ |

faced or back faced :to minimum thickness: 9 ﬂange with a plus tolerance of 34 inch, so

that standard length bolts:can be used:

3 Note: All 25 1b, cast ifon standard ﬂénges have pla.m faces,

¢ Nore: Screwed Companion Flanges “should not be thinner then the ‘125 Ib. o

American Standard’ thickness on sizes 24 m a.nd smaller. Other types of flanges may

have thicknesses as given in the table above.’ )
s NoTE: Bolts shall be of steel with standard “Rough Square Heads” and the hexagon "

nuts shall be of steel with “U. S. standard dimensions.’ .
*See Note page 164.




. CAST IRON PIPE HANDEOOK

Dlmensmns of American Standard Pipe Threads for Steel or
' Wrought Iron Pipe = mommqmomes

E | LENGTH_OF KFFECTIVE THAEAD.

et e T \ “TAPER. 17 IN 18 _
NORMAL ENGAGEMINT BY HAND  MUARUREKD ON

EETWERN MALE & FEMALE THREAD

A
SITEH DIA. OF THAZAD PITEN DIA, OF THREAD ©. D. OF mPK
AT END OF PiPE . AT GAGING NOTGH .

+ Table No. 60

PITCH

(S
o
W@
ot
%

12.53281
13.77500
14.76875
15.76250
16.75625
17.75000
19.73750
21,72500 . K . .000- )
. 23 71250 23.86094 | 3.2500 | 2.375 | 24.000 |..100 .12500

o

0900 0200 00 05 00 06 09 00.00 00 09 05 00 00 00 30 60 00 00 i

gupbpuou

Dimensions in inches, )
-For, standard dlmensnons of plpe, see page 158.




"CAST IRON PIPE THREADS s

Dimensions for Cast Iron Pipe Threads-

D EFFECTIVE R :
THREAD LENGTH 2. THREADS PERFECT BOTTOM
BUT FLAT TOP

4 THREADS (MPERFECT
_TOP AND BOTTOM

£EG6 A F cB

A=Nominal I. D. F= C—2 J+. 125 P
. -B=0.D.of Pipe - ‘G=E-27] . o
1 --C=B-.10, ; . “H =No. Threads Per Inch
I ) D= P(80C+68) " B J=8P
I I (c+ 8P)—P (.05.CH+11) - P =Pitch * -

- R . :Total Taper 34" -Per Foot '

L Table No. 60 (éonf_inued)

Size A B C .} D- E F G H
*137 | 1.375 | 2.000°-1.900 | 7235 | 1.865 | 1.772] 1.726 | i1y
*114 1.600. |- 2.475. 2.375 -.7565 2,338 2.247 2.199°( 1134

0,
%
o
o
<
°
(=3
o
<
=]
b
o
<@
=
b
S
1
(=
0.
Frad
1 OVEO 1 00 € d
®
g
=3
=
-]
=
%)
]
€0.00 09 02 00 00 00 00 00 00

167 | 16.000 | 17.400-| 17.300 | 25800 | 17.15¢ | 17.116 | 16.954 | :

LT *Same as ofe s size larger Amencan Std. Tapered Plpe Thread
e T dxmensxons in inches. :




CASTTRON PIPE ‘HANDBOOK

<. Extra Strong

'Double Extra Strong

ness |*

Weight
Pr. F't.|

Thick-
ness

inéerQ -

‘mal.
Dia.

Weight| Thick-
Pr. Ft.| ness

Inter-
nal
Dia.

Weight
Pr. Ft.

TR RN

2 ST CTUNTNUNUR

1 1\0.00.00 “ION Ui . 00 &0 DD B 1t b 4

INRNEO
w
=
[

d bk b 3
QOCRNOIONB B WO -

...
K,
(=]
b,
(=1

,:12 000}49- 562;.;

1107750
! 11.750

60075’
65.415.

,Fot standard flanges;
“For standard thread.

see page 156.

see page 154,
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FLANGED FITTINGS .

SECTION 9

-
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° ‘CAST IRON PIPE HANDBOOK

STANDARDIZATION OF FLANGES
AND F LANGED FITTINGS

ECOGNIZING the importance of the adoption of a

standard for cast iron flanges which would cover,
in so far as posmble, all types of ﬂanges including
those on cast | iron pipe, ﬂange connections on steam
engines, steam pumps, cast iron valves for steam, water,
" etc., The American Society of Mechanical Engineers
appointed a committee in 1892, for the purpose of investi-
gating the subject and reporting thereon to the Society.
. The A. 5. M. E. Council hoped that it might be possible
to devise some standard which would be suﬁic1ent1y
broad to induce the various manufacturers to adopt it
in place of the dimensions which were then in use by them
-individually.
The same year the National Assoc1at10n of Master Steam
and Hot Water Fitters appointed a committee for a like:
. purposeé which recognized the importance of the subject
and held numerous meetings, individually and jointly,
with the American Society of Mechamcal Engineers”
, Comnuttee , : - ,
t the annual convention of the Na.tlonal Assomatlon ‘
of Ma; ﬁer Steati and Hot Water Fitters held in New York,
June, 1894, thelr committee on Flange: Standardization
recommended the holding of a joint “conference with- The:
American "Sééiety of Mechanical Engineers’ Committee.
This recommendation was favorably received and a joint.
conference was held on July 18, 1894, in the rooms of
"~ The American Society of Mechanical Engineers. It was.

~

ieo




STANDARD FLANGED FITTINGS

attended by the members of both committees and also by
many representatives of the leading manufacturers.

- After discussion of the various dimensions of ﬂanges,
the conference reached a unanimous agreement that all
manufacturers, engineers, and users should adopt standard
dimensions for flange diameters designed for pipe sizes
from 2 to 12 inches inclusive and pressures up to:200

Ibs. per 5q. in. It was further agreed that all manufac- .

turers would send to their customers infermation compiled
by the committees covering diameters of flanges, bolt
circles, etc., so that full knowledge -could be extended. "

In 1901, the “Manufacturers’ Standard” for pressures
up to'250 pounds was developed. Later, about 1910, a
group of manufacturers formed an organization known
as The Committee of Manufacturers on Standardization
of Fittings and Valves (Manufacturers’ Standardization
of the Valve and Fittings Industry), and began the work
of designing a. completely standardized line of flanged
fittings, including flange dimensions, center to face and
face to face dimensions and shell thicknesses. - This work
was completed and published in 1912. k

During the years 1912 to 1914 a Joint Conference
Committee composed of representatives of the Committee
- of Manufacturers on the Standardization of Fittings and
~ Valves and The American Society of Mechanical Engin-
eers, formulated a group of compromise staridard dimen-
sions of pipe flanges and flanged *fittings for use under
-working steam pressures of 125 and 250°Ib. per sq. in.
These standards were based on _the 1912 U.'S. Standard
and the Manufacturers’ Standard adopted the same year.
The Joint Committee’s report was completed in ]anua.ry,’

1914, and rewsed in: March 1914 -This ‘revision was

6t




_‘CAST IRON' PIPE HANDBOOK

accepted at conference in Washington which was attended

by representatives of the United States Government, The
~ Master Steam and Hot Water Fitters, the Manufacturers’

Comrmttee and The American Society of Mechanical

Engmeers The A.'S. M. E. adopted the report of its
, commrttee m December, 1914

- In 1918 the A. S. M. E. Committee on Standardization .

Qf Flanges and Pipe Fittings completedin cooperation with *
the Committee of the Manufacturers a new standard to -

be. known as" the “American Low-Pressure Standard”
for :501bs. per,sq. in. working pressure.

In the Spring of 1921 when the unification and extensmn ‘

’ of the-flanged and screwed. fittings standards in use in
this.country seemed desirable, the American- Englneenng
Standards- Committee -authorized the organization of -a
" Sectional ‘Committee. on. the Standardization of Pipe
Flanges and Fittings: under the joint ‘sponsorship of the
Heating and Piping Contractors’ National ‘Association,

- which prior to 1918 was known as the National Associa- -

tion of Master Steam and Hot Water Fitters, the Manu-
facturers’ Standardization Society of the Valve and Fit-
 tings Industry, and The American Soc1ety of-Mechanical
Engmeers This' Sectional Committee numbered sixzty-
two representatwes appomted by twenty—mne natlonal
organlzatlons. : _ : : '

_ After several years of work, the Sect10nal Comrmttee
has. completed the .revision . of the standards known. as

_‘“Cast Iron Pipe F langes and Flanged Flttmgs for Workmg A

steam pressures of 125 and 250 lbs. per sq. in.” These
supersede . the so. called “1914 ‘American; Standards.”
The Committee: has also formulated  a standard . for
25 Abs, per 8q..in. Workmg pressure Whlch will supersede

T 162




‘ STANDARD: FLANGED F ITTINGS

| the 50 Ibs. standard approved and pubhshed by the A S
M. E.in December, 1918.

“All three of these standards contain- tables of templates
for drilling- flarige thicknesses, ‘center to face and face to-

- face dimensions of fittings-and body thicknesses for all’

types of fittings that are commonly used and stocked by"_ l

- manufacturers. . B
By making the’ ﬂange diameters, bolt circle dlameters,‘ N
number of bolts, center to face, and face to face dlmensmnsf f
- of Cast Iron Fittings for 25 and 125 lbs. per sq. in. working-

pressures, the same, it is possible to interchange fittings

_ in pipe lines designed for these pressures. It should be 1
noted however that the thickness of flange, and thickness .

of body dimensions differ due to the difference in working

© pressures.

In working up an-“American Standard” for Steel Pipe
Flanges and Fittings for 250 lbs. per sq. in., the Sectional

Committee on Pipe Flanges and Flttmgs thought 7it - -

advisable to. make the essential.dimensions the same-as’
fo__1j Cast -Iron Fittings of the .same working pressure::

~This was accomplished and we now have interchange~

ability between- fittings manufactured to these- two:
standards.
Cast Iron Flange Pipe is regularly equipped with flanges

_which conform to these Standards.. Pipe of Classes

A, B, C and D being provided with flanges in accordance -
with the American Standard for 125 lbs. per sq. in. steam
working pressure and Classes E, F, G and. H being pro-
vided with flanges in accordance with the 250 lbs. standard.

In the pages that immediately follow will be found the

dimensions of flanged fittings made in accordance with

the standard for 125 and 250 Ibs. per sq. in. steam working -
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pressure. . In" designing these fittings no allowance was

T made for water hammer.

. For use in the design of water plants ﬁttmgs which con-
- form to the A. W. W, A. Speqﬁcatlons as to radii, laying
- dimensions and thickness can be furnished. On pages
186 to 192 will be found tables of these fittings equipped
with the standard Flanges mentioned above.

Unless otherwise specified the term “size” in the follow-
~ing tables refer to.the nominal inside diameter of the
s ﬁttmgs

- -~'NOTE: The Tables of American Standard Cast
Iron Pipe Flanges and Flanged Fittings herewith
. _are based on the tentative specifications and
"~ havenot been approved by the sponsor organiza-
tions; They are, therefore,* subject to revision.

;zs‘i& drn L 250 LY T ‘~’¢V? /(Z;,LM Ao
%&Waou%ﬁféw {7&,‘ M‘ ‘zﬁ{/ W

A =t /x;;u' > Zil J/WM M‘K{r/&»
j%a ER gy A V/ }7{% ﬁ{:, M%&f
y /”f.l VL/LI,/L/&_JZI’“ {i JM¢/’""
CL/&'JC, e 1{%4/&@/6?" ﬁ/& 2,‘M¢£4£<,
4(,4\ iz d L'LLW P / [Luo 04_’1&4@ "

a1 ﬁ,{ﬂcf 2t /U, a /WMAQL e a,&éw'f/;é,y a
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AMERICAN STANDARD FLANGED FITTINGS

~Names of Flanged F 1tt1ngs o

A4 éﬂ 4|

90° Elbow Long Rad. Elbow  Reducing Elbow . 45° Elbow
Sxde Outlet Base Elbow Tee " Side .Outlet-Teg
- Reducing Tee Side Qutlet Base Tee . Cross
Reducing Tee
Reducing Cross Concentric. * Eccentric Flanged Wall' Piece: '
Reducer ‘Reducer ’ i
. ;- ) E
b Lateral Reducing Lateral Wye . Haf. Flange
Flange and Flare Flange and Flare Return'B_end\ Filler Piece "/./

Piece : Sl e v

165



? Laymg D1mens1ons ‘of American Standard Flanged Fittings for
‘ Maximum Workmg Saturated Steam Pressure of

. Long Raﬁds

Elbow
-J ;
x - o
| 1 >
: = R Cf e
" Becentric - Reducer Short Body -~ ShortBody» ShortBody
‘Reducer " Reduci Tee ross  Red Lateral
= s Table No. 62 V
Sl}‘&% ]'31%%35" Shori Btodyi Red.
aterals. ¢
alBlclolelric Sand ::rosses - :
Lt : ize.of| | ize of)|
i : ol Outlets| H| J [Brichs|L| M [N | P
¥ 5 |13 734 53| 134].
U532 | 87| 6414
A8 386 5 | 3
B R b4 Y -, .
,.’.‘7 N 3,J 2.3 9% 2v.y:.
Y|l 734 3 113 |10 3
8%| 3utangl1134 3
%9 |4 115 [12 |3
TYN0H| 4417 |1334].334
N1 5 |18 |14%; 34
147 532 1174 434
1634| 6342534(2034 5~
1197 | 73430 ,[2434] 5
73433 ° 27% _6}‘4
8‘;36%30' 634
84|39 |32 7
i3’ 8: a0~
-9 |24
10 30}:"

See nétés on pages 164, 171 and 172, s
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AMERIGAN STANDARD FLANGED. FITTINGS |

L'a,ymg Dimensions of American Standard Flanged Fittings for
".J " Maximum Workmg Saturated Steam Pressure of

/ 250 Pounds per Square Inch
> ' "‘ a

Reducmg

Elbow 45° Eloow Long Radum Tee
l—r}\ E !
w .
L i
: Lateral Eccentric  Reducer ShortBody Short Body Short Body
Reducer educmg Tee Reducmg Cross Reducmg Lateral’
Table No. 62 (continued)
Short Body o :
Reducing Tees Short Body Red.
size |lalBlc|IDlElF|lQ: and Crosses . | .. Laterals
: Size of ‘Size of]| .|
. |outlets] E | T |Brch’s L%E P
iy i g‘y 5 3% ?y/, %V | '
¢ 1 .
15 |43l 6" 2311”7 834 2%
2 5 6% 3 1149 (2Y..
2y 5% 7 | 34|13 (1014] 24..
3 6 73| 3114 |11 3
334 | 624 8% 4" [15341234] 3
4 7-19 4144116 %|13%4| 3
5 8 :11034] 5 . |18 ¥4|15 34
6 834[11%| 521341734 27| 0
c8 |10-J14- 1% 25342034 5
10 (11341634 7 |29 34|24 53412
12 13-:119 18 (33 14|27 14| 6})1'
140D 15 E.Zly 814137 14(31. | 6 4|16
16.:“ 11634124 93042 (34 4| 71418,
18"« |18 1-26;410 4514375 877|19° 12
20 “ ié;ézg losdeo Jaosd s3dz0 (1% |15 5618 34307 o J37 34|
24 “ 1221434 4. 112, (5734147 34110 24 116 [17 -221%12- 4 144)41[-3|
307« 27%41"%15' eoedleia ] e 30 20 #1203 (2534). s ] ] o] es

- See no;és on pages 164, 171 and 172,
All dimensions in inches.

o

167




CAST IRON PIPE HANDBOOK.

Laymg Dunensmns of American Standard Flanged Flttmgs for
Maximum Workmg Saturated Steam Pressure of .
125 and 250 Pounds per Square Inch

1=

True Wye ‘ ) Base Elbow-

Table No. 62 (continued)

L= L

Base Tee

-

Standard 125 Lbs, Steam Extra Heavy 250 Lbs. Steam
Working Pressure : Working Pressure
Size .

A|lF|s|T|lujRrR|lA|FlIs|T|U|R
1 33| 134| 33| ml 34| 3% 4 | 2 | 4 | 34| 34 x4
132 | 33| 134 3% % 34 354\ ax| 2% & | 4| 3| 2
135 : 2 4yl ol 3| 334 44| 24| 4 Uel x| 434
2 435| 224 456 4| 4y 48] 5 23| 54| . % Y| 44
234 | 458 4| 34| 42| S| 23| SH| 4| M| 434
3 533 3 | 5| % x| 4l 6 | 3| 636 wm sl 53¢
3% 6 | 5 % 4| Skl 634 3 638 | 54 536
H < 19 I BN I < <1 N I P R I B )
6 NOSA 7| s | Y| e 3 AL | B
8 9 41 9 s 24 834|| 10 5 110 | 1%4] 4 9
10 |11 | 57| o | % % os|| 1134 5] 10 | 1% %l 1034
12 12 syl 11 |17 17 11%]] 13 6 | 1244 1% 17| 12
14 14 6 111 |1 j1 |12%| 15 63 1234 1% 1 .| 1334
16 |15 6340 11 11 | 11133 1625] 7%| 1244 17%| 134 1234
18 | 1634 7 | 133 138 138/ 15 [[18 | 8 |15 | 136 134 1634
20 118 8 | 13%) 134 134 16 || 1924] 8340 15 | 134 134] 1774
gg, %g ‘18 13%4] 136] 134) 1834 2224| 107 | 1724| 1%4] 13| 2034

i See notes on pages 164, 171 and 172,

"= All dimensions”in inches.

168
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Laying Dimensions of American Standard Flanged Fittings for '}
Mazimum Working Saturated Steam Pressure of
125 and 250 Pounds.per Square Inch

Anchorage Tees Reducing Anchorage Tees

Table No. 62 (continued)

Standard 125 Lbs. Steam Extra Heavy 250 Lbs. Steam
. |Size Outlet Working Pressure . Working Pressure
Size an .
Smaller .
A B D T A B D T

- 2% 2% 4% | T % 434 1 1% 3.

3 3 4% | 1% EA 5% | 834 %%

3% 3% 5% 814 % 558 9 Y%

4 5% 54 9 B 6 10 T

5 5 . 6% | 10 % 634 | 11 1

6 6 7 i1 1 734 | 12 1%

8 8 836 | 1334 124 9 15 136
10 10 934 | 16 13 10% | 17% 1%
12 12 -, 117 | 19 124 12 201 134
14 14 123 | 21 134 1334 |23 134
16 t6 - | 133 | 234 1% 1| 143 | 2514 1%
18 18 to 14 15 25 1% 16% | 28 . 1% ||
18 12 - | 1524 ] 19 25 1% 161 | 2014 | 28 T 1Yg
20 20 to 16 16 27% 13%¢ 1726 | 3014 1%
20 14 16 21 2744 1% 17% 1 23 304 1%
24 24 to 18 1814 | 32 1724 2034 | 36 : 2
24 16 1814 | 233 | 32. 1% 203 | 25% | 36 23 .
30 30 to 24 22 38%; . 2314 2434 | 43 2%
30 20 22 272} 38% 23 2434 | 30% | 43 2%
36 36 to:30 251 | 46 234 .
36 24 25% | 32 46 234
42 42 to 30 2937 | S3 256
42 24 291 | 363 | 53 254
48 48 to 42 323 | 593 234
48 30 323 | 4134 | 59% 234

See notes on pages 164, 171 and 172,
All dimensions.in inches.

fitting.

On extra heavy anchorage tees the *‘Size” refers to the outside diameter of the
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g

Laying Dimensions of American Standard Flanged Fittings
for 25 Pounds Steam Working Pressure ,
Reducing Tees and Crossés (Short Body Patterns) 135

: e--J -l
o T ¥ ox
Al H
— Y[ I n} vl
Table No. 63-A
Nominal Size of . Center . Facé to Face Center-
Pipe Size! Outlet and to Face Run un to Face Qutlet
Smaller?, ¢ H . HH Jy

-] Al reducinfg fittings sizes 16 inches and smaller have same center
. to face dimensions as straight size fittings.

18 12 13 - 26 1534
20 14 14 - .28 17
24 16 15" 30 19
30 20 18 36 23
36 24 20 40 26
42 24 23 46 30
48 30 26 52 34
54 36 29 58 37
60 40 33 66 41
72 48 .40 80 48

. All dimensions given in inches: . B
1 Short body patterns are used for sizes 18 inches and larger.
2 Long body patterns are used when outlets are larger than given in above table, and,
therefore, have the same dimensions as straight size fittings.

[ face asstraight size fittings corresponding to size of the larger opening. Tees increasing on
outlet, known as Bull Head Tees, will have same center to face and face to face dimensions
as a straight fitting of the size of the outlet. For example: a 12 X 12 X 18 inch tee will
be governed by the dimensions of the 18 inch long body tee, given in Table 63; namely
1634 inches center to face of all openings and 33 inches face to face.

4 Side outlet tees, with outlet at 90 z_iegrees or any other angle, straight or reducing,
carry same dimensions center to face and face to face as regular tees having same reduc-
tions. .

§TIn a side outlet tee the larger of the two side outlets govern the center to face di-

I mensions “J.”
N

8 Fittings reducing on the run only carry same dimensions center to face and face to |

| <>

<>

a

270 %




NOTES ON AMERICAN STANDARD FLANGED FITTINGS

Am‘erican‘ Standard Flanged Fittings for
25, 125 and 250 Pounds Steam
Working Pressure
Morking. All fittings must have marks cast on them,

indicating the manufacturer and figures indicating" the
maximum working steam pressure for which the ﬁttmgs

"are intended.

Elbows. There are two types of elbow, known as
“Elbows” and “Long Radius Elbows”; unless long radius
elbows are specifically ordered the former will be furnished.

Reducing Fittings. Reducing elbows and-side outlet
elbows carry same dimensions center to face as straight -
sized elbows corresponding with the size of the larger
opening. '

Tees; side outlet tees, crosses and laterals, sizes 16 mches
and smaller, reducing on the outlet or branch have the -

same dimensions center to face and face to face as- stralght A
sized fittings corresponding to the size of the larger opening.
Sizes 18 inches and larger, reducing on the outlet or branch,
are made in two lengths. dependmg on the. 51ze of the
outlet as given in the tables of dimensions.

Tees, crosses and laterals, reducing on the run only,
have the same dimensions center to face and face to face
as straight sized fittings corresponding to the size of the
larger opening. .

Reducers and eccentnc reducers for all reductlons have
the same face to face dimensions as given in the table for .
the larger opening.

“Side outlet elbows and side outlet tees have all openmgs
on intersecting:center lines.

Laterals. . Laterals, both- stralght and reducmg, in sizes
8 inches ‘and larger ‘'shall be reinforced for the mherent'

- weakness in the castmg design.

See notes page 164. R o '.
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AMERICAN 25 POUNDS STANDARD

Size. The term “size” is used to mdlca.te the nommal
-inside diameter of port.
. Dimensions-—-No-dimensions-are-given-in-this.Standard
for-sizes-below-14-inchess—For-sizes-+2-inches-and-smaller-
“the~regular—American—125—Round—-Standard-Cast-Iron
Flanged-Fittings-are-used;for-sizes=14-inches-and-larger
the-fanged-diametersbelt-cireles-and number of ‘bolts.
are-the same:as the-Ameriean-125-Pound-Standard-with a
zediiction-in-the-thickness-of- flanges-and-bolt-diametersas
showirin-Fable-57%thereby- mamtammg mterchangeablhty
betweensthe:xtwe Standards:

The center to face dimensions for ﬁttmgs for sizes 14
inches to 48 inches inclusive are the same as the American
- 125 Pound Standard Cast Iron Flanged Fittings.

For standard ﬂanges see page 155.

For standard dimensions of fittings see page 170.

.- For theoretical weights of fittings see page 185.

AMERICAN 125 POUND STANDARD
Size. The term “size” is used to indicate the nominal
inside diameter of port. ' ’
* For standard flanges see page 147.
For standard dimensions of fittings see pages 166 to 169.
" For theoretical weights of fittings see pages 173 to 178.

AMERICAN 250 POUNDS. STANDARD .
Size. In sizes 14 inches and larger “Nominal 51ze”
» refers to the outside diameter of fittings.

" ‘For standard flanges see page 149.
For standard dimensions of fittings see pages 167 to 169.
For theoretical weights of fittings see pages 179 to 184,
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AMERICAN‘STANDARD FLANGED FITTINGS

Theoretical Weights in Pounds of American Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 125 Pounds per Square Inch ‘

Table No. 64

90 Deg. Cross
920 45 ~| Long Side and Side
Sizes Degree | Degree | Radius | Qutlet: Tees Outlet | Laterals

Eibow | Elbow { Elbow | Elbow Tees
1 5 4 7 8 9 11 10
11 7 6 9 10 11 15 13
134 9 8 11 13 15 19 17
2 14 12 16 20 21 28 25
2% 19 17 23 28 30 39 36
3 24 20 28 34 37 48 44
3y 31 27 37 46 49 63 59
4 41 36 48 59 64 82 75
5 52 45 62 74 81 105 96
6 68 60 85 96 105 135 125
8 110 94 145 150 165 210 210
10 175 145 . 230 240 270 330 340
12 250 220 350 340 380 470 520
14 350 270 470 470 530 650 680
16 470 360 = 670 620 700 850 950
18 580 420 840 760 860 1040 1150
20 740 540 1080 970 1100 1330 1480
24 1160 800 1640 1510 1730 2080 2080
30 1850 1430 2800 2350 2710 3210 3680

36 2800 2280 4450 3500 4050 4750

42 4010 3380 6610 4930 5790 6710

48 5400 4680 9250 6520 7620 8740

For dimensions, see page 166.

All weights listed are for fittings faced and drilled, based upon minimum thick-
nesses and dimensions given in preceding table without allowances for .variation, |
Cast iron is considered to weigh 0.26 pound per cubic inch.

Weights of laterals do not include reinforcing ribs.
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- "CAST TRON PIPE HANDBOOK

Table No. 65

Theoretical Weights in, Pounds of Amencan Standard
F langed F1tt1ngs for Maximum Saturated Steam Pressure
of 125 Pounds per Square Inch '

- Nj Reducers Reducers
q. . Reducing and Reducing an
Sizes Elbows Eccentric Sizes Elbows Eccentric
Reducers Reducers’
;3 x 14 17 14x 8 240 200
3 x2 19 16 14x10 280 220
3 x24% 22 19 14x12 320 250
34x 2 24 120 16x 8 300 250
.3%x 3 28 24 16x10 340 280
4 x2 . 29 24 16x12 380 310
4 x23% 1 31 26 16x14 420 340
4 x3 33 28 18x10 390 320
4 x3% 87 31 18x12 440 350
S . x2xm | - 37 31 18x14 480 380
5. x3 40 . . 32 18x16 540 430
-5 x4 48 39 20x12 520 410
6 x 3 47 39 20x14 570 450
6. x3Y% 51 43 20x16 640 490
6 x4 56 47 20x18 680 520
6.x35 . 60 50 24x12 740 580
8 x4 77 66 24x16 880 670
'8 x5 82 71 24x18 930 700
.8 x6 | 90 77 24x%20 1010 760
10 x5 [ 115 95 24x22 1080 800
10 x 6 125 100
10 x 8 150 120
12 .x 6, 165 140
12 x 8 190 155
12 x10 220 180

For dxmenslons, see page 166.

|

) All weights listed are for fittings faced and drilled, based on. mu-umum thlck—
nesses and dimensions given in preceding tables, without allowances for variation.
~Cast iron is assumed to weigh 0.26 pound per cubic inch.
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AMERICAN STANDARD FLANGED FITTINGS

Theoretical Weights in Pounds of American Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 125 Pounds per Square Inch

Table No. 66

’ Lateral Reducmg ’ Lateral Reducing |
Sizes Outlet Sizes Outlet '
(Not Rxbbed) - (Not Ribbed)
3 x3 x14% - 36 12x12x 8 : 430
3 x3 x2 39 12x12x10 470
3 x3 x2Y4 42 14x14x 8 550
3¥x 3 %x2 49 14x14x10 590
3¥x 3ux2Y 52 . 14x14x12 640
3%x 31%x3 . 53 : 16x16x 8 740
4 x4 x2 60 - 16x16x10 790
4 x4 x2Y 63 16x16x12 830
4 x4 x3 66 16x16x14 880
"4 x4 x3% 70 18x18x10 *930
5 x5 x24% 79 18x18x12 =980
5 x5 x3 82 18x18x14 1030
5 x5 x3Y4% 86 18x18x16 1100
5 x5 x4 93 20x20x10 *840
6 x 6 x3 105 20x20x12 #4220
6.x6 x3% 105 : 20x20x14 *1270
6 x6 x4 115 : 20x20x16 1350
6 x6 x5 120 20x20x18 1400
8 x8 x4 .. 175 24x24x12 *1250
8 x8 x5 180 24x24x14 “1810
8 x 8 x6 195 24x24x16 T 9¥1890
10 x10 x5 270 24x24x18 1950
10 x10 x6 280 ' 24x24x20 . .2040
10, -x10 x8 310 24x24x22 ' 2120
12. %12 ' %6, 400 :

For dimensions, see page 166.

Weights-of laterals do.not include reinforcing ribs.

" All weights listed are for fittings faced and drilled, based on minimum thlck- ’
nesses and dimensions given in preceding tables, without allowances for vanatlon.
Cast iron is assumed to weigh. 0.26 pound per cubic inch.

" *These sizes made i in the short body pattern only.
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CAST IRON PIPE HANDBOOK

Theoretical Weights in Pounds of American Standard
Flanged Fittings for Maximum Saturated Steam Pressure

of 125 Pounds per Square Inch

Table No. 67

Reducing Tees
Sizes Weight Sizes Weight Sizes Weight
3 x3 x2y% 36 4x3 x2 46 - 6x6x3 89
3 x3 x2 33 4x2 4x4 56 6x5x6 100
3 x3 x14% 31 4x2 35x3 49 6x5x5 95
3 x214x3 35 4x2 Yx2 34 47 6x5%4 92
3 x24x2Y% 34 4x2 4x2 45 6x5x3 84
3 x2Yx2 31 4x2 x4 54 6x4x6 98
3 x2Yx1l 29 4x2 x3 47 6x4x5 93
3 x2 x3 33 4x2 x23% 45 6x4x4 89
3 x2 x2Y4 32 4x2 x2 43 6x4x3 82
3 x2 =x2 29 5x5 x4, 78 6x3x6 92
oy xF
3 x2 x1H4 27 5%6- X334~ 74 6x3x5 86
3 x1234x3 32 5x5 =x3 70 6x3x4 83
3 x1u¥x2Yy 30 5x5 %234 68 6x3x3 76
3 x14x2 27 5x4 x5 78 8x8x6 150
3 x1kux1Y 25 5x4 x4 75 8x8x5 145
3 14x3 ¥4x3 46 . 5x4 x3 68 8x8x4 145
3Y%x3Yx2Y% 44 © 5x4 x24 66 8x6x8 - 155
3 14x3 ¥4x2 42 5x3 x5 72 8x6x6 140
4 x4 x3 60 5x3 x4 68 8x6x5 135
4 x4 x3 57 5x3 x3 61 8x6x4 130
4 x4 x24 55 . 5x3 x2Y% 59 _ 8x5x8 150
4 x4 x2 53 5x2 ¥4x5 70 8x5x6 135
4 x3 x4 57 5x2 ¥ix4 67 8x5x5 130
4 x3 x3 50 5x2 14x3 60 " 8x5x4 125
4 x3 x24% 49 5x2 M4x2 34 58 8x4x8 150
6x6 x5 99
N 6x6 ' x4 96
6x6 x3Y 92

For dimensions, see page 166.
All weights listed are for fittings faced and drilled, based on minimum thick-
nesses and dimensions given in preceding tables, without allowances for variation.
Cast iron is assumed to weigh 0.26 pound per ¢cubi¢ inch.
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AMERICAN STANDARD FLANGED FITTINGS

Theoretical Weights in Pounds of American Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 125 Pounds per Square Inch

Table No. 67 (continued)

Reducing Teeés
Sizes Weight Sizes Weight Sizes Weight .

8x 4x 6 135 14x14x10 480 16x12x12 620

8x 4x 5 130 14x14x 8 460 16x12x10- - 590

8x 4x 4 125 14x12x14 510 16x12x 8 570

10x10x 8 250 14x12x12 490 16x10x16 650

10x10x 6 240 14x12x10 460 16x10x14 - 620

10x10x 5 230 14x12x 8 440 16x10x12 600

10x 8x10 260 14x10x14 490 16x10x10 570

10x 8x 8 240 14x10x12 470 -~ 16x10x 8 550

10x 8x 6 220 14x10x10 450 16x 8x16 640

10x 6x10 250 14x10x 8 420 16x 8x14 610

10x 6x 8 230 14x 8x14 480 16x 8x12 580

10x 6x 6 210 ‘14x 8x12 460 16x 8x10 560

12x12x10 360 14x 8x10 430 16x 8x 8 540

12x12x 8 340 14x 8x 8 410 18x18x16 © 860

12x12x 6. 320 16x16x14 670 18x18x14 | 820 -

12x10x12 370 16x16x12 650 18x18x12 *660

12x10x10 - 340 16x16x10 620 18x18x10 *640

12x10x & 320 16x16x 8 610 20x20x18 1060

12x10x 6 310 16x14x16 680 20x20x16 1040

12x 8x12 - 350 16x14x14 650 20x20x14 - *840

12x 8x10 330 16x14x12 630 20x20x12 *820

12x 8x 8 310 16x14x10 600 20x20x10 *700

12x 8x 6 300 16x14x 8 580 24x24x20 1640

12x 6x12 340 16x12x16 . 670 24x24x18 | 1600 °

12x 6x10 320 16x12x14 640 24x24x16 | *1170

12x 6x 8 300 . X 24x24x14 #1140 R
12x 6x 6 280 24x24x12 *1110 S
14x14x12 500 ) P

For dimensions, see page 166. :

All weights listed are for fittings faced and drilled, based on minimum. thick-
nesses and dimensions given in preceding tables, without allowances for variation,
Cast iron is assumed to weigh 0.26 pound per cubic inch.

*These sizes made in short body pattern only.
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.7 CAST IRON PIPE HANDBOOK

" Theoretical Weights in Pounds of American Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 125 Pounds per Square Inch

Table No. 68

Reducing Crosses

Sizes - - - Weight Sizes Weight

3 x3 x1uxly 36 : 12x12x% 8x 8 380

3 x3 x2. x2 40 12x12x10x10 420

3 x3 x24x2Y4 44 14x14x 8x 8 ) 500

.- 3%x 34%x2  x2 47 . 14x14x10x10 550

3 4x 314x%2 %4x2 14, 53 14x14x12x12 600

- 3%x 314x3 x3 57 16x16x 8x 8 650 .

4 . x4 X2 x2 59 16x16x10x10 690

- 4 x4 X2UX2Y . 64 16x16x12x12 740

o 4.x 4 x3 x3 68 16x16x14x14 790

-4 x4 x3ux3IY 74 *18x18x10x10 700

5. x5 x2Ux2Y% 78 - *{8x18x12x12 750

8 x5 x3 x3 82 18x18x14x14 930

.. 5 x5 x3¥4x3% 89 18x18x16x16 1000

i 5 x5 x4 x4 96 *20x20x10x10 860

;.6 x6 x3 x3 100 - #20x20x12x12 910

Y 6.x 6 x3Ux3Y 105 - *20x20x14x14 960

L 6.x6 x4 x4 115 20x20x16x16 1200

6 x6 X5 x5 120 N 20x20x18x18 1250

-8: x8 x4 x4 165 *24x24x%12x12 1210

8 x8 x5 x5 175 #24x%24x14x%14 1250

- 8 x 8 x6.%6 190 - %24x24x16x16 1310

110, x10 x5 x5 - 250 24x24x18x18 1810

k10 x10 x6 x6 270 24x24x20x20 1900

| 10 x10 x8 =x8 300 24x24x22x22 1980
[ 12.%x12 x6 x6 © 350

""" For dimensions, see page 166.
All weights listed are for fittings faced and drilled, based on minimum thick-

" 'nésses and dimensions given in preceding tables, without allowarices for variation. '
*.Cast ironi§;assumed to weigh 0.26 pound per cubic inch.

*These sizes made in short body pattern only.
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AMERICAN STANDARD FLANGED FITTINGS

Theoretlcal Welghts in Pounds of American Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 250 Pounds per Square Inch

L Table No. 69
. 90 Deg. .- Regular Cross
‘Nominal 90 45 Long Side and Single | and Side Laterals
Pipe Degree | Degree | Radius | Qutlet jand Double] Outlet (Not
Sizes | Elbow | Elbow | Elbow | Elbow |Sweep Tees| Tees |Ribbed)
1 9 7 10 13 14 18 15
134 11 10 13 17 18 23 20
114 16 15 18 24 25 32 30
2 20 18 23 30 32 41 37
2% 30 28 34 43 46 58 57
3 40 35 - 44 55 58 74 73
3% 49 44 55 71 76 94 91
4 63 58 72 94 99 130 120
5 87. 76 98 125 135 170 163
6 115 105 135 170 180 230 230
8 185 155 220 260 280 350 360
10 290 240 350 400 430 540 570
1 410 340 | 3510 560 620 770 820
14 O.D. 560 440 710 790 870 1090 1180
16 O.D. 750 620 960 1040 1150 1430 1610
18 0.D. 970 780 1260 1330 1490 1840 2100
20 O.D. 1220 960 1630 1670 1880 2320 2670
24 0.D 1840 1430 2470 2490 2800 3450 4020
30 O.D. 3120 2230 4290 4150 4740 5760

For dimensions, see page 167.

All weights listed are for fittings faced and drilled, based on minimum-thick- " |
nesses and dimensions given in preceding tables, without allowances for variation.
Cast iron is assumed to weigh 0.26 pound per cubic inch.

Weights of laterals do not include reinforcing ribs.
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CAST IRON PIPE HANDBOOK

Theoretical Weights in Pounds of Americali-Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 250 Pounds per Square Inch

Table No. 7,0

s Reducers ; Reducers
N%ri:g;xal Reducing and N%rim:al Reducing and |
Sizes Elbow 1I%ccl:iem:nc Sizpes Elbow ]f{ctaentnc
educers educers
3 x1}4 28 24 12x 8 300 250
3 x2 30 25 12x10 360 290
3 x2Y4 35 29 . 14x 8 390 320
3 14x2 35 29 14x10 440 360
3 1%x3 44 36 14x12 490 410
4 x2 43 36 16x 8 470 390
4 x24% 48 40 ~16x10 530 440
4 x3 52 44 16x12 600 490
4 x3y 56 48 16x14 670 550
5 x24% 60 50 18x10 650 520
5 x3 65 54 18x12 710 580
5 x4 78 63 18x14 790 640
6 x3 82 - 67 18x16 870 670
6 x3y4 : 89 71 20x12 840 660
6 x4 © 93 77 20x14 930 730
6 x5 100 85 20x16 1020 800
8 x4 130 105 20x18 1120 880
8 x5 : 140 115 24x12 1150 920
8 x6 155 : 130 24x16 1350 1070
10 x5 190 155 24x18 1460 1170
18 xg . %1118 igg 24x20 1590 1260
x - |
12 x6 280 220

For dimensions, see page 167.

All weights listed are for fittings faced and drilled, based on minimum thick-
nesses and dimensions in preceding tables, without allowances for variation. Cast
iron is assumed to weigh 0.26 pound per cubic inch.
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AMERICAN STANDARD FLANGED FITTINGS

Theoretical Weights in Pounds. of American Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 250 Pounds per Square Inch

Table No. 71

Nominal Lateral Reducmg Nominal Lateral Reducing
Pipe Out. Pipe utle
Sizes (Not Rlbbed) Sizes "I (Not Ribbed)

3 x3 x1y 58 12x12x 6 640
3 x3 x2 60 12x12x 8 690
3 x3 x2Yy 68 12x12x10 750
3%x 314x2 73 " 14x%14x 8 910
3¥x 34x21Y 80 14x14x10 980
34x 34%x3 85 14x14x12 1050
4 x4 x2 92 16x16x 8 - 1190
4 x4 x2Y4% 98 16x16x10 1270
4 x4 x3 105 16x16x12 1350
4 x4 x3Y% 110 16x16x14 1440
5 x5 x2Y4% 130 18x18x10 1580
5 x5 x3 135 18x18x12 1660
5 x5 x34% 140 18x18x14 1760
5 x5 x4 145 18x18x16 1870
6 x6 x3 180 20x20x10 #1620
6 x6 x34 185 20x20x12 2040
6 x6 x4 195 20x20x14 2140
6 x6 x5 . 210 20x20x16 2260 .
8 x8 x4 290 20x20x18 2390 !
8 x8 x5 - 300 24x24x12 *2470
8 x8 x6 . 320 24x24x14 3100
10 x10 x5 450 24x24x16 3200
10 x10 x6 470. 24x%24x18 3350
10 x10 x8 510 . 24x24x20 3520

For dimensions, see page 167.

All weiglyts listed are for fittings faced and drilled, based on minimum thick-
nesses and dimensions given in preceding tables, without allowances for variation.
Cast iron is assumed to weigh 0.26 pound per cubic inch.

Weights of laterals do not include reinforcing ribs.

*These sizes made in the short body pattern only.
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CAST IRON PIPE -HANDBOOK

Theoretical Weights in Pounds of American Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 250 Pounds per Square Inch

Table No. 72

Reducing Tees :
Nominal Nominal . Nominal
Pipe Sizes Weight . Pipe Sizes Weight Pipe Sizes Weight
3 x3 x24 58 4x3 x2 71 6x6x3 150
3 x3 x2 53 4x2 x4 86 6x5x6 © 175
3 x3 =x134 51 4x2 ¥%x3 76 6x5x5 160
3 x2%x3 58 4x2 15x2 Y% 72 6x5x4 155
3 x24x2Y 54 4x2 14x2 68 6x5x3 145
3 x24x2 50 4x2 x4 82 - 6x4x6 165
A 3 x2ux1Y 48 4x2 x3 72 6x4x5 155
N3 x2 x3 54 4x2 x214 68 6x4x4 145
3 x2-x2Y4 50 4x2 x2 64 6x4x3 135
3 x2 .x2 46 5x3 x4 125 6x3x6 155
4 3 x2 x134 44 5x5 x34% 120 . 6x3x5 145
3 x1%x3 52 5x5 x3 115 6x3x4 140
3 x1¥x2y% 48 5x5 x2Y% 110 6x3x3 125
3 x1¥x2 44 5x4 x5 125 8x8x6 260
3 x14¥%x1y 42 5x4 x4 120 8x8x5 240
11 3 14%x3 ¥4x3 72 5x4 x3 110 8x8x4 240
3ux34x2% 68 5x4 x2Y4 105 8x6x8 260
3 34x3 ¥4x2 63 - 5x3 x5 120 8x6x6 240
i 4 x4 x34% 93 5x3 x4 110 8x6x5 230
4 x4 x3 89 5x3 x3 100 © 8x6x4 220
4 x4 x24% 85 5x3 x214 95 8x5x8 250
4 x4 x2 . 80 5x2 14x5 115 8x5x6 230
4 x3 x4 90 5x2 24x4 105 . 8x5x5 . 215
4 x3 x3 80 5x2 14x3 96 8x5x4 210
4 x3 =234 76 5x2 4x2%% 92 8x4x8 240
6x6 x5 170.
6x6 x4 160
6x6 x3%4 150 .

For dimensions, see page 167\~. . .

All weights are for fittings faced and drilled, based on minimum thicknesses

and dimensions given in preceding tables, without allowances for variation. Cast
iron is assumed to weigh 0.26 pound pei'\%bic inch.

¢
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AMERICAN STANDARD FLANGED FITTINGS

Theoretical Weights in Pounds of American Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 250 Pounds per Square Inch

Table No. 72 (cohtinued)

Reducing Tees
Nominal X Nominal Nominal
Pipe Sizes | -Weight Pipe Sizes Weight Pipe Sizes Weight
8x 4x 6 220 14x14x10 770 16x12x12 950
8x 4x 5 210 14x14x 8 730 16x12x10 900
8x 4x 4 200 14x12x14 820 16x12x 8 860
10x10x 8 400 - 14x12x12 770 16x10x16 . 1030
10x10x 6 370 14x12x10 730 16x10x14 970
10x10x 5 360 14x12x 8 690 16x10x12 900
10x 8x10 400 14x10x14 790 16x10x10 870
10x 8x 8 360 14x10x12 730 16x10x 8 830
10x 8x 6 340 - 14x10x10 690 16x 8x16 1000
10x 6x10 380 14x10x 8 650 16x 8x14 940
10x 6x 8 350 14x 8x14 760 16x 8x12 890
10x 6x 6 320 14x 8x12 710 16x 8x10 850
12x12x10 570 14x 8x10 660 16x 8x 8 800
12x12x 8 540 14x 8x 8 630 18x18x16 1420
12x12x 6 510 16x16x14 1090 18x18x14 1360
12x10x12 570 16x16x12 1040 18x18x12 *1130
12x10x10 530 16x16x10 990 18x18x10 *1080
12x10x 8 500 16x16x 8 950 20x20x18 1800
12x10x 6 470 16x14x16 1100 20x20x16 1730
12x 8x12 560 16x14x14 1040 20x20x14 *1460
12x 8x10 510 © 16x14x12 990 20x20x12 *1410
.12x 8x 8 480 - 16x14x10 950 20x20x10 *1360
12x 8x 6 450 16x14x 8 910 24x24x20 2620
12x .6x12 540 16x12x16 1050 24x24x18 - | 2540
12x .6x10 500 | -16x12x14 . 1000 24x24x16 *2090.
12x 6x 8 460 24x24x14 *2030 -
12x 6x 6 440 R 24x24x12 *1970
14x14x12 820 ‘ .

For dimensions, see page 167. B

© All weights listed are for fittings faced and drilled, based on minimum thicks"

nesses and dimensions given in preceding tables, without allowances for vanatlon. .

Cast iron is assumed to weigh 0.26 pound per cubic inch.
#These sizes made in short body pattern only.
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CAST IRON PIPE HANDBOOK

Theoretical Weights in Pounds of A_mérican Standard
Flanged Fittings for Maximum Saturated Steam Pressure
of 250 Pounds per Square Inch ’

Table No. 73

Reducing Crosses

Nominal Pipe Sizes Weight Nominal Pipe Sizes Weight
3 x3 xt1yxtly ; © 59 ‘12x12x 8x 8 620
3 x3 x2 x2 ! 63 : -12x12x10x10 | . 690
3 x3 x2 %xZ% 172 ‘14x14x 8x 8 820
34x 34x2 x2 : 74 14x14x10x10 9200
3x 334x2 szy g 82 - 14x14x12x12 © 990
34x 3Vx3 x3 : 89 : 16x16x 8x 8 1040
4 x4 91 + 16x16x10x10 . 1120
4 x4 x2 %xz ¥ 100 16x16x12x12 1210
4 x4 x3 x3 : 110 16x16x14x14 - 1320
4 x4 x34x34% 115 18x18x10x10 *1210
5 x5 x2 sz / 125 - 18x18x12x12 #1320
5 3§ 135 18x18x14x14 1590
5-x5 »x3 Axs/ 145. 18x18x16x16 1710
5 x5 x4 x4 155 20x20x10x10 #1490
6 x6 x3.x3 ‘170 © 20x20x12x12 %1580
6 x 6 x34x3% 175 20x20x14x14 *1680
6 x6 x4 x4 : 190 20x20x16x16 2030
6 x6 x5 x5 200 20x20x18x18 2170
8 x8, x4 x4 270 24x24x12x12 *2150
8 x 8 x5 x5 : 280 24x%24x14x14 *2270
8.x8 x6 x6 310 24x24x16x16 #2380

10 x10- x5 x5 400 : 24x24x18x18 2920
10 -x10 %6 x6 420 .24x24x20x20 " - 3080

© 10 x10 x8 x8 470 24x24x22x22 3240

127 x12 %6 x6 570 '

‘For dimensions, see page 167,

All weights listed are for fittings faced and drilled, based on minimum thick-
nesses and dimensions given in preceding tables, without allowances for vanatlon.
Cast iron is assumed to.weigh 0.26 pound per cubic inch.

" #These sizes made in the short body pattern only.
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AMERICAN STANDARD FLANGED FITTINGS

Theoret1cal Welghts in Pounds of Amenca.n Standard
Flanged F1ttmgs for Maximum Saturated Steam Pressure
of 25 Pounds per Square Inch

RSN

 Nominal | 90 Des. | 4sDeg. | 90 Deg. - ‘
Pipe Elbow Elbow - Loxﬁll){ad!us Tees :

For dlmensxons see

Nore: All weights li e for fittin, edg faced and’ driliéd; ba
thlcknases ‘and dimensions given in ‘preceding’ " table-without® ailow
 -Cast iron is consxdered to welgh 0 26 pound per cublc mch. L

pon fainimuin |
for vanatmn
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-~ - CAST'IRON PIPE HANDBOOK .

Dimensions of Flanged Fittings 'fpr Water

L .
R'educer .

. »Bend (90°) 36 Bend (45°) }{¢ Bend (224°) 342 ‘Bend (1134°%) Y44 Bend (5 54°)
“Table No. 75

Al A .| <A AL we L | L

i 45°7 | 2234° | 1134° | 5354° Radius Short Long

Bends | Bends | Bends | Bends | 9¢° Bends | Pattern | Pattern
9.94 9.55/ ..... . 11 . .
9.941 955 ..... . 12 ‘16 26
9:94 | 9.55 | ..... | ..... 13 16 26
0.94 9.55 | ..... e 14 16 . 26
9.94 | 9:55 | ..... . 15 16 26
14.91 | 14.32 | ..ol |l 16 24 34
14.91 | 14.32 | oo | venne 17 24 34
.1 14,91 ) 1432 | ..... et 18 24 34
©119.88 | 19.10 [.23.64 | 23.57 19 30 40
24.85 | 23.87 | 23.64.| 23.57 21 30 40
24.85 | 23.87 | 23.64 | 23.57 . 34 (74
37.28 | 35.80 | 23.64 | 23.57 . 40 74
37.28 | 35.80 | 23.64 | 23.57 .. 40 74
37.28 |1 35.80 | 23.64 | 23.57 . 40 74
37.28 {-35.80.|:23:64 | 23.57 . .o
37.28 | 35.80.| 23.64 | 23.57 . .e .o

All dimensions in inches. [
i"." For standard flanges see page 147,
Fittings furnished with flanges faced plain-unless otherwise speclﬁed
Tees and crosses ribbed and bolted as necessary.
For bases see page 78.
For radii of bends see page 76. .
- Size of reducers, as well as tees and crosses 24 inches and under, given above
‘represents opening at large end, laying length remains the same for all reductions.
Radu and laymg lengths in accordance with A W. W. A. Specifications.
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FLANGED ‘FITTINGS FOR WATER

Dimensions of Flanged Fittings for Water

~ Table No. 76 Y Branch

Tee and Cross
Tees and Crosses 'V Branches Type 2
Size . A B || Size .| A . B Size A B
4 11.0 11.0 4 14.5 9.50 30x20 | 54.0 15.50
6 12.0 12.0 - 6x4 16.0 10.00 30x24 | 54.0 15.50
8 13.0 13.0 6 17.0 11.00 30 57.0 21.25
10- 14.0 14.0 8x4 1 18.0 12.00 .
12 15.0° 15.0 || 8x6 | 19.0 12.00 || 36x24 | 58.5 18.25
8 20.0 12.00 36x30.| 60.5 18.25
14 16.0° | 16.0 |- 36 64.5 22.50
16 . 17.0 17.0 10x6 21.0 13.50 . : .
18 18.0 18.0 10x8 - | 22.0 13.50 || 42x24 | 65.0 15.25
20 19.0 - 19.0 10 | 22.5 13.50. || 42x30 | 68.0 15.25
24 21.0 | 21.0 : R : 42x36 | 71.0 19.50.
: . 12x6 23.0 13.50 42 1| 74.0 23.75
30x12 19.5 24.0 i 12x8 25.5 13.50 . |
30x14 22.5 26.0 12x10.| 25.5 13.50 48x30 | 73.0 | 12.50
30x16 23.5 26.0 12 25.5 13.50 || 48x36 | 76.0 16.50 -
30x18 24.5 26.0 : . 48%42 | 79.0 20.75
30x20 | - 25.5 26.0 14x6 26.0 11.00 48 82.0 25.00
30x24 27.5 26.0 14x8 26.5 11.75
30 30.5 30.5 14x10 | 27.0 12.50
- 14x12 | 27.5 | '13.25
36x12 19.5 27.0 14 28.0 14.00
36x14 22.5 29.0°
36x16 23.5 29.0 16x8 | 27.0 15.50
36x18 24.5 29.0 16x10 | 29.0 15.50
36x20 25.5 29.0 16x12. | 31.0, 15.50
36x24 27.5 29.0 16x14 |'33.0 15.50
36x30° 30.5 33.5~ 16 35.0 15.50
36 33.5. 33.5. . .
o o] 18x10.| 36.0 16.00
42x12 20.0°.1" 30.0 18x12°| 36.0.] 16.00 -
42x14°| 23.0 32.0. 18x14| 36.0 16.00
42x16°| 24.0 ©32.07)| 18x16 | 38.0 16.00
42x18 25.0. 32.0 18 38.0 16.00
42x20°| 26.0.. | 32.00: |17 . :
42x24 28.0 ° 32.0; 20x12 | 41.0 16.75
42x30 31.0.. 36.5 20x14 | 41.0 16.75
42x36° 34.0 36.5 | 20x16 | 41.0 16.75
42 37.0 37.0 20x18 | 41.0 16.75
| . o 20 41.0 16.75
T 48x16 24.0 35.0 ||
48x18 25.0 35.0 |]"24x16" ;| 44.0 10.75
48x20 26.0 35.0 24x18 | 44.0 | '16.75
48x24 ... 28.0. 35.0. || 24x20 | 44.0 16.75
11-48%30 | ~31.0° " 39.5 .24 1746.0 17.75
48x36 34.0 39.5 : Ho b
48x42 37.0 40.0
48 40.0 40.0

See notes on previous page.
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CAST IRON PIPE HANDBOOK
Weights of Flanged Bends for Water
Table No. 77
o wo | e | sse [TongRad
. . 90° 45 22 11 Long Radius
Size ~ Class Bends | Bends Bends Ben::ls Bends | 90° Bends
4 D .58 e . 61
6 D 84 N . 90
8 D 125 P . 140
10’ ‘D 172 .. .. 202
12 D 238 . “en 285
14 B 363 . cees 319
14 D 420 ces cenn 377
16 B 444 .. RPN 416
16 - D 526 . e 490
18 . B 515 . 505
18 D 611 e . 601
20 B 712 841 841 631
20 D 853 1021 1021 T 749
24 B 1127 1131 1131 912
; 24 D 1377 1376 1376 1090
30 A 1473 1450 1450 e
30 B 1641 1641 1641 e
30 (o] 1833 1830 1830 cees
30 D 2026 2019 2019 PPN
36 A 2752 2044 2044 ceee
36 B 3179 2258 2258 e
36 - C 3512 2538 2538 .
36 D '3971 2824 2824 vees
42 A 3640 2724 2724 ceen
42 B 4067 3017 3017 cees
42 C 4675 3375 3375 cees
42 D 5263 3753 3753 ceee
48 A 4692 3497 3497 ene
48 B 5127 3787 3757
48 [ 5918 4268 4268 ceen
48 D 6612 4702 4702 cene
54 A 5802 4362 ° 4362 cenn
54 B 6334 | 4694 | 4694 ceee
54 C 7561 5514 5514 eee
54 D 8563 6146 6146 chee
i 60 A 7006 5372 5372 caes
# 60 B 7937 5956 5956 oo
f 60 C 8965 6691 6691 veae
- 60 D 10382 ‘7514 7514 seas
Weights given in pounds. All weights approximate.
For dimensions, see page 186. i
For standard flanges, see page 147.
- For standard bases, see page 78. . -
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FLANGED FITTINGS FOR WATER
Weights of Flanged Tees, Crosses and Y-Branches for Water
Table No. 78
X Y- . V- -
Size [Class| Tees |Crosses| Branches||  Size [Class| Tees |Crosses| Branches ||
3 . ee 68 18x4 B 593 620 .
4 D 89 115 117 18x4 D 707 7331 .....
6x4 D 126 152 164 18x6 B 607 647 | .....
6 D 139 179 185 18x6 D 725 770 .
18x8 B 624 681
- 18x8 D 743 805
8x4 D 183 210 228 18x10 B 640 713
8x6 D 196 237 259 18x10 D 767 853
8 D 215 | 276 293 18x12 B 668 770
18x12 D 782 884
18x14 .| B 685 804
10x4 D 253 280 . 18x14 D 816 952 4
10x6 D 272 306 367 18x16 B 730 893
10x8 D 284 341 406 18x16 D 8501 1019
10 D 303 396 453 18 B 741 913
18 D .| 81 1061
12x4 D 351 | 378 e 20x6 B 756 796
12x6 D 365 404 530 120x6 D 902 947
12x8 D 382 439 590 20x8 B 773 830
12x10 D 398 494 628 20x8 D 919 | . 981
12 D 426 557 677 20x10 B 789 862
20x10 D 944 | 1030
20x12 B 821 927
14x4 B 396 422 e 20x12 D 993 | 1129
14x4 D 456 483 . 20x14 B 842 963
14x6 B 409 | 449 584 || 20x14 | D | 1028 | 1199
14x6 D 470 510 837 20x16 B 879 | 1042
14x8 B 426 483 634 20x16 D 1056 | 1255
14x8 D 487 544 882 20x18 B 896 | 1068
14x10 B 454 538 685 20x18 D 1081 { 1303
14x10 D 512 596 937 20 B 936 | 1156
14x12 B 485 601 741 20 D 1110 | 1363
14x12 D 544 659 1003
14 B 498 627 773 24x6 B 1074 | 1114
14 D 573 717 1069 24x6 D 1301 1346
; 24x8 B 1092 | 1149
24x8 D 13181 1380
16x4 B 508 | 535 24x10 | B | 1108} 1181
16x4 D 580 606 24x10 D 1342 | 1428
16x6 B 522 | - 562 24x12 B 1140 | 1246
16x6 D 597 637 24x12 D 1391 | 1527
16x8 B 539 596 24x14 B | 1163 | 1291
16x8 D 616 678 24x14 D 1427 | 1597
16x10 | B 555 | 628 24x16 | B | 1198 | 1361
16x10 | D 640 | 726 24x16 | D | 1453 | 1652
16x12 B 583 685 24x18 | B 1211 1387
16x12 D 672 788 24x18 D 1574 | 1859
16x14 B [ 596 730 24x20 B 1257 | 1479
16x14 D 700 845 24x20 D 1631 | 1971
16 B 628 | 789 24 . B 1335 | 1635
16 D 737 916 24 D 1744 |1 2189
Weights given in pounds. All weights approximate.
For-dimensions see page 187. .
For standard flanges see page 147. ° For standard bases see page 78. i
- i




.CAST IRON PIPE-HANDBOOK

We1ghts of F langed Tees, Crosses and Y- Branches for Water

Table No. 78 (contmued)

L ‘ . v - . R I
Size |Class| Tees Crosses| Branches|| Size |Class| Tees C?oss_es Branches
A | 1410 | 1526 36x18 | A 1 2309 | 2513
B | 1546'| 1661 36x18 | B | 2483 | 2688
c | 1701 | 1817 36x18 | C | 2851 | 3088
D | 1857 | 1973 36x18 | D | 3395|3795
A | 1572 | 1717 36x20 | A | 2413 | 2663
B | 1731] 1876 36x20 | B | 2642 | 2892
C | 1933 | 2098 36x20 | C | 3160 | 3585
D |-2264 | 2532 36x20.| D | 3553 | 4013
A | 1650 | 1828 36x24 | A | 2621 | 2957
B {1816 | 1994 36x24| B | 2860 | 3205
C. | 2035 |- 2239. 36x24 | C | 3466 | 4006
D | 2383 | 2710 36x24 | D | 3961 | 4603
A 1720 | 1924 | “..... || 36x30 7 A- | 3021 3580
B | 1805 | 2008 | . .70 |[36x30 | B'.| 3544 | 4288
C | 2127|2363 | o ... 36x30 | C [ 4036 | 4883
D | 2502 | 2852 il 36x30 | D° | 4674 | 5712
A | 1809 | 2059 | - 3083 36 | A |:3426 | 4200
B |:1992 | 2241 3506 36.. | B. | 4003 | 4995
C | 2386 | 2773 | 4059 36 C | 4596 | 5741
D-| 2640 3061 | 4381 36 D | 5379 | 6796
A | 1985 | 2322'| - 3552 |[ 42512 | A | 2564 [ 2680
B. | 2183 | 2510.| 4280 | 42x12 | B .| 2792 | 2907
C . |2627 | 3130 | © 4660 || 42x12 | C | 3113 | 3229
D | 2899 | 3434 | ' 5144 | 42x12 | D: | 3417 | 3533
A | 2341 | 2899 | - 3024 |[42x14 | A | 2826 | 2971
B | 2614 | 3223 | 4810 || 42xi4 | B | 3002 | 3236
C | 3110 3923 | 4319 |l 42x14 | C | 3491 |- 3655
D [ 3500 | 4422 | 6045 | 42x14 | D | 4135 | 4500
A 1921 ) 2087 | ..., 42x16'| A | 2936 | 3115
B | 2000 2206{ ....0 42x16 | B | 3216 | 3394
C | 2315 | 2431 | . 42x16 | C | 3640 | 3844
D | 2551 | 2667 | .. 42x16 | D | 4328 | 4752
A {2130 | 2275 ) Lol (lazxis| A | 3041 | 3245
B: | 2328 | 2473 | .. 42x18 | B | 3332 | 3537
C {2613 | 2778 | .. :42%18 | C | 4000 | 4389
D- | 3095 | 3403 [ .. [42x18 | D | 4500 | 4966
1 a | 2223 |- 2401 .. |l42x20| A | 3162 | 3412
B- | 2482 |- 2610 o]l a2x20 | B | 3468 3717
C. | 2736 2040:| ..i. |[42x20 | C. | 4179 | 4633
D [3252 3615| 1..10 |l42x20 | Dy 4700 | 5231
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FLANGED FITTINGS FOR WATER'

: We1ghts of F langed Tees, Crosses and. Y Branches for Water |

Table No. 78 (contmued)

: : P A i Lo v
Size ‘| Class| Tees |Crosses| Branches|| Size |Class| Tees Crosses| Branches
42x24 | A | 3404 | 3741 | © 5909 | 48x20 | A | 3998 | 4247
42x24 | B | 3735 | 2072 | . 5645 || 48x20 | B | 4307 | 4556
42x24 | C |.454¢ | 5130 | * 8004 || 48x20 | C | 5239 | 5762 | .l .-
42x24 | D | 5163 | 5870.| ; 8735 || 48x20 | D | 5840 | 6437 | .....
42x30 | A | 3858 | aars | @ 6305 .| asxza | A | 4287 | 4624
42x30| B | 4501 | 5266 7646 || 48x24 | B | 4858 | 5357
42x30 | C | 5295 | 6260 | ~ 8501 |f 48x24 | C | 5650 | 6299
42x30 | D | 5999 | 7127 | - 9638 || 48x24 | D | 6407 | 7211
42x36 | A | 4315 | 5008 | , 8687 || 48x30 | A | 4814 | 5372
42%36 | B |-5037 | 6058 8825 |l 48x30 | B | 5507 | 6304
42x36 | C |'5989 | 7201 | 10216 | 48x30 | C | 6505 | 7541
42x36 | D | 6783 | 8280 | 11587 || 48x30 | D | 7356 | 8588
4 A | 4834 | 5903 | - 8631 | 48x36 | A | 5343 | 6126
12 B | 5673 | 7042 | 10196 || 48x36 | B | 6232 | 7366
12 C | 6816 | 8569 | 12967 || 48x36 | C | 7263 | 8618
42 D 1| 7687 | 9664 | 15512 || 48x36 | D | 8202 | 9778
48x16- A | '37247[ 3903 | ...... 48x42 | A | 5934 | 7003
48%16°| *B | 4006 | 4185 | : ... . 48x42 | B | 7031 | 8577
48%16°| C . |'4831° 5236 | ... 48x42 | C | 8083 | 9825
48x16'| D "[:5383°| 5861 | ..... 48x42 | D | 9211 (11268
a8x18 | A |-3851 luose| ... is | A | 6336 | 7903
48x18 | B |'4148 | 4352 48 B | 7844 | 9807
48%18 | C .|-5018 | 5466 | ' ..... 48 ¢ | 9009 [11206
48x18 | D | 5600 | 6127 | .. ... 48 D (10223 {12759

See notes on page 189.
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CAST IRON PIPE HANDBOOK
Weights of Flanged Reducers for Water—Table No. 79
N Reducers | Reducers Reducers | Reducers
Size | Class Long Short Size | Class Long Short
Pattern Pattern Pattern Pattern
6x4 D 89 68 T80x18 | A 1545 863
8x4 D 113 81 30x18 | B 1672 923
toxs | D | 14 0 | 30x8] 5| 67 | 1%6s
X 43 4 X 2
10x6 | D 162 | 117 30x20 | A 1637 923
10x8. | D 186 135 30x20 | B | 1755 973
{zx‘é B 183 123 30x20 | C 2072 1109
1%;8 B %gé o igg 30x20| D 2233 1175
12x10 D 257 188 30x24 A 1844 1034
L4x6 30x24 { B 1980 1095
14x8 ‘% 254 201 30x24 | C 2340 1250
14x¢ D %gg %;g 30x24| D 2498 1305
14x8 D 319 243 36x20 | A 2023 1288
'14x10 B 325 256 36x20 B 2190 1374
14x10 D 360 276 36x20 C 2573 1567
14x12 B 371 203 36x20 D 2814 1690
14x12 | D - 408 314 ggxzi % %ﬁgé 1416
. . x2 1503
jx6 | B 300 234 || sex2e | C 2834 1726
16x8 B- 330 259 36x24 D 3088 1853
16x8 D 376 284 36x30 | A 2459 1574
16x10 | B 370 290 36x30'| B 2765 1731
lan | B | 48 e || 30| 5 | BT | 189
x1: 418 328 X
i6x12 | D | - 464 354 42x20 | A 2489 1597
16x14 | B 426 340 42x20 | B 2704 1709
l6xisa | D 508 390 42x20 [ C 3180 1945
igxg 11% 36.; gzlzg 42x20 | D 3480 2095
X 41 42x24 | A 2694 1726
18x10 | B 409 318 [ 42x24 | B 2064 1862
18x10.| D . 457 348 42x24 | C 3444 2104
}gﬂ% g §(5)§ ggg 42x24 | D 3754 2254
18x14 B 461 367 42x30 A 3018 1883
18x14 D 548" 424 1| 42x30 B 3276 . 2134
18x16 B 510 404 42%30 C 3760 2305
18%16 D 603 467 42x%30 D 4219 2537
20x10 | B 525 422 42x36 | A 3506 2139
42x36 | B 3701 2341
2001 D 4 8. || 42x36 | C 4258 2618
20x12 D © 652 524 42x36 D 4798 2893
20x14 { B. 585 485 48x30 | A 3462 2230
20x14 | D 700 559 48x30 | B 3829 2414
20x16 | B 636 521 48x30 | C 4399 2703
28x1g lg ;g% gég 48x30 [ D 4918 2924
20x1 : 48x36 | A 3858 2488
20x18 | D 812 657 48x36 | B 4256 2589
24x14'| B 717 582 48x36 | C 4898 3013
Zixié- ) lg : %z 2;3' 48x36 | D 5507 3342
24x 8 |
2axi6l B Te8 g23 48x42 g 4305 2794
48x42 4756 2923
24x18 | B 810 655 48%42 | C 5492 3388
uxis| D aos s 48x42 | D 6157 3722
24x20:] D 1049 841
' Weights given in pounds. Al ‘weights approximate. For dimeﬁsions see page 186.
For standard flanges see page 147."
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 SPECIAL FITTINGS

Spigot Piece ”
i —
ange, Flange
and Bell Tee
' Standard > '

Comparison Between Special Bell and Spigot and F. lé,nged
Fittings and Combination of Standard Fi 1ttmgs

SPECIAL FITTINGS STANDARD FITTINGS
~€— Special
Bell, Spigot and
Flange Tee

Standard >

Bell and
Spigot Tee
Flange and

Flanged Tee
Flange and
Bell Piece

-€— Special |
Bell'and
Flange Bend

" Standard —»-
Double Bell Bend h
Flange and
Spigot Piece

-¢— Special . . £
Flange and - :
Spigot Bend

Standard . —>»
Flanged Bend - .
Flange and .
prgot Piece '

The illustrations on the left hand side ‘of this page indicate typlcal ﬂttmgs that
are often required with a combination of bell, spigot, and flange outlets. The
laying dimensions of these fittings are not covered by any standard and they are
therefore usually named “‘Special” inasmuch as they are made to order to suit
certain conditions in piping installations.

On the right hand side and opposite each “Special” fitting is shown a combma-
tion of Standard fittings that can be used to obtain the same outlet effects as the
specials. ' The laying dimensions may not be mterchangeable since the dimensions
]of l;h}el Standard fittings are fixed whereas the Specxals can be made to any desired
engths,

‘The use of standard fittings wherever posstble is always recommeftded as: the most
eéconornical and such fittings can usually be shipped out of stock. In‘'séndinginquiries
for fittings of dimensions deviating from the standard, state specifically ‘the type

of outlets wanted, reading, size, etc., as shown on page. 47. and give exact dimen-

sion from center line to outlet. N
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Dimeénsions and Weights of

Standard Flange and Bell,

Flange and Spigot and
Flange and Flare Fittings

Table No: 80

Flange and Bell

Flange and Spigot

Flange and Flare

For dxmensxons of Bells,
Dimensions in inches.

see page 66.

Weights given in pounds. All weights approximate.
The above are standard lengths; other lengths can be furmshed.

American Standard Flange and | Flange and Flange and
Flanges and Drilling Thic]fmess (;;tside Bell Spigot Flare
. Size| Diam-| . oo . Class o lam. .
i S "Zleter of Eehs]scgg 1 %‘gﬁl- bNe‘i'“gf- S(‘ée B%‘ily B%‘?V L |Approx.| ; lApprox.| p |y ADD_rolic.
Flanee Fange | Circle| Boits | Bolts Weight Weight Weight

1Y% % [ 4 8 D .48 3.96 10 42 16 30 6 8 25
9 B 149 8 . % D .52 5.00 10 65 16 46 6 8 42
11 1 914 8 % D .55 7.10 10 920 16 68 6 57
133 114 1134 8 % D .60 9.30 10 110 16 98 81 10 94
16 1% 143 12 7% D .68 11.40 10 172 18 150 10 | 10 | - 126
19 1Y 17 12 % D | 75 13.50 10 230 18 205 12 | 12 196
21 134 1834 12 1 B .66 15.30 10 254 18 228 14 | 12 204
21 136 .| 1834 12 1 D 82 15.65 10 290 18 268 .. ce
234 1%, 21y 16 1 B .70 17.40 10 330 20 305 16 | 16 280
23Y 1% 21y 16 1 D .89 17.80 10 375 20 348 .. oe
25 1% 223 16 1% B .75 19.50 10 384 20 352 8 { 16 345
25 1% | 22% 16 114 D .96 19.92 10 438 20 406 .. .. c..
27% 1% 25 20 134 B .80 21.60 10 462 24 458 20 | 18 440
27% 13¢ 25 - 20 114 D 1.03 22.06 10 535 24 532- e .. vee
32 1% 2931 20 1y B .89 25.80 10 630 24 628 24 | 181 600
-32 1.% 29% 20 1Y% D 1.16 26.32 10 740 24 738 .. .. e
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Dimensions and Weights of Standard Wall Castings
P » R
A
i :
i
-—30"—— . -
Bell and Bell Bell and Flange Flange and Flange
" ‘Table No. 81
‘American Standard Flanges and Drilling - Approximate Weights
. |Diameter - ; Thick-|{ Qutside
Size| - of Thick-" [Diameter] Num- | Size | cagg|ness of| Diam. Bell Bell Flange One One

- - Flange | ness.of Bolt | berof| of Body | - Body and and and Bell | Flange

< ‘B" , | -Flange | Circles | Bolts | Bolts : “t’ F Bell Flange Flange )

o 3 1% 3 6 1 56| D | .48 | 3.96 85 |~ a2 | 59 193 6.2
4 9 Y% 7% 8 % D .52 5.00 113 101 22.9 10.7
-6 11 1. 914 8 A D 55 7.10 168 149 131 32.9 14.4
o8 13% 114 1134 8 3% D 60 9.30 253 223 195 51.6 22.0
10 16. 13¢ 1434 12 % D 68 11.40 339 305 270 65.4 30.6

12 |- 19 1y 17 -1 12 % D 75 13.50 450 410 371 85.1 45.6
14 21 136 1834 12 i 1 B 66 15.30 470 440 411 87.8 58.1
c14 21 134 1834 12 1 D .82 15.65 544 504 463 95.8 55.1
16 231 17 21% 16 1 B W70 | 17.40 587 547 506 1141 73.2
.16 | 23% 1% 213 - 16 ) D .89 °| 17.80 694 635 576 128.1 69.1
18 |- 25 1% 223 16 118 B 75 19.50 691 635 578 134.5 78.1
18 | 25 1% | 22% 16 114 D .96 19:92 823 744 664 152.5 72.8
20 | 274 1% 25 . 20 1% ([ B 8 21.60 823 765 707 158.2 99.8
20 |,727% 13¢ 5 20 1% D 1.03 | 22.06 1002 905 809 189.2 92.9
24 |+ 32 1% 293 20 14 B 89 | 25.80 1084 1019 954 202.0 | 137.0
24 | 32 1% 29% 1 .20 1Y D 1.16 | 26.32 1348 1222 1096 253.0 | 127.0
For dimensions of ‘Bells, see page 66.
Dimensions in inches, - )
Weights given in pounds. All weights approximate.
The above.are standard lengths; other lengths can be furnished.
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Laying Cast Iron Pipe under City Streets - -




PIPE LAYING

SECTION 10
PIPE LAYING

F\HERE seems to have been a tendency in the past to
use less care in the laying of underground pipe lines
than is ordinarily exercised in the construction of any

other engineering structure.” The reason probably was
the fact that even though haphazard methods were used
the failures were either not blamed on these methods or
were so rare as not to be considered of great importance.
Modern practice is along different lines and the tendency
is to put more care into installing mains and in this way
insure continuity of service and lower maintenance cost
and to reduce the danger of damage from breaks. This step
is consistent with the care taken by the pipe manufac-

‘turers in the making of pipe. There have been innumer-

able cases where the blame for a break was laid on the pipe;
only upon investigation to find that the fault lay either
with the way the pipe was handled after delivery or with
some fault in the laying. In order to promote better pipe
construction, an effort will be made to outline here the
principal points of pipe laying with the hope that their
adoption will eliminate some of the faults that have been
relatively common heretofore. _ ‘
Unloading Pipe. From the time the pipe is shaken out
of the molds until it is loaded on the cars, the manufacturer
exercises care to avoid injury to his product and each car-
load of pipe is inspected before leaving the foundry to
determine whether or not any damage has been caused by
rough handling during the loading process. Effort is also
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made to load cars so that damage in transit will be reduced
to a minimum. - Damage due to rough handling of trains
will occasionally occur and the buyer of pipe should inspect
each length of pipe for cracks upon removing it from the
cars and damaged pipe should be noted on the bill-of-
lading and immediately called to the attention of the
railroad agent to insure proper adjustment with the rail-
road company. In unloading the cars and in all subse-
quent handling of pipe, care should be exercised so that
at no time will the pipe be dropped great distances or on

Unloading Pipe from Truck with Skids

hard ground. It is preferable to -so arrange handling
equipment that pipe is either unloaded by derrick or rolled
off on skids. '

Dropping pipe from trucks or cars to pavements is fool-
hardy, saves little time and is liable to cause damage that
may not appear until after the pipe is installed in the line,




PIPE LAVING

‘Delivering Pipe on Ground. ~In delivering pipe, economy
requires that pipe of large diameters, particularly, be
strung along the line with Bells facing the direction in
which work is to proceed.. Furthermore, the pipe
should be so strung that each piece lies opposite its place
in the ditch in order to avoid unnecessary handling.

When feasible, the pipe should be placed as close to the
ditch as possible and on the side away from the dirt pile.
Traffic conditions, digging machine operations and other

Pipe Improperly Unloaded

considerations will affect this procedure, but the general
rule is to string the pipe in such a way as to cut down
handling to a minimum and at the same time cause the
least interference with traffic and reduce the danger of
damage to the pipe from passing vehicles. Where
Traveling Cranes are used for installing the pipe, it is
sometimes possible to string the pipe on the same side of -
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- the ditch as the dirt pile or occasionally on the opposite
side of the street when the boom is long enough to pick the
pipe up from these locations.

*Excavation. The width .of ditch for various sizes of
pipe is determined more by the ability to properly back-
fill than by any other consideration. = It is conceivable to
lay a 36-inch pipe, for instance, in a trench 48 iriches wide

Pxpe Strung Along Street Ready for Laymg

dug in clay, but 1t Would be a physical impossibility to
properly back-fill under the pipe with the small clearance
that would be available. On the other hand, a ditch dug in
sand where flooding can be adopted in back-filling, can be -
much narrower than where tamping of fill is necessary. A
fair average width of trench for varlous sizes of pipe is
shown in the followmg ta.ble'

Plpe Sizes Trench Widths Pipe Sizes Trench Widths
Inches : Inches - - Inches Inches
6 S 19 » 30 a5 ¥

8 22 My 36 .51 :«.
10 24 42 58

12 26 ° 1 . 48" 64 W .
14 : 28 14 54 70 &
16 .30 60 . 76 2
18 33 b 72 . 89 ¢
20 - 35 ¥ 84 101 7
24 40 th : .
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Pipe in the Trench Ready for Backﬁiling

201




CAST IRON PIPE HANDBOOK

The depth of trench in the case of water pipe of small
diameter must be at least sufficient to bring the pipe
below the maximum depth of frost.- In the case of larger
pipes, the minimum depth may be such that the bottom
half of the pipe is always below frost. ~ Large mains laid
in heavy traffic streets, under railroad crossings, or in any
place where shock might be transmitted to the pipe,
should be laid deeper than theé minimum requirements
mentioned above. In some cases a minimum cover of 5
feet is required on mains of even the largest diameter in
order to provide a cushion over the pipe to absorb shocks
due to traffic.

" At each joint a bell hole should be dug so as to make
proper calking as easy as possible. The digging of bell-
holes of such a size that the calker is unable to properly
swing his calking hammer is poor economy. Proper care
in bell-hole digging is a great help toward tight joints.
" The diagram opposite shows the proper dimensions for
bell-holes. :

- In the case of rock excavation the only extra precaution
necessary is to see that the rock is removed in such a way
that at no place does it come closer than 6 inches to the
finished pipe line. Failure to do this may result in pipe
resting on a point of rock, a condition which is very liable
to cause a break. In rock excavation the ditch should not
be back-filled with the broken rock, but sand, clay or loam
should be used, sand being preferable. In case sand is

- difficult to procure, at least that part of the ditch up to
6 inches above the pipe should be filled with loose material
properly tamped, and the remamder of the trench may be
fllled with the broken rock.

"Pipe’ lmes should be carried around underground\
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Dimengion “A"” varies from 6 inches to 10 inches, depending on kind of
soil, calking material used and method of calking (hand or air). Insmaller
sizes of pipe bell holes may not extend to the surface of the ground in stiff
ixlx]ater.ial but may be dished out for about a foot and a half above the top of

e pipe. .

obstructions, such as sewers, conduits, other pipe-lines,
subways and such like, using special castings if necessary.
Care should be taken here as in the case of rock excava-
tion to see to it that the pipe line does not rest on any
unyielding structure and also that it is not called upon to
support -another structure by having it rest on the pipe.

The bottom of the trench should be made to conform to
the grade to which the pipe is to be laid.  Blocks should be
placed immediately behind- the bell and about two feet
from the spigot. These blocks should be laid on undis-
turbed earth and set in slots in the bottom of the trench
so that they project about 34 of an inch above the trench
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bottom. Where blocks are set in slots, care should be:
taken that the slot is not concave as in this case the middle
portion of the block will be unsupported and the benefit
to be derived by blocking is lost. They should be set so
that they have bearing over the entire surface.

The primary purpose of blocking is to support and level
the pipe during construction and while the earth in the

An Intricate Installation of Gas and Water Lines

ditch is settling, Itslength and thickness depends on the
nature of the soil and size of the pipe.: In general, the
following sizes of blocking will be foupd satisfactory:

BLOCKING
Pipe Sizes Length Thickness
Inches - Inches Inches
16 to 24... 24 2
30 2
48 3
60 3
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Cast Iron Pipe should be lowered into the trench with
ropes and not -dropped in from the bank. Small sizes
up to 12-inch may be lowered by taking a turn of rope
around each end of the pipe, standing on one end of
each rope and paying out the other until the pipe rests
on the bottom of the trench.

Lowering Small Pipe Into Trench by Hand

Larger sizes are best handled by means of derricks.
These may be of the three-legged ditch type, Gantry type
or Traveling Cranes. The use of a Traveling Crane simplifies
construction in that it makes it possible to pick pipe
directly from the trucks, from opposite sides of the road-
way or to lift them over the dirt pile. It also makes it
unnecessary to string the pipe with Bells all in one direc-
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tion as they can easily be turned when being lifted by the
derrick. . :

Before entenng the Spigot into the Bell of the pipe
already laid; the first strands of yarn are held in place on
the Spigot end of the pipe by the yarner or yarners. This
yarn enters with the Spigot end and centers it in the Bell.
This is important, and if by chance when the derrick

Tripod for Lowering Large Pipe into Trench

~ “slacks off” on the pipe the joint space on the bottom is

_smaller than on the top, the pipe should again be raised
~either by the derrick or by means of Wedges and additional
_yarn dnven into the lower part of the Bell. -

Yarning. Each strand of yarn should be cut somewhat
Klong_er than' t_he circumference of the pipe so that the ends
-will overlap and the overlapped ends of successive strands
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. Special Gantry Crane for Laying Large Pipe

should- be Stagééred. The separate strands should be
driven home with the yarning iron and hammers and when
the last one is in place, all strands should be thoroughly

compacted This is essential to a good joint as the yarn
forms the compress1ble gasket that msures tlght joints.

" Handling:Cast Iron Pipe with'a.Steam Shovel -
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Sufficient yarn should be used to fill a joint up to within
2 inches of the face of the Bell.

- Making the Joint. The most common type of joint is
made with Cast Lead, but joints using lead wool, cement
and patent jointing compounds .are used to a consider-
able extent. Plain end pipe with bronze welded joints or
couplings is occasionally used, especially for the distribu-
tion of high pressure gas.

LEAD JOINTS

Approximate Pounds of Approximate Pounds of
Lead .per Joint 2 in. Thick Hemp per Joint
Size of . -
Pipe
: Water Gas Water Gas
3 600 | ...... 18
4 » 7.50 8.14 21 23
6 10.25 11.31 31 34
8 13.25 14.56 44 49
10 16.00 17.67 53 59
12 19.00 20.85 61 67
14 22.00 T 81
16 30.00 - 27.20 94 1.03
- 18 33.80 - 1.00
20 37,00 41.28 1.25 1.39
24 44.00 49.07 1.50 1.67
30 54.25 60.06 2.06, 2.28
36 . 64.75 71.57 3.00 3.32
42 | 75.25 83.13 3.62 4.00
48 85.50 102.63 4.37 5.20
‘ 54 97.60 | ...... 6.25
60 108.30 | ....... 8.25
72 146.00 . | ...... 12.50
84 170.00 | ...... 15.00

Lead Joinis. - After the joint is yarned, the lead runner
is put in place on the joint so that it fits tightly against the
face of the Bell and the outside of the pipe. Clay should
be used whenever necessary to make a tight joint between
‘runner and pipe. - The pouring gate should be built up
with clay to a point at least 1 inch above the top of the
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joint space. All joints should be poured from one ladle
full of lead, or when more than one is used, no time should
be allowed to elapse between pouring successive ladles.
In the case of joints on pipe above 48 inches in diameter
it is sometimes necessary to pour the joint in halves.
When this is done, the runner is placed around the bottom
half of the joint with a pouring gate on each side a little
more than half way up on the pipe. Lead is then poured
into both gates until it has reached a point just below the
midpoint of the pipe. The bottom of the ruriner remains

Pouring a Lead Joint, Showing Runner in Place

in place and the upper, ends are then placed over the top
half of the pipe and a pouring gate built up at the extreme
top as in pouring ordinary joints. The remainder of the
joint is then poured in the usual manner. In extreme cold
weather it sometimes becomes necessary to heat the joints
of large size pipe to avoid “misses.” As soon as the joint
has cooled, the runner is removed and the joint is ready

~ for calking.

The best practice in calking joints requires that each
calking tool be used from the smallest-to the largest that
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Calking Tools

‘Regular pattern hand calking iron, 34-inch thick at point
Regular pattern hand calking iron, $4-inch thick at point
34-inch cold chisel ) ’

-Lead cutting chisel, 3 inches wide at point
Pipe cutting chisel, with handle
3 %4-pound calking hammer, with handle . -

. Regular pattern yarning iron, }-inch thick at point -
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will fit in the Jomt space and that the Jomt be calked com-
pletely around with. each tool. Thls ‘requires more work
than would be necessary if only the larger tools were. used
but the joint that results is worth the additional effort, On’
large jobs the use of pneumatic calking hammers is recom=
mended They result in better calking and cut down the .

Pneumatxc Calkmg thh Lead Wool

cost of the Work Excesswe calkmg should be av01ded to

prevent sphttmg bells of-pipe.. - -

Lead Wool. Lead wool:is ordinary lead made into a
shredded form and is furnished in the shape of loosely
made rope. In making lead wool: joints, the yarning is
handled in the same manner as in cast lead joints, except
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that the joint is yarned to within 134 inches to 134 inches
of the face of the Bell. The lead wool is then placed in
~ the joint, one strand at a time and each strand calked
before inserting the next one. Each tool in the set should
be used on each strand. The finished joint should be
flush with the face of the Bell. This type of joint is more
expensive than cast lead because of the higher cost of the
material and because of the greater amount of labor
necessary in calking. Its advantages are: That it can be
made under water if necessary and it is claimed that it
makes a tighter joint, particularly for gas mains.

. Lead Wool and Cement. For medium gas préssures a
combination’ cement and lead joint is sometimes. used.:
This joint consists of layers of both cement and lead wool

- Combination Lead and Cement Joint .

as shown in the above sketch. This forms a remark-
ably tight joint which offers con31derable re51stance to
any tendeiicy to blow out. »

Lead Alloys. In some cases, where extremely high
pressures are to be used, lead alloys have been used in
place of commercial lead. The purpose in using an alloy
is to get a material that is harder and consequently less
liable to “flow” or flatten out if the pressure tends to blow.
the lead out of the joint. The City of Boston, after
experimenting with different alloys for use in its high
pressure fire fighting system, adopted one consisting of

96%lead, 2% tin and 29, antlmony It was found that
75 5%
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this combination of metals gave a joint that calked rela-
tively easily, was hard enough to resist blowing out and
yet did not interfere with the flexibility of the joint. The
_manner of making this joint is similar to that of making
the ordinary cast lead joint.

Lead Substitutes. Several kinds of self-calking substi-
- tutes for lead have been developed, some of which have
been in service long enough to demonstrate that this type
of material is well adapted for jointing purposes. The
best known and oldest in common use is called ‘‘Leadite.”

Pouring a Bell and Spigot Joint with Leadite

This material is a mlxture of iron, sulphur, slag and other
substances Whlch when melted and cooled, forms a hard
slag-like mass. It is furnished in powdered form and is
delivered in bags weighing 100 pounds. Less heat:is
required for melting it than in the case of lead and the’
best possible results are. ‘obtained when a gasoline fired

213




CAST IRON PIPE HANDBOOK

furnace’is used although the ordinary coal burning lead
kettle can be used by taking care to avoid overheating.
" ‘In yarning the joint, it is important that a dry yarn be
used and that the inside of the Bell and outside of the
Spigot be thoroughly cleaned: The use of tarred or oiled
yarn causes the inside of the joint to become oily and is
"very apt to result in a poor joint. . Braided hemp is even
better than ordinary yarn as a uniform thickness of joint
is insured. The runner is placed in the usual manner and
- the pouring gate built up with clay to a height of from
, 6vinc.he"s to 8 inches above the top of the Bell. The manu-
facturers furnish cone-shaped metallic. runner heads that
can: ‘be used in place of clay for this high pourlng gate It
15 1mportant that a high gate be used. The joint is now
ready for pouring. The Leadite is at a proper tempera-
ture when it flows freely, reflects one’s 1mage as in a mirror
andis free from foam or bubbles. If it is too hot or t6o
cold it will be somewhat thicker than the required con-
51stency and it should be’either heated or cooled as the.
case may require before pouring. The joint should be
poured from one ladle full until the joint and pouring gate -
are .completely full. As soon as jointing material has
cooled the runner should be removed the ]o1nt inspected
and the runner head cut.off... Ini case of a missed joint the
‘material should be cut out for several inches and all loose
material removed. The missed part is jthen re-run.
‘ The joint requires no calking and.is ready fclr use as soon
isit'has cooled. It is characteristic of this ]omt to sweat
.of seep.a little at first. - This should not be a cause for
Aﬁorry»'an'it takes up and is tight in.a:short time. The
rincipal 'advantage -of this type of joint. is a saving in
laBor that fesults from the fact that no calking is neces-
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sary. There is also a saving due to the lower cost of

material and to the fact that the bell holes may be con-
siderably smaller as no room is necessary for swinging
calking hammers.

Cement Joints. 'The use of cement for making joints in
Cast Iron Pipe is fairly common practice in the gas indus-
try and to a smaller extent for water distribution. A
number of different schemes have been developed for
making this type of joint, but the system described below
seems to be the most common. ‘

First of all the pipe should be pfoperly supported
before the joint is started so as to eliminate any possibility
of movement of the pipe before the cement has set. The
next step is to insert the yarn which has previously been
dipped in a thin mixture of neat cement and water and to

~ drive it home with hammers in the usual manner. Extreme

care should be taken to be sure that the yarn is absolutely
free from- all oil and grease. Cement for the joint itself
should be about 3{ cement to 1 water and thoroughly

~ mixed and kneaded by hand by workmen wearing rubber

gloves while mixing the cement as well as while making
up the joint. : shows that neat cement
mixed with sufficg  of water and thoroughly
kneaded in the h stency so that no moisture
will show when. squ§ gghtly in the hand will give
proper results. 'Ce gEar should be made up in small

batches so that n@ @chall stand more than three
minutes before usin wooden or iron tool similar in
shape to a yarnin uidwith a broader face is used for
ramming the mort e joint. The joint is then

_ finished' off withi celmeadiGEa. filet formed at the face'of

the bell.
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' In extremely hot weather it is necessary to protect the
joint from the direct rays of the sun and the joint kept
moist until set (about 48 hours). In cold weather care

" must be taken to prevent freézing of mortar both before

s Ritbber as a Jomtmg Materjal fo

and after the joint is made.

. Rubber Rings for Bell and Spigot Gas Joints. In Ger-
many, France and England, where experiences with
vulcanized rubber in bell and spigot joints range over
periods of fifty years or more, the reports dealing with
their durability draw the interesting conclusion that gas
will not destroy vulcanized rubber in such joints.

Mr. Walter Hole has proved in England by rather com-
plete and scientifically conducted tests (*) that when a
rubber ring is put into a bell and spigot gas joint and
sealed up, its life is rendered indefinitely long because the
_ingredients in the gas, consisting of such materials as
“benzol, toluol, solvent naphtha, petroleum, etc., can.do
no more than cause the rubber ring to swell or “get fat”
and thereby more completely shut off any leakage of gas
through the joint.

- Several speaal shapes or des1gns for these rubber rings
have been devised to be usédi and spigot joints in
combination with lead an
and with such special mate

One of the biggest pro
facing is the problem of pre
for gas in the distribution
"a suitable vulcanized rubh
" spigot joints promises to sglve

kage or unaccounted
he development of
be used in bell and
roblem™in the most

Utility- and Durability of
Gas Journal (London),

v(*), See; ari:lcle by Mr. Walter

rNovember 21, 1923 pages 504 to 5
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econiomical way and without altering present pipe stand-
ards or methods of field construction. Moreover, tests
have revealed that this method of making gas joints is
equally efficient for high pressure distribution as well as
for medium and low pressure distribution. -This factor
makes it possible to throw into service at any later date
an existing low pressure distribtition system converted to

Dresser Type Couplings on Small Pipe.

an intermediate system or high pr'e'ssure' syetem without

any material increase in'leakage from the joints that have ,

been constructed to serve for low pressures.
Coupled Joins. For connecting plain’ end

types of couplings have been developed the

which is the Dresser Couphng L

247
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This coupling: consists of two flanges, two gaskets, a
middle ring and the necessary bolts. The gaskets are made
of plain rubber for water and natural gas lines and of lead
or duck tipped rubber for manufactured gas lines. The
use of lead or duck is necessary to avoid deterioration of
the rubber due to contact with drip oils.

In making the joint, a flange and a gasket are slipped
over the ends of the pipe to be connected, the middle ring
is then placed on the pipe already installed. The end of
the length being laid is then inserted in the middle ring
and the flanges with their gaskets are drawn up evenly.
To insure uniform compression of ‘the gasket, bolts
diametrically opposite each other are drawn up a little at
a time until all are drawn up to the limit. . The best joint

"is-obtained when two men work on-opposite bolts, each

drawing his up an equal amount. :On small size pipe
several lengths may be joined together’ on the bank before
lowering into the trench. TFor large size pipe, the joint
must be made in the ditch. _

The advantages of this joint are flexibility, tightness,
especially in the case of high pressure gas lines, and ability
to withstand extremely high ‘pressures in case of either
gas or water. There is'a saving in cost of pipe because
the use of plain end pipe eliminates the extra metal in the
bell. P ‘

" Bronze Welded Joints. For high pressure gas distribu-
tion plain end pipe joined by a- collar of tobin bronze may
" be used. - With -this :type of joint expansion is usually
taken care of by means of special couplings inserted at
] als. - -

en butted together. The pipe is heated toa
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dull red and tack welded in two or three places.. The
permanent weld is put on proceeding in one direction
around the pipe until the joint is completed. Care shoild
be taken to avoid excessive heat as too much heat will
burn out the zinc, leaving gas bubbles in the bronze, caus-
ing a spongy and leaky joint. Too much oxygen should
also be avoided, a neutral flame being necessary in order to
avoid oxidizing the zinc and weakening the joint. A
small amount of bronze welding flux is required. This is

. Bronze Welded Joint on Cast Iron Pipe

applied by dipping the heated bronze rod in the flux from-
time to time during the welding operation. The general
appearance of the joint is rippled, as can be seen in the
accompanying photograph. '

“Joints in Wet Ditches. In wet excavations,  the
different kinds of joints require that certain preyafitil
be taken to insure first class work. In the case of ¢
and lead alloys, it is important that the water
pumped out until the joint is finished. If the
become wet due to flooding of the trench or.froi
standing in the pipe, a small amount of kerosene]
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into the joint prior to pouring the lead will do away with
missed joints.

Lead wool joints can be made under water if necessary
but even with this material it is advisable, wherever
possible, to remove the water before making the joint.
When it is impossible to pump out the water, as in the
case of submarine lines, additional care is necessary
because first it is more difficult to get the material itself
to take a compact form when wet, and second, the un-

~favorable working conditions make first class work more
difficult.

When making Leadlte joints in wet trenches, the only
precaution that should be taken is to leave a small opening
at the bottom of the runner so that while the Leadite is
being poured in it can force the water out. When Leadite
starts to come through the opening in the bottom it should
be stopped up with clay and the joint finished in the usual
manner. Leadite can be poured into water without
causing any explosion or disturbances.

In making up screwed joints or coupled joints in wet
trenches, the only additional precaution necessary is to
" keep dirt out of the joint and to see to it that the.
workmen do not become careless in order to get through

' with the job.

" Calking. ‘The subject of calking has already been dealt
W1th under lead and lead wool joints, but a little repetition
' be qut of place, - The best lead joint can only be
d by carefully calking. Inthe caseof castlead, the
te due to cooling causes the joint to open up around
umference of the pipe, hence the necessity for
# The depth to which calking is effective has been
ol bé about §4 of an inch when calking is properly
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done. By proper calking is meant using each tool, begin-
ning with the cold chisel and using each successive size
until the one occupying the entire joint space is used.
Slip-shod work consists in using only the large tools.
This method finishes off the face of the joint so it looks
smooth, but has little effect below the surface. Although
a reasonably heavy blow is necessary to properly calk a
joint, too great force is to. be avoided as it is liable to
result in split bells.

In the case of lead wool joints it is equally essential that
each tool be used, and on each strand of the material. -
Failure to follow this method will result in small voids in
the joint that will eventually develop into leaks. The use
of air hammers is almost a necessity in the case of lead
‘wool joints if first class work is to be expected. Their
“use on cast ‘lead joints, particularly on large diameter

" pipe, is also recommended. On page 194 are shown typlcal
calking tools for hand work.

Submarine Pipe Laying. In laying cast iron pipe lines
under water, the type of joints to be used and the method
of laying depend on the depth of the water, whether it is
still or flowing, whether used for navigation or not, the
nature of the bottom and other local conditions. It would
be impossible in the short space allotted to this class of
work to cover the method in detail, but a general outline
will be given. '

In shallow water it is often economy to construct coffer
dams and, after pumping them out, to lay the pipe in the
open just as on dry land. If the watér is navigable the
coffer dam should be constructed in sections, in order to
provide a channel for boats. In still.water the line may
be laid on shore along the bank and floated by means, of .
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large barrels attached to the pipe. When the entire length
of pipe has been put together and calked one end is towed
out until the pipe occupies the line proposed. It is then
lowered by releasing the barrels, care being taken during
the sinking process so that the joints do not become dis-
torted. This requires that barrels throughout the entire
length be released at the same time. Coffer dams are
then constructed at the shore ends and pipe connected up
in the usual manner.

A somewhat similar method is to lay the pipe on the
shore along a continuation.of the proposed line and as each
length is connected up to push it down skids into the
water where barrels are attached toit. As each successive
length is laid, the line extends further into the water. The
finished line is sunk in the manner described above. -

' Another method is to drive piling in pairs along the pro-

posed line and to lay the pipe on timbers supported
between piles. When the entire line is connected up sills
are laid across the top of the piles and pipe ‘supported from
the sills by means of chain hoists. The pipe is raised
enough to release the platform upon which it was laid
and then lowered gradually to the bottom of the water.
It is not necessary that the entire line be lowered at once,
but it should be lowered beginning at one .end and pro-’
ceeding to the other in such a way that the total deflection
of the joints is kept down to about 214 degrees.

. Still another method is to join several lengths together
on a barge, lower them into place by means of a derrick
and make the joints between -sections with lead wool,
using a diver for the under water joints. In case it is not
desirable to use lead wool, the end pipe in each section
«can be equipped with flanges and bell flange spigot pieces,
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the under water joint then becomes a matter of makmg
up a flanged joint.

For large lines in deep water an excellent method is to
provide a laying- cradle having a curved shape so that its
lower part is in contact with and parallel to the bottom and
its upper part at an angle of about 60° to the surface of the
water. After each length of pipe is installed, the barge
carrying the cradle is moved forward and the next length
connected up until the entire line is laid. The use of this
method requires a special joint. This joint, known as the
Narrows Syphon Type, has a general appearance of a
ball and socket and permits of a considerable deflection
without causing joint leaks. The surface of the spigot is
machined accurately on a spherical surface and in the
case of large pipe polished to a high degree. The joint is-
run in the usual manner and, after cooling, slugs of lead
are introduced into the joint through holes in the bell and
forced into it by means of screw plugs. Grease is forced
into the joint at the same time that the lead pellets are.

In laying submarine lines the necessity for the use of
flexible joints should be considered, and while many lines
may be laid with ordinary joints, when there is likely to
be considerable change in direction either -during the
laying of pipe or after it is laid, it is advisable to provide
some flexible joints.. This can be done by providing at
intervals a length of pipe with a standard bell on one end
and the flexible spigot on the other, the next pipe having
a flexible bell and a standard spigot or, if preferable,
flanged joints can be provided where the flexible joint is to
be used and a flexible joint provided with flanges inserted
at these points. Submarine lines.should be covered over-
particularly where there is navigation. :
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- Testing. 'The best modern practice requires that all
pipe lines be tested before back-filling. This-applies to
both water and gas mains. In the case of water mains
the test pressure should be equal to the pressure under
which the line will be called upon to operate or, preferably,
twice this amount. Care should be taken to see that all
caps and plugs are properly braced before the test pressure
is applied and that all piers and masonry supports at bends
are in place.

In the case of water lines, before attempting to raise the
pressure in the line under test, all air must be expelled.
This is best done by opening a fire hydrant near the high
point of the line and by opening a corporation cock that
has previously been inserted at the high point in order to
expel air in that portion of the pipe above the hydrant

“branch. - When all of the air has been expelled, the valve
or valves between the old part of the system and the line:
under test are closed. Pressure is then applied to the
portion under test either by means of a hand pump in the
case of small lines, or small sections of large lines, or by
use of a gasoline pump or fire engine in the case of larger-
lines. In any event a displacement meter should be so-
loca’téd in the discharge from the pump that when the
pressure is up to.the stated point, all the water may be
caused to- pass through this meter. In this way the
actual amount of water lost can be measured. While the |
pipe is - under pressure it should be thoroughly inspected
from one end to the other. This inspection should cover
the pipe itself and all of the joints, Leaking joints can be

- made tight in the case of lead and lead wool by additional

calking. In the case of lead substitutes the pipe is usually
not tested for several days after pressure has been applied




PIPE LAYING

. as it is known before hand that the joints will leak for a
few days before taking up. After all leaks have been
repaired the ditch should be back-filled.

In testing gas pipe air pressure is used and leaks are
detected by applying soapsuds to each joint. In the
‘case of leaks, bubbles will appear and the joint can be
made tight by calking. As a rule in gas lines the actual
leakage is not measured by a displacement meter, but the

Lugged Bends Reinforced with Masonry Piers '

tightness of the pipe is determnined by the fact that the
pressure, when once bullt up remams stationary for a
‘period of time.

Piers. Masonry piers should be constructed behmd all
bends, and.in the case of large pipe behind caps and plugs.
These piers should be designed to carty the load that will
-be imposed ‘upon them: with the pipe working under its
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maximum head and with a reasonable allowance for water

hammer. They should bear, if at all possible, against

undisturbed earth and, in case this is not possible, they

** should be made correspondingly larger due to poor bearing
capacity of newly filled ground. The use of piers behind

" bends refers to bends in the vertical plane as well as those
used in changing direction. These piers should be so
designed that they will not interfere with recalking joints
if such work should become necessary.

Back-Filling. One part of pipe line construction work
that is given too little attention is that of back-filling.
*The old-fashioned idea of tossing the dirt into the trench .
‘and leaving nature take its course, is a prolific source of
‘trouble. The ideal system is one that replaces the exca-
‘vated earth in such a way that future settlement is reduced
to a minimum. When a ditch is poorly back-filled the
:pipe is very often called upon to act as a beam in support-
'ing material directly over it. This introduces stresses in
‘the pipe itself and at the joints that may cause breakage
“of the pipe or undue deflection of the joint. As mentioned
under the subject of excavation, the width of the trench
‘'should be such that back-filling can be done properly,
‘that is, there should be enough room between the pipe and
~ the sides of the ditch so that the material can be placed
under the lower quarters of the pipe, and if the material is
such that tamping is necessary, there should be sufficient
room for this work. In the case of excavation in sand,
back-filling can be done efficiently by the proper use of
flooding, although even in this case some care is necessary
to see that no voids are left beneath the pipe. After the
material has been tamped up to about the center of the
‘pipe, as far as the pipe itself is concerned, there is little
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trouble to be experienced as the remainder of the back-
filling consists in merely filling the ditch. If the pipe,
however, is in a city street or a travelled highway, the
same care should be applied to the remainder of the trench
as to the lower part. Some engineers require that the
material shall be heaped over the trench to take care of a
reasonable amount of settlement, while others claim that
if back-filling is properly handled this is not necessary.
_All excess material should be removed in the case of pipe

. Concrete Piers to Support Pipe Through Filled Ground

in city streets as soon as possible, as the mere laying of

pipe is often an annoyance to the people on the street and

. any effort on the part of those installing the pipe to mini-
mize this annoyance is effort well spent.

The suggestions for back-filling mentioned heretofore

-apply to the average pipe job, but there are special cases

where special précautions must be taken. - . In filled ground
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~and in swampy locations the best possible foundation is
-often: so poor that it becomes advisable to use piers under
- each length of pipe, and this method should be followed -
rather than dependence placed on a material that obvi-
ously will not properly support the pipe. -
- In the case of rock excavation, the ditch should not be
filled with the excavated material, as all subsequent work
-is made considerably harder and more expensive, and the
possibility of danger to the pipe due to back-filling with

Valve Vault Under Construction

"broken rock is so great that it- becomes advisable to-use
other material. Sand, if available, forms the best material
for back-filling trenches in rock. In case it becomes
necessary to lay a cast iron pipe through cinders, slag piles,
garbage dumps or other material that is highly corrosive, -
-.the - best results can be obtained if the trench is back-filled
. with clay. Back-filling with the excavated material is
~bound to causé trouble eventually and while hauling clay
:for the work may-be expensive, it adds to the life of the
.pipe-and results in.a better job..
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- Valve: Basins, Vaults, Valve Boxes, Efc. There is a
difference of opinion among waterworks men as to whether
valve boxes or valve vaults should be used.. The argu-
ment in favor of building a vault over each valve is that"
it makes it possible to repack the valve, to replace broken
stems, and to do any other work that may be necessary on
the valve without the necessity of making an opening in -
the street. In the case of valves located in parkways, -
these arguments do not hold, and there are some who-
claim that it is cheaper to use a valve box and, when repairs -

Cutter for Cast Iron Pipe

become necessary, to make the necessary excavation. In.
any event, either a valve vault or a valve box should e
so constructed as to insure speedy closing of the valve in
the. event of emergencies. The exact location _s
noted on the distribution atlas '

ot YL

Cutting Pipe. There are two general methods used for
cutting cast ifon pipe. One by the use of a pipe cutting
machine of some kind and the other by the use of hammers,
diamond points, chisels, etc. The ordinary wheel type of
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cutter is used for pipe up to about 16 inches in diameter.
The operation of this type of cutter requires no particular
explanation, nor is a great amount of skill necessary. For
pipes above this size there are machines on the market
that use a cutting tool (for making the cut) similar to the
tools used in the ordinary machine shop. This machine
is mounted on pipe concentrically and operated by means
of crank handle, the feed being automatic. Cuts made
with this machine are similar in nature to a cut made in
a lathe and in addition to eliminating the possibility of a
ragged cut or of cracking the pipe, this device makes it
possible to salvage the cut piece. When pipe is cut by
hand, a certain degree of skill and care is necessary.
Small pipe can easily be cut by use of Cold Chisels and
Hardys. The process consists in going around the pipe
several times with the chisel and hammer until finally
the piece breaks off. When cutting pipe in the trench or
when cutting larger pipe on the bank, it becomes advisable
to use a chisel with a diamond shaped point. - This tool is
used after the manner of a chisel, except that, due to its
shape, it actually removes the iron in small chips instead
* of merely deforming it. After a groove has been com-
pletely cut around the pipe a hammer and chisels are used
in much the same manner as when cutting pipe on the
bank. It is possible, by striking hard blows with heavy
hammers, to cause small cracks in the pipe that is being
cut, which often do not show up for some time. Proper
supervision should be exercised so that the pipe is not
injured in the cutting process.
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SECTION 11

SUBSTITUTES FOR CAST IRON PIPE

AT different times in the past there have appeared on

the market various substitutes for bell and :nigot
cast iron pipe. Almost without exception manu-

facturers of these pipes have made no claim as to the
superiority of their product over cast iron—their only
claim has been that their product costs less. In speaking
of cost, the figure that was stressed was the cost of the
pipe—no attention was paid to the annual cost such as
interest, sinking fund and maintenance. When annual
costs have come in for consideration, the only salvation of
the substitute pipe was to claim a long life for the material.
This long life claim was enough in many instances to sell
the first order of pipe, but in very few places was it con-
sidered when the second lot of pipe was bought: Some
makers after experience had shown their product to be
short-lived, attempted to hold their market by :claiming
that new methods of manufacture or new coatings had
been developed that corrected the faults in the pipe that
they had marketed previously. These claims worked in
some cases, especially where the pipe was used in the
installation of a new waterworks, where no local official
‘had any experience with pipe of any kind. It is interest-

ing to note that in very few if any cases where the substi-

tute pipe has been replaced, anything but bell and spigot
cast iron pipe has been considered for the replacement
work.
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pa

The principal substitutes are wood pipe, steel pipe of
various kinds, concrete pipe and cast iron pipe made by
processes not conformable to the requirements of the
standard speaﬁcatlons adopted by water works and gas
assoc1at10ns I AT :

Wood pipe for low heads is cheaper in the ﬁrst cost than
is.cast iron. It fails, either by decay of the stavesor by
rustv Zout of the steel windings or bands that hold the
staves together After wood pipe had been in service
long -enough for these faults to develop, more rigid speci-
fications concerning the stave material, steel banding and

' coatings were drawn up and enforced as far as possible. -
In spite of these rigid specifications failures have occurred
repeatedly, and for water distribution purposes wood pipe
is acknowledged to be only temporary and is not found
where permanency is requlred

. Steel pipe, using various coatings, and manufactured by
different processes, has been used somewhat spasmodically
during the past forty years, and-the consensus of opinion
seems to be that the steel line is as good as its coatings, and
that perfect coatings arestill to be found. A small bubble
. or pin hole in the coating on the steel line ‘will have the -

| effect of concentrating corrosion at that point and. will

cause a pit-to go through a pipe more quickly than if no
coating had been used. . Even where the greatest care is
~ used in applying the coating. the fact that the surface is
- “tertain to be marred in laying makes for'the short life for
steel pipe for underground use. Steel is readily attacked
by soil corrosion and its thin shell is'soon pierced by:pits.
* Its life may be as much as thirty years under the most.
favorable conditions, and under .unfavorable conditions
. may be as little as five years. Even if it were possible to
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~lay-a steel main so cheaply that it could-be replaced at the
end of a reasonable life (basing cost on present prices of -
labor and material) it would be doubtful-economy. There
" comes a time in the life of a steel pipe when maintenance
costs become so great as to make it economy to replace
the line. Unfortunately experience has shown that the
line is often kept in service after this point is reached, and
that considerable money is spent in repairing leaks and in
damage to pavements that would have been avoided had
cast iron pipe been used in the initial 1nstallat10n F urther-
more, the loss of water represents a loss of money and
possibly lack of pressure to the consumer: Oftentimes the
line is such that the waterworks operators would. hesitate
to raise the pressure in order to make up for the losses in
the line, with the result that there is a period during which
poor water service is rendered, during times of ordinary
draft and during times of fire the supply is totally deficient.
As said before, even if the saving in the first cost of
steel over cast iron pipe would replace the line at- the end
of a reasonable life, using present day costs, if the price
of labor and material during the next thirty years should
advance in any where near the same proportion that .

they did in the past thirty years, this would be far from -

holding true.
Concrete pipe lends itself to a limited use in waterworks
construction work. For local distribution it is entirely. -

unfitted and has been used to only a small extent for |

larger gravity flow lines, partlcularly lines that work under
relatively low heads. Its particular disadvantages are
difficulty of making repairs in the event of break, lack of.
uniformity in product due to the manufacturing methods
and the human element, difficulty in getting tight joints, .
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porousness, inability to make alterations readily and un-
certain life. _

As far as cast iron pipe manufactured by processes that
have long since been abandoned by most of the water-
* works pipe manufacturers, there is this much to be said:
Prior to the time that the present day specifications were
drawn up it was customary among all manufacturers of
cast iron pipe to cast it on the flat or in an inclined position.
It became evident to both the manufacturers and the
- users that these methods of casting were liable to cause
the metal to be thick on one side of the pipe and thin on
the other. This method of casting made it possible for
the slag and impurities in the iron to collect in the wall
of the pipe along top of the mold. For these reasons the
present day specifications requiring that pipe shall be cast
wvertically in dry sand molds were drawn up. This method
is now in common use and there are only a few makers of
special type of pipe who cast their pipe in the old fashioned

Slnce the above was ertten, equlpment v
s been developed for casting pipe hori- -
ntally which makes it possible to cast it

n-this way sufficiently uniform in thick-
ss. . New methods of gating, also, prac-
_lly avoid the danger of slag and other
urities in the iron collecting in the w
he pipe along top of the mold.
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SECTION 12

PREVENTION OF LOSS OF CARRYING
CAPACITY IN WATER MAINS

HE almost universal adoption of cast iron pipe for
Twater mains makes the loss in carrying capacity
. which occurs in metal pipes in some sections of the
country an important problem to all water works men.
It is well known that in some localities water mains have
lost an appreciable part of their capacity in the course 6f
time and, for this reason, consideration of the causes of
this trouble and the remedies that may be applied is of
great interest. Obviously, this loss in carrying. capaa@y
results in increased operating expense, either because it
necessitates greater pumping pressures or because of the
necessity for installing additional mains. There are in
all, four causes for the loss in carrying ca.pac1ty in water
mains,
‘ 1. Sedimentation. :
2. Animal or vegetable growth. ,
3. Mineral deposit. s
4, Tuberculation. '

These various deposits may occur at the same time in a
line; in fact it has been stated that the presence.of animal
or vegetable organisms in a main hastens tuberculation,
On the other hand, a mineral deposit in the line may -
actually act as a protection and effectively prevent any
other form of incrustation.
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" Sedimentation. There are two distinct types of sedi-
mentation. The first type is commonly known as “red
mud” and it is the result of a considerable percentage of
clay, or iron in the water. This mud is distributed evenly
all around the inside surface of the pipe and cuts down the
carrying capacity both by the reduction in effective area
and by the increased friction which results therefrom.
The ordinary form of sedimentation is the result of turbid
~water and consists of a deposit of mud on the bottom of

Sediment Almost Closing Old Wooden Mains

the pipe. This may cause serious trouble in cases where
the dep051t is heavy and may result-in actually closmg the
-pipe in low points along the line.

Awnimal or Vegetable Growth. The use of surface waters
soft enough to make a satisfactory water supply often
results in animal or vegetable growth on the inside of the
pipe, although this-trouble may also occur where ground
water containing bacteria is used. One.type of growth,
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pipe sponge, may be identified by a tendency for large’
masses to break away from the surface of the pipe and
float in the supply, resulting in the stoppage of service
pipes. Unfortunately, pipe coating does not prevent this
trouble and some other remedy must be found. Investi-
gations show that iron in solution in the water is necessary
for the growth of the sponge and mechanical filtration as
well as the use of lime water as a coagulant are valuable
remedies. Pipe moss, although somewhat similar in
form, is not as serious in that it adheres closely to the
surface of the pipe and is not liable to result in the stoppage
of services.  Unfortunately, pipe moss cannot be removed
by flushing the mains, a valuable remedy for the sponge,
and cleaning is necessary to remove the moss.

Mineral Deposit. Wherever a water supply flows over
lime stone or shale, the water is liable to take up: some‘of_
~ the minerals, which are later deposited on the inside of
the pipe. This trouble occurs to a noticeable extent in
the Middle West' where ground water ‘is ‘used ‘without
filtration. A similar deposit may be obtained where excess
lime is used in the preparation of the water This trouble
also occurs where the water supply contains a very high
percentage of other mineral salts. However, on pipe of
large diameters it has been found that this type of deposit
is very smooth and does not increase the friction loss to
any appreciable extent. ‘

- Tuberculation By far the most serious cause of loss of E

carrying capacity in water mains is tuberculation. This
trouble results from the formation on the inside of the
pipe of small knobs or buttons of rust known as tubercules.-
These may occur at widely separated points on the inside
of the pipe or, in some cases, successive layers.of tubercules
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may build up, resulting in the actual stoppage of small
sized pipe. It would appear that tuberculation only
forms at a point where there is some defect in the coating
sothat the water actually reaches the iron. Tuberculation
is due principally to iron corrosion resulting from the
presence of carbonic or some other acid in the water.
Unfortunately, the waters which cause tuberculation are
the desirable ones for household use, in that they are soft

Tubercules from a Steel Main Showing the Successive Layers of Growth

and low in total solids and alkalinity. Naturally a water
of this kind contains more of the acids mentioned above.

It is interesting to note that this trouble is not limited

to recent installations. - In a book, “The Brooklyn Water

" Works,” published in 1867, considerable attention is

devoted to this question. However, even at that time it

was known that tuberculation would not affect the purity

of the water nor would it materially reduce the life of the
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pipe. Investigatiohs show that the actual pitting on cast
iron under the tubercules is almost negligible. -

Prevalence. It is well to note that the troubles above
are not by any means universal. For instance, tubercula-
tion is not found to any noticeable degree on the Pacific
Coast, except in the case of some snow waters. The
water of the Great Lakes does not affect cast iron pipe,
and many of the Great Lake cities have had no trouble
of this nature in the many years that their lines have been
in service, Another example is the Mississippi River,
which. shows very.little action throughout its length
although some of its tributaries are so turbulent that they
cause a great deal of sedimentation The surface waters

-of the New England States, in all probability, cause most
of the trouble which occurs in this country. In a discus-
sion of this question at the American Water Works Asso-
ciation Convention in 1908 it was brought out that no
surface water in that section is entirely free from some
form of incrustation.

The trouble resulting from tuberculation is most serious
on small pipe and several reasons have been advanced to
account for this. It has been suggested that small pipe
is used in general for distribution systems and, for this
reason, -the flow of water in the pipe is less uniform.
Other writers suggest that the eddy currents in small pipe
bring proportionately more water in contact with the iron.
The logical suggestion seems to be, however, that tuber-
cules of the same height as are found in large pipe may
practically cut off the flow in a pipe of small diameter.
It has been found that on large pipe tubercules grow to an
inch or an inch and a half in height before their growth is
arrested. ‘
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. Remedies. Flushing mains-is effective in improving
" the carrying,capacity with some forms of incrustations.
It is uniformly effective in the case of sedimentation, and
with some types of animal or vegetable growth. In
flushing mains it is customary to open several hydrants
at a time, starting near the pumping plant and working
out into the distribution system. The most satisfactory
method is to start with the three hydrants next to the
pumping plant open and as the first hydrant is closed
opening the fourth hydrant on the line, continuing to
work away from the pumping plant. In this way the
sediment is blown out of the line and away from the
pumping plant.

~ For tuberculation and the harder forms of incrustation
. the only remedy is cleaning the mains. Cleaning cast iron
* mains consists of inserting the scraper into the pipe, this
, 11nachine is carried through the line and cuts the tubercules
from the surface.” The section to be cleaned is cut off
from the main pipe system and a cut is made in the pipe
at each end to receive the cleaner. One end of the line is
sleeved after the cleaner is inserted and the pressure is
" turned on behind the machine. Once started the cleaner
moves from three to four feet per second, coming out in
the open end of the section and bringing with it all sedi-
ment and tubercules. Where the pressure is very low it
may be necessary to pull the cleaner through the line with
~ a cable. Cleaning not only removes the incrustation but
any tools or foreign matter which may have been left in
the pipe during construction. The method of cleaning
mains discussed. above has been in use for. twenty-five
years; and in many instances has been very successful,
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resulting in from fifteen per cent. to eighty per cent. im-
provement in the carrying capacity of the line. - -

Unfortunately the passage of the cleaner may injure
the coating to some extent and in a few localities it has
_been found that tuberculatlon occurs very rapidly follow-
ing cleaning.

Prevention. Tuberculation in cast iron water pipe may
be prevented by improvement in coating, and where

Wood Lined Cast Iron Flanged Pipe

trouble is expected it will probably pay to cover the pipe
with some of the patented coatings now on the market.
Unfortunately, most of the processes used for purification
will not help in preventing the troubles we have mentioned
although excess liming may eliminate tuberculation to a
marked degree. The only definite prevention which has
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been offered is the use of cement lined cast iron pipe.*
This material combines maximum carrying capacity with
the great durability found in cast iron pipe. ‘
For conveying very corrosive liquids cast iron pipe may
- be lined with wood. This type of installation has found
favor with the coal companies where the water may have a
high percentage of sulphur, forming a corrosive acid. For
the average installation cement lined cast iron pipe is not
only cheaper but more satisfactory than the wood lined

pipe.

*#See page 243.
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SECTION 13

CEMENT LINED PI PE -

THEN very soft Waters are conveyed through iron = .

pipes that are either uncoated or have a defective

coating, nodules of rust will form on the walls of
the pipe. Waters sufficiently soft to cause severe tubercu-
lation are comparatively rare and are found principally in
the East. In severe cases these rust nodules may finally
reduce the carrying capacity of the pipe to such an extent
that pressures are seriously affected. .For their growth it
is essential that the .organisms causing the nodules or
tubercules come in-direct contact with the iron, and coat-
ings, to be effective against tuberculation, must be free
from even the smallest pin-holes. Tar coatings as now
applied to cast iron pipe will prevent formation of tuber-
cules except under the most severe conditions. Where
these conditions exist a coating of Portland cement mortar
has been found to be the most effective preventative.

Cement coatings have been in use for a number of years.
The earliest were made of natural cement mortar and were
applied to sheet metal pipes. These pipes fulfilled the
expectation of their makers in that tuberculation was pre-
vented, but, due to the rusting out of the steel and wrought
sheets, the pipe failed in a relatively short time. In 1921
cement lining was first applied to cast iron pipe. The
method of application was rather crude and consisted in
standing the pipe on end, inserting a “bullet” to which a
rope was attached, pouring in sufficient mortar for the
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coatmg, and Wlthdrawmg the “bullet.” As the “bullet” -
was withdrawn it spread the cement mortar fairly evenly
- over the walls of the pipe. The lining as applied by this
process was usually from 34" to 34” in thickness. The
- pipe so manufactured were installed and the carrying
capacity “measured 1m.med1ately after installation and
-again after the pipe had been in service one year. = These-
tests were carried out at Charleston, South Carolina, where
tuberculation conditions are unusually severe. The co-

Cement Lined Pipe Cut in the Field, Showing
. the Adk@rence of Cement

efficient for the pipe when first lajd was 135 and one year
afterward was 128, under conditions where the ordinary
pipe would have a co-efficient in the neighborhood of 100.
- After- these first lines were laid and proved successful,
‘the method of lining the pipe was studied and improved
upon. The method now used (and required by standard
,spec1ﬁcat10ns) is to apply the lining centnfugally In
general, the process consists in ‘supporting the pipe hori--
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zontally oh'rollérs, inserting a trough full of cement mortar, |
‘overturning the trough, revolving the p1pe at a'peripheral

speed of 300’ per niinute until the mortar is evenly spread, :
P p y sp

increasing the speed to 600" per minute, and ﬁna.lly curing
the coatmg

The lining applied by the centnfuga.l method is vety
dense and has a porcelain-like surface. Tt adheres to the
iron so tenaciously that the p1pe can be cut or tapped

' Cenient Lined Tee:. '

without danger -of ‘]:,)Jreaking off the coating adjacent to
the cut or to the tap hole. The smooth surface makes for =
a high co-efficient, and-due to the complete elimination
of tuberculation, this high  co-efficient . is mamtamed
throughout the life of the pipe.

“The standard specifications for cement lined cast iron
" pipeare as follows ' '
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'Ten;cative v Specifica“fions
for
Cement—Mortar Lined Cast Iron Pipe,
| and Fi 1tt1ngs

November. 1930

(In recommending these specifications, Sub-Committee *
- 3C wishes to call attention to the fact that they are tenta-
" tive only and subject to rewsion as additional information |
s obtained.). _ : |
e Cement =
1. The cement used for ma,kmg cement mortar sha]l be
Portland cement, complying in all respects with the stand-

IE ard speaﬁcatmns ‘of the American Society for Testmg

15 ; good mortar. The sand shall be well graded, and when 3

o Matenals, Sena.l de51gna,t10n 6-9-21. : " ‘

: Sand. :
.~ 2.-The sand for; mortar shall consist of a clean, sharp',‘
» hard silicious sand, free from loam, clay, organic maltter,
© or other foreign substance considered as deleterious for

11 tested by laboratory s1eves, sha]l meet the following .

|| “specifications:

Total passing 12 mesh s1eve, 100%
Total passing 100 mesh 51eve, not over 5%

*These Tentative Speaﬁcattons Jor Cement-M. ortar Lined Cost Iron Pipe and :
Fittings were adopted by Sub-Committee No. 3C. (Inorganic Coatings) of the Sec-- !
tional Committee on Specifications for Cast Iron PxPe (A-Z 1) in Mar 1930 except | -
‘for the two amendments between: trlcple star (***—-**%). These amendments were pro- |
posed at a meéeting of Technical Committee 3, on March 25, 1930, were referred |
-back to Sub-Committee SC for consideration and were adopted by Sub-Committee |
3C in November, 1930. .
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Cement Mortar N

The cement mortar used for lining pipe shall be a.

» mlxture of the above, specified sand and cement in such'
© proportions as to obtain a good hard, dense lining, reason—,
ably well bonded to the pipe, and with a smooth mtenorf

" surface. (A mixture which has been found to give very
satisfactory results consists of three parts cement to one
part sand by volume.)" :

4. The cement mortar shall be thoroughly mlxed only:
sufficient water being added to form a workable mlxture\
for placmg in the pipe.

5. -Only sufficient cement mortar shall be mlxed for the: »
1mmed1ate requirements. of lining. S

6. T]ie- water for tempering. the cement'mortar shall be
free from harmful amounts of oil, acid, alkali, organic or
vegetable matter.

Preparatlon of Pxpe for meg

7 Pipe to be lined with cement mortar . shall not be-
coated inside with tar or other asphaltum products. Its
interior surface shall be thoroughly cleaned of all core
sand, mud, grease, foreign materials, or any sharp projec-
tions of iron which might project through the lining. Pipe
shall be tested hydrostatically before being lined.

Method of Applying the: meﬂt Mortar Li}xihg .

8. Sufficient cement mortat shall be introduced to pro-
duce’ the required thickness-of lining and spread evenly.
over the interior ‘surface-of the ‘pipe, by any suitable.
maane A paraful dvamination chall ha:made affer this
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'ope'ra,tidn is completed. to see that thie inner surface of the
p1pe is completely:covered vv1th~cement mortar
°9. The shoulder of the bell and the end of the spigot

may “be covered W1th cement mortar by applymg W1th a
brush

10. Surplus cement mortar shall be removed from the

- |interior of the bell so as not to interfere with proper keying
""lof the joint.- :

"11. The work of hmng the pipe shall be done in a build-

ing where the-product shall be protected from the direct

rays of the sun, and from extreme weather conditions, such
as rain, frost, etc. The product shall not be put on the
yard until the cement has set sufﬁcxently to avoid injury
or damage thereto.

12 Patching of 1mproperly lined pipe will not be per-
;mtted : X .

* * * Smoothness of Lining

13. The lining of straight pipe shall be smooth and sub-

| stantially free from noticeable ridges, corrugations, projec-

tions or depressions. The lining. of ﬁttlngs shall be as

smooth as practicable * * *

- Outside Surface of Pipe :
14. Unless otherwise specified, no coating shall be

| applied to the outside surface of cement mortar lined pipe

and ﬁttmgs » -

leng Fxttmgs

15 The interior surface of ﬁttmgs sha].l be lined by.
applying cement mortar as spec1ﬁed in: previous: para-

graphs; : evenly and - um:formly #* * % and as nearly;as




practlcable of the thlcknesses spemﬁed for the corre-
sponding sizes-of pxpe * % ,

Thickneé's of"Lining

16. The minimum thickness of lining for the vanous :
s1zes plpe shall be as follows:. ‘

. Mm.lmumThxcknessof

Nominal Size of Pipe Cement-Mortar Lining ~
dinchiieiiiniiiili PRETIP .. %% of an inch
. : ..+ .3 of an inch
.. of an inch
..}}ofa.nmch
..34 of aninch

S 3gofaninch |

..................................... “..Yg of an inch
........................................ + 34 of an:inch
........ -+ +e . Yg of an inch

3g.of an'inch ' .-

"17. A plus tolerance of 1 14" in- thickness of hnmg shall ;
be permitted on all size pipe from 4" to 24", No minus
tolera.nce to be allowed

spec1ﬁed

19, The thickness of lining may be determined by means
of .spear measurement, using a hardened steel. pomt not
greater than } in diameter. The inspector shall pierce _
the. hnlng 1mmed1ately after it is placed in the pipe, and

_ before_cement has set, at four diametrically opposite

points ‘of the pipe at bell and spigot ends, making two sets _,
of measurements at each end. The first set shall not be
greater than 4” from the respective ends of the pipe and.
the second set shall be made as far into the interior of the
pipe as can readily be obtained by reachlng mto the pipe

writh At fninveine tha BBnlne



.21. At the ends of the pipe where the lining naturally
tends to taper off to a thin edge, the full thickness of lining
 shall extend to within one inch of end of pipe.

22. For linings of the above specified thickness, or of
greater thickness, failure of the lining to completely adhere
to the wall of the pipe shall not be cause of . re]ectmn, if,
the lining conforms to these specifications in all other
respects (See Foot Notes) :

Cunng Cement Mortar Lining

23. Immedlately after pipe is lined with cement mortar,
_ it shall be protected in a suitable manner to prevent the
too rapid withdrawal of moisture from the cement mortar,
and if necessary, suitable means shall be provided to keep-
ing lining damp fora per1od of at least twenty-four hours '
after lining, - .

24. No p1pe shall be shlpped until the lining is thor—
oughly set.

NOTES

“The above tentative spemﬁcatlon provides for thicker
cement linings than have generally been used in American
practice. In view of the unavoidable irregularities in the
inner surface of cast iron pipe, of the known solvent action
of many’ waters on the lime content of Portland cement,
and the limited experience (only about seven years) with
thm Portland cement linings in cast iron pipe, thicker lin-
mgs are beheved to be desirable as a matter of i msurance

In the nresent state of the art such thicker hmngs are
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" Committee believes that the thicker hmngs recommended

will have longer life and will prevent tuberculation. and
maintain carrying capacity longer than thinner linings
which may show somewhat less temporary separation
from the pipe.

The Committee Tefrains from attempting, at this time,

" to specify the amount, or area, of the non-adherence of

the lining which shall cause rejection. It is realized that
the manufacturer will produce the best pipe he can and
that it may require some little experimentation on each
size and thickness of lining to secure the best adherence.
The judgment and common sense of the inspector and the
manufacturer’s forces is relied upon to secure the best
practicable results during this period of development,
rather than an arbitrary limit to the permissible areas of

non-adherence. ' ’
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SECTION 14
FLOW TABLES

In attempting to compute the capacity of a pipe line
. or to figure the probable loss in head, after the pipe has
reached a certain age, it is absolutely essential to know
something about the water to be conveyed. In.most
. cases the quality of the water is such that the carrying
capacity is affected very little by the age of the pipe.
In other cases, the water may be so soft as to cause tuber-
culation and consequent loss in carrying capacity or so
turbid as to cause deposits of sand or mud with the same
effect. Waters that cause tuberculation are the rare
exception and outside of a féw raw water conduits, muddy
water is also unusual. ‘ '
In spite of this fact, many of the books and articles on
hydraulics and water supply, make the bold statement
that a definite correction factor must be applied to flow
formulae as the pipe increases in age. It is evident that
this is incorrect, since first of all a large number of experi-
ments have been made that show quite definitely that in
many places, there is no change whatever in carrying
capacity with age. Secondly, assume that a layer of.
_tubercles 2 inches thick are produced as a result of many
years use of a pipe, it is evident that the carrying capacity
of a 12 inch pipe would be considerably more reduced
than would a 48 inch pipe with the same thickness of
tubercles, a fact that is not taken into consideration in
the formulae in common use.
_ In presenting the flow tables, that follow, we are giving
the values for new pipe. In most cases, it can be told
beforehand whether or not the water to be conveyed will
cause tuberculation. If tuberculation is not tobe expected,
. ordinary Cast Iron Pipe should be used and the carrying
‘capacity figured as shown in the tables. If it is known
beforehand, the water is of such a nature as to cause
tuberculation, cement lined Cast Iron Pipe should be
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- FLOW TABLES -

used and, as in previous case, the tables used without any
correction factor.

The following tables represent ‘the Flow of Water
through Clean Cast Iron Pipe' computed by the Formula
derived after careful investigation by Edward Wegmann,
C. E! and Albert N. Aeryns, C. E2 The Wegmann-
Aeryns Formula, which appeared in the Engmeenng .
News-Record for July 16, 1925, is as follows

- Y= 1825 R0723 80539

in which
V=Velocity in feet per second o
R=Hydraulic radius in feet =~ - LI
S=_Slope of the hydraulic gradient, or loss

- of head in feet per foot of pipe.

It should be remembered that the “loss of head,” or
_ friction head, given in feet per thousand feet of length,
is also the fall in feet per thousand (the slope) required
to produce the given velocity in pipe of the diameter
given.. The following examples illustrate the varlous uses
of the table:

" EXAMPLE 1. MAXIMUM DELIVERY

" To find the maximum delivery of an 8-inch pipe, 7,500 _
feet long under 150 foot head.” The available head. -per :
thousand feet is 150%7 5=20 feet per thousand. The/sg+#5"
table for. &-inch pipe, under “loss of head,” shows that- :
for a loss of head of 15.7 feet per thousand the correspond—
ing delivery at velocity of 5.32 feet per second is 1,200,000
gallons per day; the approximate value for a loss of 20 feet -
may then be calculated by interpolation.

EXAMPLE 2. DETERMINATION OF DIAMETER

To find diameter of pipe necessary to deliver 3,000,000
gallons per day-through a line 25,000 feet long under 150
foot head. 'The available head per thousand feet is
150+25=6 feet per thousand. Reading across table
from discharge of 3,000,000 gallons, at the left, the first

‘1Consulting Engmeer New York City.
2 Associatein Sanitary Engineering, Polytechnic Institute, Brooklyn N.Y..
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A “oss of- head” of 6 feet or less per thousand is 5.1 under-
- »:14—1nch pipe. Hence the least diameter which Wlll answer

in regular commercial sizes is 14 inches.

" EXAMPLE 3. FRICTION LOSS

. To find loss of head through a 10-inch line, 4,000 feet
long delivering 1,000 gallons per minute. The table shows
“loss of head”. in a 10-inch pipe delivering 972 gallons per
minute to be 6.8 feet per 1,000 feet of length; hence in
4,000 feet the loss will be 27.2 Teet. If the water is delivered
at a po1nt 100 feet above pump, the total head pumped

‘against is 100 feet (static) plus 27.2 feet (fnctlon), or
127.2 feet total. :

EXAMPLE 4. DELIVERY DETERMIN ED
‘ FROM PRESSURE REDUCTION

... Two accurate pressure gauges should be placed at a
“known distance apart, and measurement made of the
difference in elevation of the points where readings are
taken; thus, if in a 12-inch pipe the gauges are 500 feet
apart and show a difference in pressure of 2 pounds
(4.6 feet) while one gauge is 1.8 feet above the other, the
‘actual loss of head will be 4.6 plus or minus 1.8=6.4 or 2.8
feet per 500 feet, or 12.8 or 5.6 feet per thousand feet.
In the table for 12-inch pipe we find that a loss of head of
© 5.2 feet per thousand is due to velocity of 3.94 correspond-
ing to d1scharge of 2,000,000 gallons per day.

EXAMPLE 5 .

- To find the pressure at any point in a water main when
diameter, rate of delivery and static head are known.
Assume that 1,200,000 gallons per day are to be pumped
through 5,000 feet of 12-inch pipe laid on an incline to a
total vertical height of 100 feet and that it is desired to
learn the pressure in the pipe at-each 1,000 feet from the
pump. . At the given delivery the loss of head in a 12-inch
- pipe is 2.0 per 1,000 feet .or 10.0 for"5,000 feet; to this is

" added the static head .making total of 110. feet. The drop:
. in pressure for each 1000 feet will then be one-ﬁ.fth of

I this quanuty or 22 feet.

e

g

252




FLOW OF WATER IN CAST IRON PIPE ;;
Frlctlona,l Heads, per Thousand Feet, at Given Rates of Discharge
4” Pipe 6” Pipe 8” Pipe
Discharge Discharge : k
Gals. per Gals; per Velocity | Loss of Head Velocity - | Loss of Head |} . Velocity | Loss of Head
Minute ft. per ft. per 1000 ft. per ft. per 1000 ft, per’ ft. per 1000 |
. Seécond ft. of pipe Second ft. of pipe Second ft. of pipe
35 50,000 0.89 1.4
69 100,000 1.78 3.2 79 0.7 .
-104 150,000 2.68 11.0 1,18 1.4 g
139 200,000 '3.56 18.7 1,58 2.4 .89 .6 o)
153 220,000 3.91 22.3 1.73 2.9 .98 T 5
' 167 240,000 4.27 26.2 1.89 3.4 1.06 +.8
“n 181 260,000 4.63 30.4 2.05 3.9 1.15 .9 =
@® 194 280,000 4.99 34.9 2.21 4.5 1.24 1.1 S
208 300,000 5.34 39.7 2.36 5.1 1.33 12 o
243 350,000 '6.23 5219 2.76 6.8 1.55 1.6 =
278 400,000 7.12 67.7 3.15 8.7 1.77 2.0 =
312 450,000 8.00 84.2 3.55 10.9 1.99 2.5 wn
'+ 347 500,000 8.90 102.0 3.94 13.2 2.22 3.1
417 600,000 10.68 144.0 4,73 18.5 2.66 4.3
486 700,000 5.52 24.7 3.10 5.8
556 800,000 6.30 31.6 3.55 7.4 ¢
625 900,000 7.09 39.3 3.99 9.2 :
694 1,000,000 7.89 47.8 4.43 14.2
833 1,200,000 - 9.46 67.0 5.32 -15.7
972 1,400,000 6.20 20.8
1111 1,600,000 7.09 26.7
1250 1,800,000 7.98 33.2
1389 . 2,000,000 i 8.86 40.4
1528 2,200,000 . : 9.75 48.2
Tahles of Flow of Watér through Clean Cast Iron Plpe Computed by the Wegmann—Aeryns Formula published in
the Engineering News-Record, July" 16 1925, \ .
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FLOW OF WATER IN CAST IRON PIPE (contmued)
Fnctlonal Heads, per Thousand Feet, at Given Rates of Discharge

: 10” Pipe . 127 Pipe 14” Pipe
]él:fs,?%’egf %:fsl_la;eg: Velocity | Loss of Head Velocity | Loss of Head Velocity { Loss of Head
Minute 24 Hours ft. per ft. per 1000 ft. per ft. per 1000 ft. per ft. per 1000
. o Second ft. of pipe Second ft. of pipe Second ft. of pipe
174 250,000 0.71 0.3 0.49 0.1
208 300,000 0.85 0.4 0.59 0.2
243 350,000 0.99 0.5 0.69 0.2 0.51 0.1
278 400,000 1.13 0.7 0.79 0.3 0.58 0.1
312 450,000 1.28 0.8 0.89 0.3 0.65 0.2
347 500,000 1.42 1.0 0.99 0.4 0.72 0.2
417 600,000 1.70 1.4 1.18 0.6 0.87 - 0.3
486 700,000 1.99 1.9 1.38 0.8 1.01 0.3
556 800,000 2.27 2.4 1.58 1.0 1.16 0.4
625 900,000 2.55 3.0 - 1.77 1.2 1.30 0.5
694 1,000,000 2.84 3.6 1.97 1.4 1.45 0.7
833 1,200,000 3.40 5.1 2.36 2.0 1,74 09
972 1,400,000 3.97 6.8 2.76 2.7 2.02 1.2
1111 1,600,000 4.54 8.7 3.15 3.4 2.32 1.6
1250 1,800,000 5.11 10.7 3.55 4.3 2.60 . 2.0
1389 2,000,000 5.67- 13.1 3.94 5.2 2.90 2.4
1528 2,200,000 6.24 15.6 4.33 6.2 3.18 2.9
1667 2,400,000 6.81 18.4 4.73 7.3 3.48 3.4
1806 2,600,000 7.38 21.3 5.12 8.5 3.76 3.9
1944 2,800,000 7.94 24.4 5.52 9.7 4.05 4.5
2083 3,000,000 8.51 27.8 5.91 . 11.0 4.35 5.1
2222 3,200,000 9.08 31.3 6.30 12.5 4.63 5.7
2361 3,400,000 9.65° -+ 35.0 6.70 -14.0 4.92 6.4
2500, 3,600,000 7.09 15.5 5.21 7.1
2639 3,800,000 7.48 17.2 5.50 7.9
2778 4,000,000 7.88 .18.8 5.79 8.7
2917 4,200,000 8.28 20.6 6.08 9.5
3056 4,400,000 8.67 22.5 6.37 10.3
3194 4,600,000 9.06 24.4 6.66 11.2
3333 4,800,000 9.45 26.4 6.95 12.1
3472 5,000,000 9.85 28.5 7.24 13.1
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.7 FLOW OF WATER IN CAST IRON PIPE {continued)

Frictional Heads, per Thousand Feet, at Given Rates of Discharge

¥ .

. R 10” Pipe 4 12” Pipe 14" Pipe
]();l:fs]? a;g;: %:{:sl'xa;g: Velocity Loss of Head Velocity Loss of Head Velocity Loss of Head
Minute ‘24 Hours ft. per ft. per 1000 ft. per ft. per 1000 ft. per ft. per 1000
. Second ft. of pipe * Second ft. of pipe Second . ft. of pipe
174 250,000 0.71 0.3 0.49 0.1
208 300,000 0.85 0.4 0.59 0.2 .
243 350,000 0.99 0.5 0.69 0.2 0.51 0.1
278 400,000 1.13 -0.7 0.79 0.3 0.58 0.1
312 450,000 1.28 0.8 0.89 0.3 0.65 0.2
347 500,000 1.42 1.0 0.99 0.4 0.72 0.2
417 600,000 1.70 1.4 1.18 0.6 0.87 - 0.3
486 700,000 1.99 1.9 1.38 0.8 1.01 0.3
556 800,000 2.27 2.4 1.58 1.0 1.16 _ 0.4
625 900,000 2.55 3.0 - 1.77 1.2 1.30 0.5
694 1,000,000 2.84 3.6 1.97 1.4 1.45 0.7
833 1,200,000 _ 3.40 5.1 2.36 2.0 1.74° 09
972 1,400,000 3.97 6.8 2.76 2.7 2,02 1.2
1111 1,600,000 4.54 8.7 3.15 3.4 2.32 1.6
1250 1,800,000 5.11 10.7 3.55 4.3 2.60 . 2.0
1389 2,000,000 5.67- 13.1 3.94 5.2 2.90 " 2.4
1528 2,200,000 6.24 15.6 4.33 6.2 3.18 2.9
1667 2,400,000 6.81 18.4 4.73 7.3 3.48 3.4
1806 2,600,000 7.38 21.3 5.12 8.5 3.76 3.9
1944 2,800,000 7.94 24.4 5.52 9.7 4.05 4.5
2083 3,000,000 . 8.51 27.8 5.91 . 110 4.35 5.1
.2222 3,200,000 9.08 31.3 6.30 12.5 4.63 5.7
2361 3,400,000 9.65 35.0 6.70 -14.0 4.92 6.4
2500, 3,600,000 7.09 15.5 5.21 7.1
2639 3,800,000 7.48 17.2 5.50 7.9
2778 4,000,000 7.88 18.8 5.79 8.7
2917 4,200,000 8.28 20.6 6.08 9.5
3056 <. 4,400,000 8.67 22.5 6.37 10.3
3194 4,600,000 9.06 24.4 6.66 11.2
3333 4,800,000 9.45 26.4 6.95 12.1
3472 5,000,000 9.85 28.5 7.24 13.1
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FLOW OF WATER IN CAST IRON PIPE (continued)

Frictional Heads, per Thousand Feet, at Given Rates of Discharge

16” Pipe 18" Pipe 20” Pipe
l();:lt:sha;eg: ]();lasfsl_]i:eg: Velocity Loss of Head Velocity Loss of Head Velocity Loss of Head
Minute 24 Hours ft. per ft. per 1000 ft. per ft per 1000 ft. per ft. per 1000
Second ft. of pipe Second ft. of pipe Second ft of pipe
347 500,000 0.55 0.09 0.44 0.05
417 600,000 0.66 0.13 0.52 0.07
486 700,000 0.77 0.17 0.61 0.10
556 800,000 0.89 0.22 0.70 0.12
625 900,000 1.00- 0.28 0.79 0.15
694 1,000,000 1.11 0.34 0.88 0.19 0.71 0.11
833 1,200,000 1.33 0.47 1.05 0.26 0.85 0.15
972 1,400,000 1.55 0.63 1.23 0.35 0.99 0.20
1111 1,600,000 1.77 0.80 1.40 0.44 1.13 0.26
1250 1,800,000 1.99 1.00 1.57 0.55 1.28 0.32
1389 2,000,000 2.22 1.22 1.75 0.67 1.42 0.39
1528 2,200,000 2.44 1.45 1.93 0.80 1.56 0.47
1667. 2,400,000 2.66 1.71 2.10 0.94 1.70 0.55
1806 2,600,000 2.88 1.98 2.28 1.09 1.84 0.64
1944 2,800,000 3.10 2.28 2.45 1.26- 1.99 0.74
2083 3,000,000 3.32 2.59 2.63 1.42 213 0.84
2222 3,200,000 3.55 2.91 2.80 1.61 2.27 0.94
2361 3,400,000 3.77 3.26 2,98 1.80 2.41 1.05
2500 3,600,000 3.99 3.63 3.15 2.00 2.55 1.17
2639 3,800,000 4.21 4.01 3.33 2.21 2.70 . 1.30
-2778 4,000,000 4.43 4.41- 3.50 2.43 2.84 1.43
. 3472 5,000,000 5.54 6.67.. 4.38 3.68 3.55 2.16
4167 6,000,000 6.65 9.35 5.25 5.16 4.26 3.03
4861 ,000,000 7.76 12.50 " 6.13 6.87 4.96 4.03
5556 8,000,000 8.86 16.00 7.01 8.80 5.67 5.17
6250 9,000,000 9.97 19.80 . 7.88 10.90 -6.38 6.43
6944 ' 10,000,000 11.08 24.10. 8.76 . 13.30 7.09. 7.82
7639 11,000,000 12.19 28.80 9.63 15.80 7.80 9.33
8333 12,000,000 13.30 33.80 10,51 18.70 8.51 11.00
9028 13,000,000 . 9.22 - 12,70
9722 14,000,000 9.93 14.60

STIIVI MOTA
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F LOW OF WATER IN CAST IRON PIPE (contmued)
: FI'lCthIla.l Heads, per Thousand Feet, at G1ven Rates of. Dlscharge
: R 24” Plpe 307 Pipe 36” Pipe
Discharge Discharge - T E -
{ Gals. per :Gals. per Velocity | Loss of Head Velocity | Loss of Head Velocity = | Loss of Head
: Midute 24 Hours ft. per ft. per 1000 t. per ft. per 1000 ft. per ft. per 1000 o
Second ft. of pipe Second ft. of pipe Second ft. of pipe a 3
R ; K - »
‘1389 . 2,000,000 ‘0.98 0.16 o E z]’ s
2083 3,000.000 '1.48 0.33 '0.94 0.11 A
2778 4,000,000 - ‘1.97 0.57 1.26 0.18 0.88 0.07 s
3472 5,000,000 2.46 0.86 1.57 0.28 1.09 0.11 B
4167 6,000,000 ! 2.96 1.21 1.89 0.39 1.31 0.16 Q -
4861 7,000,000 3.45 1.60 2.20 0.52 1.53 0.21 Z
i 5556 8,000,000 3.92 2.06 2.52 0.66 1.75 0.27 g
g 6250 9,000,000 4.43 2.56 2.84 0.83 1.97 0.33 -t
=N 6944 10 000, 1000 4.92 3.11 3.15 1.01 2.19 0.40 o)
i 7639 11,000,000 5.42 3.71 3.47 1.20 2.41 0.48 =
8333 12,000,000 591 4.36 3.78 1.41 2.63 0.56 :
9028 13,000,000 6.40 : 5.06 4.10 1,64 2.85 0.65
9722 14,000,000 6.89 5.81 4.41 1.88”7 3.06 0.75
i 10420 i 15,000,000 7.39 6.60 4.73 2.14 3.28 0.85
: 11110 16,000,000 7.88 7.44 5.04 2.41 3.50 0.96 - w‘ .
f 11810 17,000,000 .8.37 8.32 5.36 :2.69 3.72 1.07 o ¢ !
12500 18,000,000 8.86 9.26 5.67 3.00 3.94 1.20 S
q--~--13190 --19,000,000 - 09,36 10.20 --.5.99 -3.32 4.16 - 132 Ao
13890 20,000,000 - 9.85 11.30 6.30 - .3.65 -4.38 1.45: - .
“15280" 22,000,000 10.80° 13.40 6,93 - 4.35 4.82° 1:73 -;
16670 24,000,000 11.80 15.80 7.56 5.12 5.25 -, - 22,04 %
18060 26,000,000 12.80 ' 18.30 - 820 5.93 5.69 2,36 .
19440 28,000,000 - 13.80 21.00 8.83 .- 6.81 6.13 L2071
20830 30,000,000 R ) 6.57 3.08 .
--1024310 35,000,000 7,66 43107
27780 - 40,000,000 3 8.76 5.25
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FLOW OF WATER IN CAST IRON PIPE (contihued)
Frictional Heads, per Thousand Feet, at Given Rates of Discharge

42” Pipe 48" Pipe 54” Pipe
Discharge Discharge. - - ; -
Gals. per Gals. per Velocity | Loss of Head Velocity | Loss of Head Velocity | Loss of Head
Minute -24 Hours ft. per ft. per 1000 ft. per ft. per 1000 ft. per ft. per 1000
. Second ft. of pipe Second ft.. of pipe Second ft. of pipe
2431 3,500,000 0.56 ,0.03
2778 4,000,000 0.64 0.03
3125 4,500,000 0.72 0.04
13472 5,000,000 0.80 0.05 0.62 0.03 0.48 0.01
4167 6,000,000 0.96 0.07 0.74 0.04 0.58 0.02
-4861° 7,000,000 113 0.09 0.86 0.05 0.68 0.03
5556 8,000,000 1.29 0.12 0.98 0.06 0.78 0.03
6250 9,000,000 1.45 0.15 1.10 0.08 0.88 0.04
6944 10,000,000 1.61 0.18 1.23 0.09 0.97 0.05
. 7639 11,000,000 1.77 0.22 1.35 0.11 1.07 0.06
8333 12,000,000 1.93 0.26 1.48 0.13 1.17 0.07
9028 13,000,000 2.09 0.30 1.60 0.15 1.27 0.08
9722 14,000,000 2.25 0.34 1.72 0.18 1.36 0.10
10420 15,000,000 2.41 0.38 1.84 0.20 1.46 0.11
11110 16,000,000 2.57 0.44 1.97 0.22 1.56 0.12
11810 17,000,000 2.73 0.49 2.09 0.25 1.66 0.14
12500 18,000,000 2.89 0.55 2.22 0.28 1.75 0.15
13190 19,000,000 3.05 0.61 2.34 0.31 -~ 1.85 0.17 .
13890 20,000,000 3.22 0.67 2.46 0.34 1.95 0.19
15280 22,000,000 3.54 0.79 2.71 0.40 2.14 0.22
16670 24,000,000 3.86 0.93 2.96 0.48 . 2.33 0.26
18060 26,000,000 14,18 1.08 3.20 0.55 2.53 0.30
19440 28,000,000 4.50 - 1.24 3.45 0.63 2.72 0.35
20830 30,000,000 4.82 1,41 3.69. 0.72 2.92 0.40
24310 35,000,000 5.63 1.88 4.31 0.96 3.40 0.53
27780 40,000,000 6.44 22,41 4,92 1.23 . 3.89 0.68 .
34720 50,000,000 8.04 3.65 6.16 1.86 4.86 1.02
41670 60,000,000 '9.65 ‘5011 17.39 2.61 - 5.84 1.44
48610 A - . 8.62. 3.47 . .6.81 1.91

70,000,000

SATIVL MOTL
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- FLOW OF WATER IN-CAST IRON PIPE {(continued)
Frictional Heads, per Thousand Feet, at Given Rates of Discharge

Discharge Discharge 667 Pipe 72" Pipe _34 Pipe
Gals. pgr Gals. pegr . Velocity | Loss of Head Velocity | Lossof Head Velocity | Loss of Head
Minute 24 Hours ft. per ft. per 1000 ft. per ft. per 1000 ft. per ft. per 1000
Second ft. of pipe Second ft. of pipe Second ft. of pipe
5556 8,000,000 0.63 0.02
6250 9,000,000 0.71 0.02
6944 - 10,000,000 0.79 0.03
7639 11,000,000 0.87 0.04
8333 12,000,000 0.95 0.0¢
9028 13,000,000 1.03 0.05
,9722 14,000,000 1.10 0.06 0.77 0.02
10420 15,000,000 1.18 0.06 0.82 0.02
11110 16,000,000 1.26 0.07 0.88 0.03
11810 17,000,000 1,34 0.08 .0.93 0.03
12500 18,000,000 1.42 0.09 0,98 0.04
13190 19,000,000 1.50 0.10 1.04 0.04
13890 20,000,000 1.58 0.11 1.09 0.04
15280 22,000,000 1,73 0.13 1.20 0.05
16670 24,000,000 1.89 0,15 1.31 0.06
18060 26,000,000 2.05 0.18 1.42 0.07
19440 28,000,000 2.21 0.20 1.53 0.08
20830 30,000,000 2.36 0.23 1.64 0.09 0:78- 4 21 0.04
24310 35,000,000 2.76 0.31 1.92 10,13 ’ 0.06
27780 40,000,000 3.15 0.40 2.19 0.16 0.07
31250 45,000,000 3.55 0.49. 2.46 . 0.20 0.09
34720 50,000,000 3.94 0.60 2.74 0.24 1:30.5 .0.11
41670 60,000,000 4.73 0.84 3.28 0.34 156 2.4/ 0.15
48610 70,000,000 5.52 1.12 3.83 0.45 182 292 0.20
55560 80,000,000 6.30 1.44 4.38 ‘0.57 2:08 3.22 0.26 .
62500 90,000,000 7.09 1,79 4.92 - 0.71 2234 3.057] 0.33
69440 100,000,000 7.88 2,18 5.47. .0.87. . 2160 +-02.] 0.40
83330 120,000,000 9.46 3.05 6.57 1.22 812 .92 0.56
97220 140,000,000 7.66 - 1.62- 3164 5.( ¢ 0.74
111100 160,000,000 8.76 2.07. w16 £,.cp-of 0.95
125000 - 180,000,000 S 4.68 7! 1.18
138900 200,000,000 520 Lo 1.44
152800 220,000,000 - 5,72 gl 1.72
166700 240,000,000 6:24 7.c4 2.02 .
180600 260,000,000 6576 4 24 5] 2.34
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JOOdANVH ddId NOJI ISVD
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SECTION 15

" THE ELECTROLYSIS OF
UNDERGROUND PIPE LINES AND
| ITS MITIGATION -

NE problem which may confront the engineer in
charge of a pipe line is the prevention or mitigation . .
of damage to the pipe due to stray electric currents

_in the ground. This trouble may occur where the pipe
line at some point in its length passes near the rails of an
electric railroad, and the prevalence of electrolytic cor-
_tosion has naturally increased with the growth of the street
railway systems in this country. These roads use. their
tracks to carry the current which runs their cars back tothe
power house, and where these tracks are not kept in perfect
condition a portion of this return current finds its way.
into the ground. If the various networks of pipe, which
aresoimportant to the life of the people of our cities, offer
a path for this current it is natural that some of this stray
current is carried by the pipe. At points where this cur-
rent leaves the pipe there is serious danger from electro-
lysis, and as each ampere of current may ‘remove from
the p1pe twenty pounds of iron in one year, should even a
small. amount of current be discharged from a lnmted
area, the pipe will be badly damaged.
Unfortunately it is not always possible to tell from the
.- condition of the pipe whether the trouble is electrolysis or
due to some other form of corrosion. In some instances
elaborate electrolysis surveys are necessary to-determine
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whether the cause of the trouble to the whole pipe system
is electrolytic. Damage to pipe at any particular point
may be shown by means of the Earth Current Meter,
which measures the direction and approximate magnitude
of a current entering upon or leaving a pipe line. Gen-
erally speaking, if the trouble is concentrated near the
power stations of the street railway or occurs directly
under a track leading to the power house, readings should
be made with this instrument. Although most sections
of the country are practically free from electrolysis
troubles, in view of its importance in certain places it is
worthy of some consideration here.

Many of the electric companies recognize their responsi-
bility in this matter and we find that in some cities agree-’
ments have been signed between interested parties in
which the electric railway company assumes the responsi-
bility for damage by electrolysis where proven. Even
where such agreements do not exist the courts have in
certain instances ruled that it is the duty of the railway
companies to keep their tracks in good condition so as to
minimize the trouble.

Methods of entlrely eliminating electroly51s generally
necessitate elaborate changes in the railway system that
"are either expensive to install or costly to operate. There
are, however, certain steps that the railroad company can
take at a minimum of expense which are valuable in
reducing electrolysis in underground mains to & minimum,
‘and if co-operation between the two utilities has been
established these steps are usually available.

- In the figure following, the path of current in the
usual type of electric railway is shown diagrammatically.
The current leaves the power house on the overhéad wire,
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passes through the motors on the car and returns through
the tracks to the power house. If the tracks offer much
resistance to the flow of current an excessive amount of it
leaks off the line and travels through the ground. If there
is in the ground some good conductor of electricity, such
as a pipe line, part of the current takes this easier
path, leaving the pipe for the rails as it nears the power
house. It is at this point that the greatest amount of
trouble occurs, although part of the current will leave the

D
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Single Track Electric Railway Showing the Path of Current.
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pipe line at any point where it passes near a conductor
offering less resistance in its return to the power house.

As long as the rails are kept in perfect condition there
is little tendency for the current to leave them for the
earth, and this is the most effective step that can be taken
towards ‘the prevention of electrolysis. The better the
conductivity of the track the less the danger from stray
currents, and for this reason it is important that the joints
between two adjoining rails be kept in good condition.
In fact the resistance of a rail joint should not be greater
than the resistance of ten feet of rail. In a properly con-
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structed track either the rails are welded together, forming
a continuous line, or a heavy copper band is securely
fastened to the ends of adjacent rails bridging the joints.
As insurance against the temporary failure of one of these
joints it is important to have at regular intervals cross
bonds between the two lines of rails in a track. These
bonds permit the interchange of current between the rails
in case a high resistance joint occurs in one of them. In
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Proper Bonding for a Street Railway.

a well maintained track these cross bonds are usually4
placed from 200 to 500 feet apart.

It is very important that heavy cables be laid.around
all track intersections or switches, which from their nature
. introduce resistance into the track. These cables should
be large enough to carry all the current and should be
carefully inspected at regular intervals to insure their
being in perfect condition.

_A properly constructed and drained road bed is very
useful in preventing electrolysis. Dry rock ballast is a
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very poor conductor of electricity and the use of this kind

of material in track construction cuts down the amount

of current leaking into the soil.

Whether it is possible to obtain the co-operation of the
electric company or not there are certain steps in the
prevention of electrolysis which may be applied to the
pipelineitself. Much has been written as to the efficiency
of insulating coatings applied to the line. It is true that
if a perfectly water tight coating could be applied to the

pipe electrolytic damage would be avoided. However; the .

difficulty in obtaining an absolutely continuous coating
makes this method of mitigation unsatisfactory. In fact
an effort to protect the line by means of special coatings
may even be dangerous as it may serve to concentrate the

corrosive action where the current leaves the pipe on small .

areas where the coating has failed, and this results in deep
pitting. - It has been suggested that the use of protective
coatings in the areas where the pipe is picking up current
might be of value as protective coatings on pipe at these
points would increase the resistance of the path between
the soil and the pipe and cuts down the amount of current
picked up. However, the difficulty of definitely de-
termining the right areas in which to use this protection
makes it inadvisable to use any coating other than the

regular tar coating furnished on pipe.

A method often suggested for ehmmatmg electrolysis is
pipe drainage. This consists of connecting the pipe line
near the power house to the negative busbar or to the
rails by means of a cable. At first glance this would
seem to be a good method, but careful study shows that
by making the path of the current along the pipe easy to
follow the amount of current flowing on the line is in-
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creased and trouble may result. This type of electrolysis
mitigation should never be used except after a careful

study of the situation by an expert and then only in con-
junction with other mitigative measures.

For a new pipe line probably the best method of pre-
" venting electrolysis troubles is to use insulating joints for
the pipe. To be satisfactory the joints must be insulating
to such an extent that they prevent the line from being a
good conductor. All joints should offer high resistance
to the flow of current, as the introduction of one or two
high resistance joints in a line may cause additional dam-
age where the current leaves the pipe for the earth to pass
around the joint. For this reason insulating jointing
compounds should not be used for repairs in existing lines
where the original joints were of lead. The use of insulat-
ing joints in making up lines which tie into existing net-
works usually will not of itself change the electrolytic
condition of the system, as no current will flow over the
new line,

Insulating _joint_s_ may be made of cement or leadite.
The first mentioned material is widely used for gas lines
and gives very satisfactory results. It may, however, be
necessary to use wooden rings in the base of the bell to
prevent contact between the bell of one pipe and the spigot

" of the adjoining pipe. The gas company in one of the
largest cities of the East uses this type of joint with
marked success although the water company of the same
city reports considerable trouble from electrolysis. Leadite
is a useful insulating material and due to the ease with
which it is handled as well as the satisfaction it affords for
use with medium water pressures it deserves careful con-
sideration in the installation of new lines.
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In laying a pipe line it is very important to place the
pipe as far away as possible from the street car tracks and
other conductors. This has a very marked effect in pre-
venting electrolysis and the reason is obvious when we
consider that the resistance of the soil may be high and
increases with the distance that the current has to flow
through it. Care in locating pipe lines in regard to the
tracks will invariably reduce electrolysis trouble.

The importance of electrolysis in certain sections is
obvious when we consider that stray electric currents
attack all the various types of pipe used for water and gas
distribution. With metal pipe of the various kinds the
resistance which they offer to this damage depends to a
great extent on their thickness. At first glance it might
appear that concrete pipe would be free from this trouble,
but such is not the case, as the current working through
the cement may attack the reinforcement, causing the
cement to crack off and resulting in the early failure of
the pipe.

From the above it will be seen that where there is a
possibility of electrolytic trouble it is important that the
railway company keep the track bonds in good condition
and their road bed clean and dry. The man in charge of
the pipe line can do his part in preventing electrolysis by
the use of insulating joints with his pipe as well as by
care in the location of new lines, good results being ob-
tained by carefully locating pipe lines with regard to the

various other conductors.
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SECTION 16

FAILURES OF WATER CONDUITS IN
'SERVICE AND THEIR PREVENTION

" "W TOTHING is more necessary to the comfort and
N “health of any community than an ample supply of
_ pure water. - For this reason the failure of pipe
lines carrying water is of vital importance to every person
in a community and any step that will make this service
more * dependable ‘is worth consideration. The results
of an investigation of all breaks reported as having oc-
curred in cast iron pipe lines carrying water are given in

* . the following pages and we believe that a consideration of

the causes of pipe failures described will enable those in
charge- of pipe hnes to avoid breaks whlch mlght
otherwise occur. .

The -importance of the water supply of a commumty
lends to any break in this service a news value which far
exceeds the actual importance of the failure. For this
reason, newspaper clippings supply an accurate record of
most of the breaks in water pipe lines occurring in this
country. With these clippings as a basis, form letters
have been sent out addressed to the Superintendent of
Water Works in the cities where the breaks occurred
asking for general information regarding these failures.
The letter explains that the information requested will be
of value in avoiding similar breaks in the future, and it
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speaks well for the spirit of co-operation of this group of
men that replies have been received to over 609, of these
letters.

. . Sept. 1, 1916
SUMMARY OF FAILURES IN CAST | to
IRON WATER MAINS Sept. 1, 1925

CAST IRON PIPE )

. Breaks in modern cast iron pipe.........vvveeeeenian.s 285

Breaksin pipe made by old method, 4. ¢., cast on the side. " 34
Breaks m pipe cast in Jocal foundries without proper equip-

Total Failures in Cast Iron Lines.......... AN 335
Faxlure Due to Blowing out of Lead Calkmg Material. . .... w89
Failures Reported as Cast Iron, Agtually Other Matenal. e 62"
Breaks Reported in Error; No.Failure in Pipe.....:i....... LT44

Total Breaks Investigated...... Celeeeneae et 530

>SUMMARY~ OF BREAKS IN MODERN CAST IRON PIPE

Causes of Fallures in Cast Iron | Distribu~ .

Pipe Exclusive of J. omt Failures tion Supply Total
Settlement of earth under pipe. ... 58 .19 L TT
Settlement of- walls, etc,, on plpe. . 4 -1 5

| External blow: ... . ovu.n i oL 32 30 . 62
- Longitudinal expansxon of pipe.. .. . 2 2
FElectrolysis 10 .. 10
Freezing: . 25 2 27
Pressure increase..... ... e 16 5 21
Vibration..........ccoviviinnnn, 11 4 15
Poor construction............... 1 4 .5
Water hammer........ ... AR 7 3 10
Restingonrock................. 1 4 5 9
Miscellaneous..... [ P 2 s 2
Defective pipe....... 11 4 15
Cause unknown.....i..viveeenn, 22 "3 ‘25
203 82 285

“There is some difficulty in definitely classifying the
“causé of the various breaks. For instance, an old pipe
may carry water for years in spite of a minor defect that

* only discloses itself when a nearby excavation causes the
line to settle. In such a case it is reasonable to assume
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that the pipe would have continued to give perfect service
if the undue strain had not occurred. Therefore, wherever
possible, the break is classified by the immediate cause of
the failure. ‘

Joint Failures. Undoubtedly the majority of leaks in
water mains are due to the blowing out of the lead used for
calking. Carelessness in laying pipe invariably results in
a great deal of joint trouble, and even a line perfectly

Lead Forced from the Bell of a Valve by Pulsation.’

* installéd may develop some leaks if the ground through
which the line runs isnot solid: One typical city of 150,000
inhabitants in the middle west reports an average of twenty
leaks a year, and of this number 857, are joint failures.

On old lines it was sometimes customary to tie plugs or
- sharp bends into pipe lines by means of steel straps or to
place wooden stakes back of the fittings to prevent shift-
ing. - Blow outs usually occur after these wooden stakes
have rotted or the steel straps corroded and failed. Prob-
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ably the safest method of holding 4 fitting in place is by
means of a block of concrete. ) »

‘We must expect to find occasional joints which fail due
to poor calking, although these are usually discovered in
the test of the line in the trench.. If such poorly calked
joints exist in an untested line they are almost certain to
fail eventually under a sudden increase of pressure or even
under the steady pulsation of the water. For this reason
a service test after the pipe is in the trench and before
back-filling is desirable on any pipe line.

Cast Iron Pipe Breaks. History has shown that cast
iron pipe is literally “GOOD FOR CENTURIES,” how-
ever, even cast iron pipe must be laid with a reasonable
amount of care. Pipe are cast in twelve foot or longer
lengths and are intended to- carry water. They are not
designed to act as beams, and most failures are the result
of subjecting pipe to bending stresses.

Settlement of Supports. The number of conduits run-
ning under the streets of a modern city is really astonishing
and it is not surprising that it is difficult to dig up one line
without affecting several others. “Careful excavation and
sheeting will prevent trouble. However, as several utilit;
have conduits under the streets it is sometimes difficult -
to obtain the necessary co-operation. When excavations -
are being made near water lines it is important that a
careful check on the work be made by the water depart-
ment to see that proper precautions are taken to protect
their lines.

Here again the tendency of unprotected wood to rot
causes trouble. Many -installations-are laid temporarily
on wood piles; later in the rush of work permanent sup-
ports are forgotten until at last the wooden supports give
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way resulting in a serious break. Whenever it is necessary
- to place pipe on supports it is a real economy to make
these supports of concrete or masonry and be sure that
they are permanent. » , _

Pipe lines must often be laid across shifting ground, and
these lines are always subject to breaks. In fact, the
tendency in modern pipe line construction is to support
each length of pipe on concrete piers in passing through
such ground and extending to solid earth.

There are a few cities in this country that are built over
extensive coal mining operations and in these cities the

Pipe Supported on Concrete Piers

lines are subjected to continuous strains. - Breaks become
a part of the regular routine and no precautions will pre-.
vent their occurrence. One superintendent stated that
they experienced several hundred breaks in distribution
lines and services in one year and it is only by continuous
effort that the lines in these localities are kept in repair.
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Occasionally washouts, due to heavy rains, cause breaks
by undermining the pipe. This can be avoided by careful
construction. However the constantly changing channel
in rivers and streams take a regular toll in breaks of the.
submerged supply lines. Better engineering practice in
anchoring lines and in trenching for submerged pipe is
gradually eliminating such breaks.

One of the most widely discussed breaks which has
occurred in some years, that of the 42-inch line in Copley

Pipe Line Completely Exposed by Washout of the Supporting Fill

Square, Boston, was due primarily to settlement. Some
time previous to the-break, which occurred in 1916, a
concrete sewer had been built under the pipe and the lower
portion of the pipe embedded in the concrete. This held
the pipe rigidly at one point so that a very slight settle-
ment at the other end of the pipe resulted in severe strain
and ultimately in the breaking of the pipe. :
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External Blow. Almost one-eighth of the breaks in-
vestigated were caused by subjecting the pipe to a heavy
blow. The danger of such a blow is greatest before the
pipe is covered. In back-filling it is important to avoid
rolling heavy rocks into the trench so that they will strike
the pipe. It is sometimes necessary to lay pipe without
cover in crossing bridges. These lines are in constant
danger from automobiles and trucks, and in several
instances falling trees have broken such lines. Submerged

Cast Iron Pipe Exposed by Blastihg

linés, unless la1d in a trench, are often broken by anchors
or dredge buckets.

Even with several feet of earth over the pipe they are
not absolutely secure and pile drivers often pierce pipe
lines when a careful record of their location is not kept.
Blasting is sometimes carelessly done without sufficient
‘protection being provided for nearby pipe lines, and in at
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least two instances pipe lines were maliciously dynamited
to injure the companies supplied.

The most remarkable instance that has come to our
attention happened in New York. A heavy machine was
being lifted up the side of an office building. The machine
slipped from the ropes eleven stories in the air. It
crashed through the sidewalk and struck a six-inch cast

_iron pipe. It is probable that this pipe prevented the

machine from plunging into the subway, which would
undoubtedly have resulted in heavy loss of life.
Settlement of Structure Crushing Pipe. Another way in .
which settlement will result in broken pipe may be cited.
If any heavy structure, such as a bridge or foundation
wall; is placed so that it rests on the pipe a very slight
settlement will be sufficient to crush the pipe no matter-
how carefully made. .
" Here again co-operation with other departments of the
city is essential. It is not only necessary for the water
superintendent to use ‘care in the layout of his lines but

* also the sewer and even the highway department must be

informed of the location of important lines so that they can

be avoided when other work is being laid out.

Longitudinal Expansion. In laying cast iron pipe in
cold weather it is better not to place the spigot end in con-
tact with the bottom of the bell of the next pipe, as a small
allowance is necessary to take care of the natural expansion
of the pipe as the temperature rises. Few people realize
that a pipe line expands over a foot in every mile during
the change from winter to simmer temperature. Under
the conditions mentioned above a break may occur
although ordinarily this change in length is easily taken
care of in the regular bell and spigot joint.
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_ Freesing. Except at points where water lines are
carried across bridges or otherwise exposed there is little
danger of breaks due to freezing. It is customary in the
north to place pipe lines from five to six feet under the
surface, and as frost seldom penetrates to this depth this
affords ample protection from freezing. Investigations
recently completed show that larger lines carried across
bridges are immune from freezing if a constant flow
through them is kept up. However, for smaller lines or

-

Wocden Protection Over a Pipe Line at Bridge Crossing

lines where the flow is intermittent it is better to en-
close the pipe in a wooden box or with a sheet metal
cover over a coating of felt.

Vibration. Unusual care should be taken where a pipe
line passes under railroad tracks or highways subjected to
‘heavy traffic. In some soils vibrations are transmitted
many feet and these vibrations subject the pipe and joints
to severe strains. By placing the lines at considerable
depth under such crossings and by using care that the
earth supporting the pipe is firm and level trouble can
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often be avoided. However, it has been recommended
that important lines under railroad tracks be placed in a
tunnel or conduit of a larger size than the pipe, thus
effectively eliminating the vibration.

Contact With Rock. In laying pipe it is very important
to have the bottom of the trench level and free from rocks.
Some of the worst breaks that have ever occurred have

Pipe Broken Directly Under a Rail Joint

been the result of allowing the pipe to rest on a stone.
This may not cause an immediate failure, but during years
of service the natural pulsation of the water in the line
results in strains in the metal at the point of contact Whlch
finally causes a break.

Water Hammer. Careful engineering has reduced to a
great extent the number of failures due to water hammer.
The necessity for installing air valves at the high points of
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any long line is now recognized as well as the advantages
of an air chamber of sufficient size to control the surges.
It is well to remember that.air in any line is dangerous
and wherever possible it should be removed in filling the
pipe, care on this point reduces water hammer to a
There are several other minor causes of main failures
which can be avoided by care in construction. Electrolysis

Large Rock Directly Under Break in Pipe

which is sometimes considered unavoidable may be minim-
ized by the careful design and installation of a main.
Electrolysis mitigation 1is discussed more in detail
elsewhere. '
Injury to the Pipe Before Laying. Occasionally the
investigation of a break discloses the fact that the pipe
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was injured before laying. This trouble can be avoided
by exercising a reasonable amount of care in handling the
pipe. All cast iron pipe is subjected to a hydraulic test
at the foundry to at least twice the working pressure, and
up to the time of shipment the pipe must be free from
incipient cracks. However, if for any reason the pipe is
transferred while en route it may be injured. For this
reason it is important to inspect the pipe carefully when

Careless Unloading Resulting in Serious Damage to Pipe

accepting it from the railroad. By order of the Interstate
Commerce Commission carriers cannot pay claims for
damage or loss unless the consignee immediately notifies
the railroad agent at destination in writing in order to

‘enable the railroad to check the final claim when pre-

sented. For this reason if damage in transit is found
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a notation of breakage on’' the freight bill should be ob-
tained from the agent. In unloading from the cars and
trucking to the line a reasonable amount of care should be
exercised to prevent injury and as a precaution each
length should be “rung” before laying. :
Old Cast Iron Pipe. The first cast iron pipe used in
this country has been in service over one hundred years
and there are many miles of this early pipe. still in use.
In view of the difficulties under which this pipe was made

Effect of Santa Barbara Earthquake on Surface Structures

at that time it is not remarkable that it should sometimes
fail under the increased strains of modern service. The
remarkable record that this pipe has made amply justifies
the judgment of those early city fathers that authorized
its installation. Not so easy to understand, however, is
the installation at this time, when standard pipe is avail-
able, of inferior pipe made in local foundries without
adequate equipment for either the manufacture or ‘the
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testing of the pipe. Yet the record of breaks shows that
this is sometimes done. This record would be much worse
except for the omission from the summary of breaks
occurring in one well known pipe line. In two and a half.
miles of thirty-inch pipe over cne hundred breaks are
reported as occurring in twenty years’ service. This
pipe was purchased from a foundry which has since dis-
continued the manufacture of pipe, and this trouble was
-due to the high phosphorus content of the iron. Analysis
“shows that the pipe contains 1.33%, of phosphorus, which
is a far higher percentage than allowed by Amencan
Manufacturers today.

That cast iron pipe properly installed is permanent has
been clearly shown by the way this pipe has withstood the
' strains set up by earthquakes. In the disastrous quake
at Santa Barbara only three breaks, one of which was
caused by a falling wall, occurred in the one hundred
twenty-four miles of cast iron mains in usein the city. -

Cast iron pipe with bell and spigot joints is amply.
durable to withstand the: ordmary strains of service and,
properly 1nsta11ed it is good for centuries,
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1.ong Water Supply Line Laid Through Rolling Country
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CAST IRON PIPE IN THE WATER SYSTEM
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Cast Iron Pipe in the Filter Gallery
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A 36-inch and a 20-inch Bell anthpigot Gas Line

in the Same Trenc
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Valve House in a Large Gas Plant
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48. ifxch Plain En& Gas Pipe with Dresser Couplings
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High Pressure
Fire Line

Railway Culvert
Under Deep Fill
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.. In 2 Sewage Disposal Plant
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S B Spray Cooling Pond Piping
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CAST IRON PIPE IN POWER STATIONS
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CAST IRON PIPE IN CHEMICAL WORKS'

Sulphuric Acid Coils

Acid Distributing Piping -
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CAST IRON PIPE FOR COLUMNS

Cast Iron Pipe Columnsin Warehquse Construction
Cast Iron Pipe Columns Are Fire Resisting




USEFUL TABLES

SECTION 18

USEFUL ENGINEERING TABLES
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Equivalents of Fractions of an Inch

Fractions Decimals| Milli- Fractions Decimals| Milli-
meters meters
Y64 | 0156251 .3969 8344 | .515625| 13.0966
342 .03125. L7937 1242 .53125 | 13,4935
34e | .046875( 1.1906 85¢4 | .546875| 13.8904
He .0625 1.5875 || %6 . .5625 14.2872
564 | .078125; 1.9843 8744 | .578125| 14.6841
342 .09375 | 2,3812 1943 .59375 | 15.0810
Z4a | 109375 2.7781 8964 | .609375| 15.4778
14 .125 3.1749 54 .625 15.8747
%4 | .140625 3.5718 4344 | .640625| 16.2716
582 .15625 | 3.9687 2142 .65625 | 16.6684
114e | 171875 4.3655 43464 | .671875) 17.0653
346 .1875 4.7624 || 134 .6875 17.4622
. 1844 | .203125| 5.1593 4564 | .703125! 17,8591
142 - | .21875 | 5.5561 2342 .71875 | 18,2559
1564 | .234375] 5.9530 4764 | .734375| 18.6528
U 5 6.3499 31 .75 19.0497
1764 265625| 6.7468 4944 | .765625 19.4465
%2 28125 | 7.1436 2542 78125 | 19.8434
’ 194 296875} 7.5405 5144 796875 20.2403
e 125 7.9374 || 13{¢ 8125 20.6371
236e | .328125| 8.3342 5344 | .828125| 21.0340
1342 34375 | 8.7311 2742 84375 | 21.4309
2344 359375 9.1280 5544 859375| 21.8277
34 75 9.5248 % - .875 22.2246
2544 | .390625 9.9217 5%64 | .890625| 22.6215
184, : .40625 110.3186 2949 .90625 | 23.0183
2%%4 421875/10.7154 5%4 | .921875 23,4152
He : L4375 [11.1123 || 1544 .9375 23.8121
294 453125]11,5092 6144 | .953125] 24.2089
1540 .46875 (11,9060 8342 .96875 | 24.6058
815, | .484375|12.3029 6344 | 984375 25.0027
34 .50 12.6998 1 1.00 25,3995
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Millimeters and Equivalent Decimals and Nearest

One Millimeter =.03937”

Fractions of Inches

One Inch =25.40 Mill.

Inches

Milli-

meter Nearest Nearest
i Decimal Fraction Decimal .Fraction
1 .03937 S$64 2.00787 23g,
2 .07874 544 2.04724 2344
3 .11811 % 2.08661 2564
4 .15748 542 2.12598 2%
5 .19685 1344 2.16535 2542
6 .23622 1% 4 2.20472 21844
7 .27559 Yo 2.24409 234
8 .31496 e 2.28346 294,
9 .35433 2884 2.32283 2814,
10 .39370 2564 2.36220 2282,
11 .43307 e 2.40157 2134,
12 47244 15¢, 2.44094 2U ¢
13 .51181 13 2.48031 231g
14 .55118 S5¢4 2.51968 28344
15 .59055 19¢ 2.55905 2% ¢
16 162002 87 2.50842 219¢,
17 .66929 4344 2.63779 2412,
18 .70886 4544 2.67716 2484,
19 .74803 34 2.71653 2284,

.20 . .78740 2540 2.75590 284
21 .82677 5344 2.79527 25344
22. .86614 55¢, 2.83464 25364
23 .90051 29, 2.87401 2%%
24 .94488 154¢ 2.91338 2294,
25 .98425 8384 2.95275 281¢,
26 1.02362 1364 2.99212 2834,
27 1.06299 11{¢ 3.03149 334,
28 1,10236 1764 3.07086 3544
29 1.14173 1%44 3.11023 3%4
30 1.18110 1%6 3.14960 3542
31 1.22047 1%2 3.18897 33{,
32 1.25984 115 3.22834 3186,
33 1.29921 1194, 3.26771 31744
34 1.33858 111, 3.30708 3% ¢
35 1.37795 184 3.34645 3112,
36 1.41732 12744 3.38582 325844
37 1.45669 1296, 3.42519: 32764
38 1.49606 14 - 3.46456 ; 3184,
39 1.53543 1194, 3.50393 334
40 1.57480 18744 3.54330 385¢4
41 - 1.61417 1394 4 3.58267 33744
42 1:65354 121¢, - 3.62204 3‘}%§
43 1.69291 11146 3.66141 3214,
44 1.73228 1478, 3.70078 345¢4
45 | 1.77165 14984 3.74015 34744
46 1.81102 lli/ge 3.77952 3254,
47 1.85039 12744 3.81889 313{q
48 1.88976 1576, 3.85826 35564
49 1.92913 1594, 3.89763 35764
50 1.96850 1834, 3.93700 3184
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Equivalents of Measure

LENGTHS
1 meter, m =10 decimeters, dm = 100 centimeters, cm = 1000 millimeters, mm.
1 meter, m'=0.1 decameter, dkm =0.01 hectometer. hm =0.001 kilometer, km.
1 meter, m =39.37 inches, U. S. Standard =39.370113 inches, British Standard.
1 mllllmeter. mm = 1000 microns, p. =0.03937 inch = 39.37 mils.

Meters, |Inches,| Feet, | Yard, | Rods, | Chains,| Miles, U. S. Kilo-
m . in. t. yd. T, ch, meters,
. Statute[Nauticall km.

1 39.37 [3.28083|1.0936110.19884/0.04971|0.36214|0.35396; 0.001
0.02540 1 0.08333(0.02778|0.35051|0.21263|0.31578|0.31371 0.32540
0.30480 12 1 ]0.33333|0.06061{0.01515/0.351894|0.81645| 0.33048
0.91440 36 3 1 0.18182(0.04545|0.35682/0.34934( 0.39144
5.02921 198 16.5 5.5 1 0.25 ]0.23125(0.22714] 0.35029
20.1168 792 66 22 4 1 0.01250/0.01085| 0.02012
1609:35 | 63360 | 5280 1760 320 80 1 0.86839| 1.60935
1853.25 |72962.5/6080.20(2026.73/368.497(92.1243{1.15155 1 1.85325

1000 39370. (3280.83/1093.61|198.838|49.7096!0.62137]0.53959 1

1 yard, U, S.=1,0000029 yards British. 1 yard British=0.9999971 yard U. S.
1 chain, Gunter’s=100 links, 1 link=7.92 inches,
1 cable length, U, S. =120 fathoms =960 spans = 720 feet =219.457 meters,
1 league, U. S.=3 statute miles =24 furlongs.
1 mtematlonal geographlcal mile="1{;° at equator =7422 m
=4.611808 U. 8. statute miles.
1 mternatlonal nautical mile=}§o° at mendlan= 1852 m
- =0.999326 U. S. nautical miles.
1 U. S. nautical mile=14,° of circumference of sphere whose surface equals that
of the earth=6080.27 feet =1.15155 statute miles =1853.27 meters.
1 British nautical mile =6080.00 feet =1.15152 statute miles = 1853.19 meters.

SURFACES AND AREAS
1 sq. meter, m?= 100 sq. decimeters, dm?= 10000 sq. centimeters, cm?,
1 sq. meter, m2= 0,01 are, a3 =0.0001 hectare, ha.
1 sq. millimeter, mm?=0.01 cm?=0.00155 sq. inch=1973.5 circular mils.
1 are, a =1 sq. decameter, dkm =0.0247104 acre.

Sq. |- Sa. Sq. Sq. | Sq. Hec- | Sg. [Sq. Kilo-
Meters, | Inches, | Feet, | Vards, | Rods, Acres, | tares, | Miles, | meters,
m? sq.in. | sq.ft. |sq.yd.| sq.r. a ha. |Statute| km?

1 1550.00{ 10.7639(1.19599|0.03954|0.32471/0.0001 {0.§3861; 0.51
0.36452 1 0.36944|0.37716|0.342551/0.51594(0.76452(0.52491{0.36452
0.09290| 144 1 0.11111|0.23673/0.32296(0.59290|0.33587,0.79290
0.83613] 1296 9 1 0.03306{0.32066|0.38361(0.83228(0.§8361
25.2930( 39204 | 272.25 | 30.25 1 0.00625]0.22529|0.59766/0.42529
4046:87(6272640 .| 43560 4840 160 1 0.40469(0.21563|0.34047

10000 (15499969 107639 {11959.9(395,366(2.47104 1 0.33861| 0.01
2589999 27878400:3097600| 102400] 640 |259.000 1 2.59000
1000000 10763867 119,5985 39536.6[247.104] 100 [0.38610 1

1 8q. rod, §q. pole, or sq. perch = 625.8q. links = 3{ ¢ acre.
1sq. cham. Gunter’s =16 sq. rods=={ acre.
1 acre=4 sq. roods =160 sq. rods. Square of 1 acre =208.7103 feet square.

Notations 3. 3, &, etc., indicate that the 2, 3, &, etc., are to be replaced by 2, 3, 4,
etc., ciphers. ’
EXAMPLE—1 8Q. rod = 0.59766 =0.000009766 sq. miles.

Printed through the courtesy of the Carnegie Steel Company.
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Equivalents of Measuré

VOLUME AND CAPACITY
1 cu. meter, m3 = 1000 cu. decimeter, dm3 =1000000 cu. centimeters, cm3,
1 liter, 1 =10 deciliters, dl =100 centiliters, c1=1000 milliliters, m!=1000 cu. centl- ’

meters, cm3. or.cc, .
1 l_lter. 1'=0.1 decaliter, dkl1=0.01 hectoliter, hl=1 cu. decimeter, dm3.

Cubic
Deci- | Cubic | Cubic | Cubic | U.S.Quarts | U.S.Gallons | y, g,
meter, |Inches,| Feet, | Yards, |Liquid,] Dry, |Liquid,] Dry, | Bushels,
.dm3,1 | cu.in. | cu.ft. |cu.yd.| L. qt. } d.qt, | 1. gal..| d. gal. bu.

1 61.02340.03531:0 §1308 1.05668{0.90808/0.26417/0.22702( 0.02838
0.01639 1 0.35787({0.32143(0.01732(0.01488(0.34329(0.33720] 0.34650
28.3170 | 1728 1 0.03704(29.9221|25.7140|7.48055|6.42851| 0.80356
764.559 | 46656 27 1 807.896,694.2791201.974(173.570} 21.6962
| 0.94636 | 57.75 |0.03342{0.31238 1 0.85937| 0.25 -|0. 21484 0.02686
1.10123 (67.2006/0.03889(0.21440(1.16365 1° 10.29091) 0.2 0.03125
3.78543 231 10.13368|0.34951 4 3.43747 1 0. 85937 0.10742
4.40492 1268.803/0.15556 4.65460 4 1.16365| 1 0.125
35.2393 [2150.42|1.2444610. 04609 37.2368! 32 .19,30920 8 1

O

-
[
=3
(=3
-

U. S. Dry Measure: 1 bushel =4 pecks=8 gallons=32 quarts =64 pints.
U. S. Liquid Measure: 1 gallon=4 quarts=8 pints= 32 gills =128 fluid ounces. X
U. 8. Apoth, Measure: 1 fl. ounce, {5 =8 fl. drams, {3 =480 minims, m=29.574
cu. centimeter, cm$
Bntlsh Imlpenadl galllon dry and liquid measure =1.03202 U. s. dry gal.=1.20091
.’S. liquid gal.
Brmsh Imperial gallon=277.410 cu. in.=4545.9631 cm3.
Weight of water at maximum density, 4°C, 45° Lat., and sea level,
1 cu, ft. =62. 4283 1bs. av.=28 3170 kg. 1 cu. in.=0.57804 oz. av.=16. 3872 2.
1 gal., U. S. liquid = 8,34545 1bs, =3.78543
1 gal., British Imperial =10.0221 Ibs, =4. 5459631 kg.

MASSES AND WEIGHTS

1 gram, g =10 decigrams, dg =100 centigrams, ¢g =1000 milligrams, mg.
1 gram, g=0.1 decagram, dkg=0.01 hectogram, hg =0.001 kilogram, kg.

‘| 1 kilogram, kg=1 cu. decimeter of water or liter, 4°C, 45° Lat. and sea level—'

15432.35639 grains, U. S. and British Standard.

Kilo- Ourices | Pounds "~ Tons
. grams, | Grains, Net, | Gross,

kg, gr. Troy, | Avoir, | Troy, | Avoir, | Short, | Long, | Metric,
. oz.t. {oz.av.| lb.t. | 1b.av. [20001bs.|22401bs.| 1000 kg.

1 15432.4 |32.1507(35.2740/2.67923|2.20462|0.21102/0.39842) 0.001
0.36480 1 0. ’2083 0.32286 0.31736/0.31429 0.57143 0 0
0.03110 480 1.09714{0.08333/0. 06857 0.§3429/0. 0.
0.02835 | 437.5 (0. 91146 1 10.07595/0.06250/0.53125]{0.42790/0.42835
0.37324 5760 12 |13.1657] 1. 10.82286{0.34114/0 0.
0.45359| 7000 |14.5833| 16 [1.21528 1 0.00050{0. 4(0.3
907.185 :[14000000,29166. 7| 32000 [2430.56; 2000 1 0.89286/|0.90719
1016.05 [15680000/132666.7; 35840 |2722.22| 2240 1.12 1 1.01605
1000 [15432356/32150.7|35274.0{2679.23/2204.62(1.10231i0.98421 1

1 ounce avoir. =16 drams. avoir. 1 ounce troy'=20 pennyweight, dwt.
t ounce apoth., 5 =8 drams, 3 =24 scruples, § =480 grains, gr=231.1035 g.

} 1 hundredweight = 144 long ton =4 quarters=8§ stone =112 1bs. = 50.8024 kg.

Notations 3, 3, o. etc., indicate that the g, , 4, etc., are to be replaced by 2, 3, 4,
etc., ciphers.
ExAMPLE—1 grain=0,32083=0.002083 oz. t. 1 grain=0.46480=0. 00006480 kg.‘
Printed through the courtesy of the Carnegie Steel Company. Lo
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Circumferences and Areas of Circles

Diam.| Circum. | Area Diam.| Circum.| Area Diam.| Circum.| .Area..
e .04909| .000191|213{¢ 8.4430{ 5.6727|| 7 21,991 | 38.485 .
344 09818 77 8.6394| 5.9396 % 22.384 | 39.871
364 14726 .00173| 13{¢ 8.8357] 6.2126 A 22.776 | 41,282
He 19635 00307(| 2 9.03211 6.4918 % 23.169 | 42.718
2 20452 00690 || 13{¢ 9.2284] 6.7771 é 23.562 | 44.179
% 39270f .01227 9.4248| 7.0686 23.955 | 45.664
54a 49087 01917 6 9.62111 7.3662 34 24.347 | 47.173
6 .58905 02761 || 3¢ 9.8175) 7.6699 7/2 24.740 | 48.707
162 68722 03758|| 34e 10.014 7.9798|| 8 25.133 | 50.265
b .78540 04909 || 34 10.210 8.2958 % 25.525 | 51.849
2 88357 06213 ge 10.407 8.6179 1 25.918 | 53.456
e .98175 07670 10.603 8.9462 9% 26.311 | 55.088
1144 | 1,0799. 09281 %is 10.799 9.2806|[ 14 26.704 | 56.745
3¢ 1.1781 11045 4 10.996 9.6211 5¢ 27.096 | 58.426
1344 | 1.2763 .12962 &gs 11.192 9.9678 3 27.489 | 60.132
e 1.3744 .15033 | & 11.388 | 10.321 7/% 27.882 | 61.862
1864 | 1.4726 .17257(f 13{g | 11.585 | 10.680 9 28.274 | 63.617
bed 1.5708 .19635 || 32 11.781 | 11.045 14 28.667 | 65.397
1744 | 1.6690 .22166| 134¢ | 11.977 | 11.416 3 29.060 | 67.201
UHe 1.7671 .24850(( 74 12.174 | 11.793 5% 29.452 | 69.029
18¢4 | 1.8653 .27688 | 18{g | 12.370 | 12,177 - 14 29.845 | 70.882
5% 1.9635 .30680(|4 12.566 | 12.566 54 30.238 | 72.760
3l¢q | 2.0617 .33824( X6 12.763 | 12.962 34.. | 30.631 | 74.662
125 2:1598 .37122(| 1g 12.959 | 13.364 % 31.023 | 76.589
2342 | 2.2580 .40574]| % 13.155 | 13.772 |10 31.416 | 78.540
A 2.3562 .44179(| 34 13.352 | 14.186 ||. 14 32.201 | 82.516,
25¢4 1°2.4544 479371 54 13.548 | 14.607 || . }% 32.987 | 86.590
1%5 2.5525 .51849(| 3¢ 13.744 | 15.033 34 33.772 | 90.763
27¢2 | 2.6507 .559141 g 13.941 | 15.466 ||11 34,558 | 95.033
7% 2.7489 .60132{| 3% 14.137 | 15.904 }é 1 35.343 | 99.402
3949 | 2.8471 .645041| 96 14.334 | 16.349 }3 .| 36.128 {103.87
1%5 2.9452 .69029(| & 14.530 | 16.800 34 36.914 [108.43
316 | 3.0434 .73708|| 11{s | 14.726 | 17.257 (|12 37.699 {113.10
1 3.1416 .7854 81 | 14,923 1 17.724 17| 38.485 [117.86
Y 3.3379 .8866 18461 15.119 | 18.190 }2 39:270 (122.72
% 3.5343 .9940 14 15.315 | 18.665 34 40.055 |127.68
6 3.7306 | 1.1075 18{g | 15.512 | 19.147 |I13 40.841 |132.73
4 3.9270 | 1.2272 |5 15.708 | 19.635 b 41.626 (137.89
6 4.1233 | 1.3530 %5 15.904 | 20.129 }2 42,412 |143.14
4.3197 | 1.4849 16.101 | 20.629 3 43,197 148,49
e 4.5160 | 1.6230 3{e 116.297 | 21,135 ({14 43,982 |153.94
3 4.7124 | 1.7671 17 16.493 | 21.648 p 44.768 |159.48
86 |4.9087 | 170175 ﬁ“ 16:690 | 22.166 || 34 | 45.553 [165.13
5 5.1051 | 2.0739 16.886 | 22.691 34 1.46.338 [170.87
11{¢ | 5.3014 | 2.2365 s 17.082 | 23.221 (|15 47.124 1176.71
87 5.4978 | 2.4053 14 17.279 ] 23,758 1% 47.909 182,65
134g | 5.6941 | 2.5802 e 17.475 | 24.301 }2 48.695 {188.69
14 5.8905 | 2.7612 ) 17.671 | 24.850 34 49,480 [194.83
15{¢-| 6.0868 | 2.9483 || 134¢ | 17.868.] 25.406 ({16 . 50.265 |201.06
2 6.2832 [.3.1416 bA 18.064 | 25.967 3 51.051 (207.39
;ga 6.4795 | 3.3410 1346 | 18.261.| 26.535 s 51.836 (213.82 .
.| 6.6759 | 3.5466 1% 18.457 | 27.109 3% 52.622 |220.35
.;ﬁs 6.8722 | 3.7583 15{¢ | 18.653 | 27.688 |(17 53.407 [226.98
7.0686 | 3.9761 |i6 18.850- | 28.274 1z 54.192 [233.71
;gg 7.2649 | 4.2000 % 19.242 | 29.465 ¥ 54.978 {240.53
7.4613 | 4.4301 3 19.635 | 30.680 34 55.763 [247.45
Ke 7.6576 | 4.6664 % 20.028 | 31.919 (|18 56.549 [254.47
o | 7.8540 | 4.9087 15 20.420 | 33.183 }é 57.334 (261.59
e 8.0503 | 5.1572 5% 20.813 | 34.472 13 58.119 (268.80
| 8.2467 | 5.4119 33 21.206 | 35.785 3% 58.905 {276.12
. 7 21.598 | 37.122
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Circumferences and Areas of Circles

Diam.| Circum. | Area Diam.[ Circum. | . Area Diam.| Circum.| Area’
19 59.690 | 283.53 3414 | 108.385] 934.82 50 157,080} 1963.5
171 60.476 | -291.04 34 | 109,170 948.42 51 160.221{ 2042.8
}’ 61.261 | 298.65 35 109.956] 962.11 52 163.363| 2123.7
92 62.046 | 306.35 14t 110.741} 975.91 53 166.504! 2206.2
20 62.832 | 314.16 }% 111.527] 989.80{| .54 169.646( 2290.2
14| 63.617 | 322.06 34 | 112.312] 1003.8 55 172.788| 2375.8
64.403 | 330.06 36 113.097| 1017.9 56 175.929( 2463.0
4 | 65.188 | 338.16 14| 113.883| 1032.1 57 | 179.071] 2551.8
21 65.973 | 346.36 }2 114.668| 1046.3 58 182.212| 2642.1
171 66.759 | 354.66 3% | 115.454] 1060.7 59 185.354| 2734.0
}% 67.544 | 363.05 37 116.239| 1075.2 60 188.496| 2827.4 |f
37 | 68.330 | 371.54 14 1 117.024{ 1089.8 61 191,637} 2922.5
22 69.115 | 380.13 }2 117.810| 1104.5 || "62. 194.779f 3019.1
37 1 69.900 | 388.82 84 | 118.596] 1119.2 63 197.920{ 3117.2
}} 70.686 | 397.61 38 119,381 1134.1 64 201.062| 3217.0
% 71.471 | 406.49 34| 120.166| 1149.1 65 204.204| 3318.3
23 72.257 | 415.48 }2 120.951] 1164.2 66 207.345| 3421.2
3 | 73.042 | 424.56 32 | 121.737] 1179.3 67 210.487| 3525.7
}2 73.827 | 433.74 39 122.522| 1194.6 68 213.628| 3631.7
34 | 74.613 | 443.01 }é 123.308] 1210.0 69 216.770] 3739.3
24 75.398 | 452.39 1 124.093| 1225.4 70 219,911 3848.5
171 76.184 | 461.86 % 124.878| 1241.0 71 223.053} 3959.2 |t
1 76.969 | 471.44 40 125.664| 1256.6 72 226.195] 4071.5
2 | 77.754 | 481.11 37 | 126.449] 1272.4 73 229.336| 4185.4
25 78.540 | 490.87 }2 127.235( 1288.2 74 232.478( 4300.8
371 79.325 | 500.74 94 | 128.020; 1304.2 75 235.619| 4417.9
}} 80.111 | 510,71 41 128.805] 1320.3 76 238.761| 4536.5
% 80.896 | 520.77 14 1 129.591} 1336.4 77 | 241.903| 4656.6
26 81.681 | 530.93 . }2 130.376| 1352.7 78 245.044) 4778.4
17 | 82.467 | 541.19 34 | 131.161] 1369.0 79 248.186} 4901.7
}} 83.252 | 551.55 42 131.947| 1385.4 80 251.327) 5026.5
9% 84.038 | 562.00 14.1 132.732| 1402.0 81 254.469| 5153.0
27 | 84.823 | 572.56 }} 133.518| 1418.6° 82 257.611| 5281.0
34 | 85.608 | 583.21 % 134.303| 1435.4 83 260.752] 5410.6
}2 86.394 | 593.96 (| 43 135.088] 1452.2 84 | 263.894{ 5541.8
3% | 87.179 | 604.81 34 ] 135.874] 1469.1 85 267.035) 5674.5
28 87.965 | 615.75 151 136.659| 1486.2 || 86 270.177] 5808.8
14 | 88.750 | 626.80 © 34 | 137.445| 1503.3 87 | 273.319{ 5944.7
5 .89.535 | 637.94 44 138.230| 1520.5 88 276.460] 6082.1
4| 90.321 | 649.18 139.015| 1537.9 89 279.602| 6221.1
29 91.106 | 660.52 > | 139.801( 1555.3 90 282.743| 6361.7
121 91.892 | 671.96 4 | 140.586{ 1572.8 91 285.885| 6503.9
}j 92.677 | 683.49 45 141.372{ 1590.4 92 289.027 6647.6
% 1 93.462 | 695.13 14 | 142.157] 1608.2 93 292,168} 6792.9°
30 94.248 | 706.86 }2 142.942) 1626.0 94 295.310] 6939.8
34 | 95.033 | 718.69 34 | 143.728] 1643.9 95 298.451} 7088.2
}2 95.819 | 730.62 46 144.513| 1661.9 96 301.593] 7238.2
35| 96.604 | 742.64 ié 145.299| 1680.0 97 304,734 7389.8
31 97.389 | 754.77 146.084| 1698.2 98 307.876| 7543.0
ﬁ 98.175 | 766.99 34 | 146.869( 1716.5 99 311.018] 7697.7
98.960 | 779.31 || 47 147.655| 1734.9 || 100 | 314.159| 7854.0
34 1.99.746 | 791,73 17 | 148.440] 1753.5 101 317.30 | 8011.85
32 100.531 | 804.25 }2 149.226| 1772.1 102 320.44 | 8171.28
34 |101.316 | 816.86 34 | 150.011} 1790.8 103 323.58 | 8332.29
5 102.102 | 829.58 48 150.796| 1809.6 104 326.73 | 8494.87
© 34:1102.887 | 842.39 341 151.582( 1828.5 || 105 [ 329.87 | 8659.01
33 103.673 | 855.30 }Z 152,367| 1847.5 106 333.01 | 8824.73
317 1104.458 | 868.31 34 | 153.153] 1866.5 107 336.15 | 8992.02
}2 105.243 | 881.41 || 49 153.938| 1885.7 || 108 | 339.29 | 9160.88
34 |106.029 | 894.62 14| 154.723} 1905.0 109 342.43 | 9331.32
34 106.814 | 907.92 155.509| 1924 .4 110 345.58 | 9503.32
17 1107.600 | 921.32 4 1 156.294i 1943.9

301




CAST IRON PIPE HANDBOOK

USEFUL FORMULAE FOR ESTIMATING WEIGHTS OF

CAST IRON PIPE AND PIPE FITTINGS

PARALLELEPIPEDS
VOLUME IN CUB. INCHES = aXbXc
WEIGHT IN POUNDS=VOLUME X.26

/5L

N

CIRCLE

r = RADIUS: D = DIAMETER
CIRCUMFERENCE = 3,14 X D
AREA = 3.14 X r2
SPHERE
. 3
AREA=3.14XD2 VOLUME=3M’%’

WEIGHT IN POUNDS=VOLUME X.26

©

' TORUS
¢ VOLUME IN CUB. INCHES =
o 2 X 3.142X C X r25|
’ 19.72XC X2
WEIGHT IN POUNDS =VOLUME X.26

f

-

0

@

o
i

CIRCULAR RING

VOLUME IN CUB. INCHES =
(AREAD — AREA d)X C

WEIGHT IN POUNDS=VOLUME X.26

-

?s.

-

e

—

FRUSTUM OF CONE

VOLUM E'=g‘ X ( AREA [d] +- AREA [D]
VaRrEA[d]x AREA [D] )

WEIGHT: IN POUNDS=VOLUME X.26

SPECIFIC GRAVITY OF IRON = 7.1
ONE CUB. INCH OF IRON WEIGHS 0.26 FOUNDS
ONE CUB. FOOT OF IRON WEIGHS 450 POUNDS
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USEFUL TABLES
Specific Gravities and Weights
K Weight, Weight, -
) Specific | Pounds (S;peciﬁo Pounds
Substance Gravity per . Substance ravity per
. Cu. Ft. Cu. Ft.
Ashlar Masonry, . . Minerals .
Granite, syenite, gneiss...| 2.3-3.0 165 |[|Asbestos............... 2.1-2.8 153 -
Limestone ,marble....... 2.3-2.8 160 |[Barytes........... e 4.50 281
Sandstone, bluestone.....| 2.1-2.4) 140 gasa,lj;t ............ 2.;—252 %gg -
- Momr Rubble Masonry auxite........... .
Granite, syenite, gneiss...| 2.2-2.8| 155 ggﬁ; ---------- }-7'% 81 109
Limestone, marble. . ... .. 2.2-2.61 150 [|Ghalle. ... . 18281 13
Sandstone, bluestone... .. 2.0-2.2| 130 Dlgll’(;h; ’ﬁz‘ --------- . g‘9~ 6 ig{
Dry Rubble Masonry Feldspar, orthociase. 2.52.6| 159
Granite, syenite, gnéiss 1.9-2.3 130 {|Gneiss, serpentine. . 2'4-9.7 159
Limestone, marble. . 1.9-2.1 125 HGranite, syenite. . 2531 75
Sandstone, bluestone 1.8-1.9 110 Greenstone, trap. . 2832 187
Brick Masonry Gypsum, alabaster. 2.3-2.8 159
Pressed brick. . 2.2-2.3| 140 lornblende.. . ... 3.0 187 -
Common brick 1.8-2.0 120  ||Limestone, marble 2.5-2.8 1656
Soft brick. . .v... 1.5-1.7| 100 Il\;{fgnisxte....k.....t gg ;‘(8)3 :
Concreto Masonry 03phate rock, apal : '
Cement, stone, sand . ....} 2.2-2.4}1 144 P"" _Eyry RS 02'9:3'30 lzg
Cement, slag, etc. . .. 1.9-2.3 1 130 umice, fxilia ural 23 281 18
Cement, cinder, etc...... 1.5-1.7{ 100 g!uagtg, “{{; . . 2-2:2' 4 {27 ;
Various Building Mat'l Shale, slate. .. ..... 1 279 1
Aghes, cinders........... 40-45 |(Soangt, alo.. ..o, 2:6-2.8] 169
Cement, porttand, loose. . .90 N -
Cement, portland, get....| 2.7-8.2| -183 Stone, Quarried, Piled B :
Lime, gypsum, loose.....} . - - | .53-64 ||Basalt, granite, gneiss.. .. : 96
Mortar, get...... .ol 1.4-1.9] 103 - ||Limestone, marble, quarts| 95 ¢
Stags, bank'slag. ., .. 67-72 |{Sandstone.............. 82 -
Slags, bank sereenings. ... 98117 ||Shate. . .oonovninrens.. ' 92
S}ags, gachmedelag e 49925 Greenstone, hornblende.. . 107 -
ags, slag sand. . ....... 0 . :
Earth, ete., Excavated Jrtniriuheosol IFRTIY ERPTRS
Clay, dry........ TP 63 (|Coal, anthracite. . o 97
Clay, damp, plastic. ..... 110 {jCoal’ bitumirious. 84
Clay and gravel, dry. 100 | Goal, lignite. . .., 78
Rarth, dry, looge. ... 76 1Coal, peat, turf, dry 47 -
Earth, dry, packed. . 95 1|Goal, charcoal, pine. 23 ¢
Earth, moist, loose . . 78 Coal, charcoal: oak......lo. ' 33
Earth, moist, packed 98 |\Coal, cokes. .. ... MR 75
Earth, mud, flowing. 108 . |\Graphite. ... .. o te-2a|aat
Earth, mud, packed. 15 ||Paraffine....... .lo. . 56
Riprap, limestone. 80-85 |/Petroleum. .. ........... .87 . 54
Riprap, sandstone 90 !|Petroleum, refined. . 50
Riprap, shale.. . .. 105 _ | Potroleum, benzine . 46
Sand, gravel, dry, loose... 90-105 |1 petroleum, gasoline 42
Sand, gravel, dry, packed.| - 100-120 | [Piteh .. ... o 69
Sand, gravel, dry, wet.. .. 118-120 Tar, bituminous. . : 7%
-Exeavations in Water . N
Sand or gravel . 60 Coal and Coke, Piled
Sand-or gravel and 65 ||Coal, anthracite......... 47-58
Clay....... 80 Cozl, bituminous, Ii 40-54
River mud 90" ||Coal, peat, turf. . 20-26
3101 ST A 70  }|{Coal, charcoal.... 10-14
Stone riprap. 65 Coal, coke.............. 23-32:
The specific gravities of solids and liquids refer.to: water at 4°C., those of gases to air at 0°C,
and-760. mm pressure. The weights per cubic foot are derived from average specific gravities, except
where stated that weights are for bulk, heaped or,loose material, etc.
Reproduced from Marks Mechanical Engineers’ Handbook.
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CAST IRON PIPE HANDBOOK

Specific Gravities and Weights

-l Weight, Weight,
K Specific | Pounds Specific | Pounds
" Substance Gravity per Substance Gravity per
S e b Cu. Ft. : Cu. Fi.
Metals, Alloys, Ores Timber, U. S, Seasoned
uminum, cast-h ed| 2.55-2.75] 165 [|Ash, whitered.......... 0.62-0.65 - 40
Aluminum, bronge....... 7.7 481  (|Cedar, white-red........| 0.32-0.38 22
Brass, cast-rolled. .. .. .| 8.4-8.7] 534 ||Chestnut............... 0.66 41
Bronze, 7.9t0 14% 8n...| 7.4-8.9 509 YDYEES . e n e i 0.48 30,
Copper, castfx_'ollgd? veee 8.8-9.0| 556 ||Fir, Douglasspruce...... 0.51 32
] Co%) er, ore, pyrites......] 4.1-4.3 262 r, eastern. ..........., 0.40 25
Qold, cast-hammered . . ..[19.25-19.8] 1205 [|Elm, white............. 0.72 45
[ron, east, pig.... 7.2 450 - (|Hemlock............... 0.42-0.52 29
ron, wrought. . 7.6-7.9 485 |[Hickory.........ovenun. 0.74-0.84 49
ron, steel. . .. 7.8-7.9 490 OCUSE .+ <+ v vvevcanaanan 0.73 46
ron, spiegel-eisen. , 7.5 ‘468 ||Maple, hard. ........... 0.68 43
[ron, ferro-silicon. .| 6.7-7.8 437 ||Maple, white........... 0.53 .33
ron ore, hematite....... 5.2 325 ||Oak, chestaut........... 0.86 54
Irongre, hematitein bank, - 160-180 {10ak, live...... ceeeeeain 0.95 59
Iron ore, hematite, loose. , 130-160 |[Oak, red, black.......... © 0.85 41
Iron ore, limonite........ 3.6-4.0 237 ||Oak, white............. 0.74 46
ron ore, magnetite. .| 4.9-5.2 315 ||Pine, Oregon............[ 0.51 32
[ron, slag...... 2.5-3.0] 172 )|Pine,red.......c.c.eiis 0.48 30
Lead.......... 11,37 710  ||Pine, white............. 041 26
Lead ore, galena, 7.3-7.6 475 | Pine, yellow, long-leaf....] 0.70 44
Cveesiaseas 7.2-8.0 500 Pine, yellow, short-leaf...| 0.61 38
M j ore, pyrolusite] 3.7-4.6) 259 |\Poplar................. 0.48 30
BICULY .+« vveveuoernne 13.6 849 Redwood, California. .. .. .42 26
Nickel.......... 8.9-9.2 | 565 |{Spruce, white, black..... 0.40-0.46] 27
ckel, monel metal.... | 8.8-9.0 556 ||Walnut, black........... .61 38
Platinum, cast-hammered.} 21.1-21.5{ 1330 Walnut, white. . ... cene 0.41 26
Silver, cast-hammered. ... | 10.4-10.6/ 656 |{Moisture Contents: :
Tin, cast-hammered.....| 7.2-7.5 459 |IS d timber 15 to 209
Tin, ore, cassiterite . .| 6.4-7.0 418 [|Green timber up to 50%, .
Zing, cast-rolled.........| 6.9-7.21 440
Zinc, ore, blende........[ 3.9-4.2| 253 Various Liguids
Various Solids Aleohol, 100%. ......... 0.79 49
Cereals, cats, bulk,...... 32  [{Acids, muriatic, 40%.....[ 1.20 75
Cereals, barley, bulk. . ... 89  i|Acids, nitrie, 91%,. ...... 1.50 94
Cereals, corn, rye, bulk.. . 48 Acids, sulphuric, 87%....[ 1.80 112
Cereals, wheat, bulk..... 48 Lye, soda, 66%......... 1.70 106
Hay and Straw, bales. ... 20 [|Oils, vegetable.......... 0.91-0.94 58
Cotton, Flax, ﬁemp. e 93  |{Oils, mineral, lubricants. .| 0.90-0. 93] 57
Fats........ . 58 |{Water, 4°C, max. denisty. 1.0 62.428
Flour, loose. . 28 ||Water, 100°C........... 0.9584 59,830
-[{Flour, pressed. . 47  ||Water,ice...... Cereeeen 0.88-0. 56
Glass, common., ... 156  ||Water, snow, fresh fallen. ,125
Glass, plate or crown. 161 Water, sea water........ 1.02-1.03 64
Glass, erystal . ..... 184 '
Leather. .. 59 Gases, Afr=1
Paper..... 58 |lAir, 0°C, 760 mm........ 1.0 .08071
Potatoes, piled.. . . 42 Ammonis... .. . .. o 0.5920 .0478
Rubber, teh .| .092-0.96] 59  ||Carbon dioxide. 1.5291 1234
Rubber goods. . .., ... 1.0-2.0 94  ||Carbon monoxide........| 0.9673 | .0781
48  ||Gas, illuminating. .. .10.35-0.45.028-.036
. 67 Gas, natural .. ... ..... 0.47-0.48/.038-.039
183 96 ||Hydrogen.............. 0.0603 | 00550
.11.93-2.07) - 125 Nitrogen........ PR 0.9714 0784
1.32 82 |/Oxygen................ 1.1056 .0892

"and 760 mm pressure.

‘The specific gravities of solids and li u_ids cefer to water at 4°C., those of gases to air at 0°C.
The weights per cubic foot are derived from average specific gravities, except -

_where stated that weights ave for bulk, heaped or loose material, ete.

Reproduced from Marks Mechanical Engineers’ Handbook
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USEFUL TABLES

Sand and Stone Measured Loose

Quantities of Material for Concrete

Based on 3.8 Cubic Feet per Barrel of Cement (4 Sacks per Barrel),
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908

Quantities of Material for Concrete
Based on 3.8 Cubic Feet per Barrel of Cement (4 Sacks per Barrel),

Sand and Stone Measured Loose (continued)

Quantities of Material for 1 Y¥d. of Rammed Concrete

Proportions Quantities per
by Parts Bbl. of Cement 459, Voids 409, Voids
. Average Broken Stone Average Gravel
Loose Loose '

Cement | Sand Stone | Cement | Sand Stone | Cement | _Sand Stone | Cement| Sand Gravel
Bbl. Cu. Ft. | Cu. Ft. Bbl. |[Cu.¥d.|Cu.Yd.| Bbl. |Cu.¥d.{ Cu. Yd.

1 3 4 1 11.4 15.2 1.36 0.57 0.77 1.30 0.55 0.73

e 43 .. 17.1 1.28 0.54 0.81 1.23 0.52 0.78

5 19.0 1.22 0.52 0.86 1.17 0.49 0.82

54 20.9 1.16 0.49 0.90 1.11 0.47 - 0.86

6 22.8 1.11 0.47 0.94 1.05 0.44 0.89

6% 24.7 1.06 0.45 0.97 1.01 0.43 0.92

7 26.6 1.01 0.43 0.99 0.96 0.40 0.95

1 4 5 1 15.2 19.0 1.08 0.61 0.76 1.04 0.59 0.73

. 6 .. 22.8 0.99 0.56 0.84 0.95 .0.54 0.80

7 26.6 0.92 0.52 0.91 0.88 0.50 0.87

8 30.4 0.85 0.48 0.96 0.81 0.46 0.91

9 34.2 0.80 0.45 1.01 0.76 0.43 0.96
1 Bagof Cement.............ooopunnnnnnen =94 Lbs. 4 Bags of Cement........ RN =1 Bbl.

1Bagof Cement.............oviin... = 1 Cu. Ft. 1 Bbl. of Cement.......... =400 lb. Gross, 376 1b. Net

Printed through the courtesy of the Lehigh Portland Cement Company.
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Proportioning Concrete

Material for One Cubic Vard Concrete
Proportions of . . -
Mixtures Gravel 34-inch Stone 1-inch and Under Stone 2 %-inch and Under
and Under Dust. Screened Qut Dust Screened Out
Cement | Sand Stone | Cement | Sand Stone | Cement | Sand Stone
Cement | Sand | Stone } "Bhls. | Vards | Yards | Bbls. | Vards | Yards | Bbls. | Vards | Vards || -

1 2 3 1.54 47 73 1.70 .52 7 1.73 .53 .79

1 2 4 1.34 41 .81 1.46 44 .89 1.48 45 .90

1 2 5 1.17 36 .89 1.27 - .39 97 1.29 .39 .98

1 2y - 4 1.24 47 75 1.35 .52 .82 1.38 .53 84

1 24 5 1.10 42 .83 1.19 .46 91 1.21 .46 92

i 24 6 .98 37 .89 1.07 41 97 1.07 41 98

1 3 5 1.03 47 .78 111 . .51 85 1.14 .52 .87

1 3 6 92 42 .34 1.01 46 .92 1.02 47 .93

1 3 7 .84 38 .89 91 42 97 92 .42 98

1 4 6 .83 .51 a7 .9 .55 82 92 .56 .84

1 4 7 7 47 81 .83 51 .89 .84 St .90

1 4 8 W71 .43 .86 77 .47 .93 .78 .48 95

1 4 9 .65 .40 .89 71 43 97 .73 46 1.01
1Bagof Cement.......cooivenennnnnnns =94 Lbs. 4Bagsof Cement..........coovuvennennn. = 1Bbl.

1 Bag of Cement...... U N = 1 Cu. Ft. 1 Bbl. of Cement.......... =400 1b. Gross, 376 1b. Net

Printed through the courtesy of the Lehigh Portland Cement Company.
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Nominal Welght in Pounds per Foot of Cast Iron Cylmders or Plpe Wlthout Flanges

(Based on cast iron welghmg 450 1bs. pef cu. ft.)

Inside B WEIGHT PER FOOT IN POUNDS

Dia. . Thickness of Metal jh Inches” - )

Inches {5 | 34 1 ¥ | 56 | % | % 1 ) 138 {134 | 136 | 135 | 156 | 134 | 178 | 2
2 5.5 8.7| 12.3|" 16.1| 20.3| 24.7 29.5| 34.5| 40.0
234 6.8| 10.6| 14.7| 19.2| 24.0| 20.0| 34.4] 4070 46.0
3 7.9] 12.4| '17.2f 22.2| 27.6| 32.3} 39.3| -45.6| 52.2
3% 9.2i 14.3| 19.6] 25.3| 31.3| 37.6} 24.2| 5111 58.3
4 10.4] 16.1| 22.1| 28.4] 35.0| 41.91 49.1| 56.6| 64.4| 72.4
43% | 11.7) 18.0f 24.5 31.5} 38.7] 46.2| 54.0| 62.1| 70.6| 79.2|
s 12.9| 19.8| 27.0 34.5| 42.3] 50.5| S8:9| 67.7| 76.7| 85.9 95.6 :
s | 14.1| 21.6| 29.5| 37.6| 46.0] 54.8 23.8 73.2| 82.8] 92.7| 102.9
6 15.3| 23.s| 3t.9] 40.7[ 49.7| 59.1| 68.7| 78.7[ 89.0] 99.4 110.3] 121.5
7 17.8] 27.2| 36.8] 46.8| 57.1 67.7| “78.5| 897! 101.0] 112.9} 125.0| 137 4
8 20.3| 30.8| 41.7| 52.9| 64.4} 76.2| 88.4| 101.0| 114.0} 126.4| 139.7| 153.3| 167.2
9 22.7| 34.5| 46.6| 59.1| 71.8{ 84.8| 98.2] 112.0| 126.0] 139.8| 154.4| 169.2| 184.4

10 25.2 38.20 51.5| 65.2| 79.2 93.4| 108.0| 123.0| 138.0] 153.3| 169.1] 185.2| 201.5| 218.2

11 27.6| 41.9] 56.5| 71.3| 86.5| 102.0| 118.0| 134.0| 150.0} 166.8| 183.8| 201.1| 218.7| 236.6

12 30.1| 46.6| 61.4] 77.5| 93.9f 111.0| 128.0| 145.0| 163.0| 180.3] 198.5| 216.7{ 235.9| 255.0| 274.4
13 32.5| 49.2| 66.3| 83.6| 101.0| 119.0|'137.0| 156.0| 175.0] 193.7} 213 2| 232 9] 253.0| 273.4] 204.1
14 35.0| 52:9] 71.2| 89.7| 109.0| 128.0| 147.0| 167.0|-187.0 207.2| 227.9| 248.9] 270.2| 201.8] 313.7
15 56.6] . 76.11 95.9/ 116.0| 136.0| 157.0| 178.0| 199.0| 220.7} 242.6| 264.8| 287.3| 310.1| 333.3
16 60.3| 81.0] 102.0| 123.0] 145.0| 167.0| 189.0| 212.0| 234.2| 257.3| 280.7| 304.5| 328 5} 352.90
18 67.7) 90.8| 114.0] 138.0] 162.0| 187.0| 211.0| 236.0| 261.1| 286.7| 312.6| 338.8| 365 .3} 302.1
20 101.0| 127.0| 153.0] 179.0( 206.0( 233.0} 261.0f 288.1| 316.1{ 344.4] 373.1] 402.0| 431.3
22 110.0] 139.0| 168.0| 197.0| 226.0( 255.0| 285.0}.315.0| 345.5| 376.3| 407.4| 438.8} 470.9
24 120.0|-151.0( 182.0| 214.0| 245.0| 278.0[ 310.0| 342.0f 374.9| 408.2| 441.7| 475.5] s00.7
26 130.0( 163.0] 197.0| 231.0( 265.0( 299.0} 334.0} 368.9| 404.3| 440.0] 476.0| 512.3| 5489
28 140.0| 175.0| 211.0] 248.0| 284.0( 321:0f 358.0f 395.9| 433.7| 471.9] 510.3| 540 1| 588.1
30 149.0§ 188.0f 226.0| 265.0| 304.0| 343.0| 383.0| 422.9| 463.1| 503.7| 544.6 585.8| 627.3
32 199.9| 240.4| 282.0| 323.5| 365.3] 407.4} 449.8| 492.5| 535.6| 578.9| 622 6| 666.5
34 212.1f 255.5( 299.1 343 1| 387.3| 431.9| 476.8| 521.9| 567.4 613.2| 659.3| 705.7
36 224.4| 270.2| 316.3| 362.7| 409.4| 456.4| 503.7| 551.4| 599.3| 647 .51 695.7| 744.9
38 284.9| 333.4| 382.3| 431.4| 480.9 530.7| 580.8| 631.2| 681.9| 732.8| 784.2
40 299.6}.350.6 401.9| 453.5| 505.4| 557.6| 610.1| 663.0| 716.1] 769.6| 8233
42 367.7| 421.5| 475.5| 530.0| 584.6 639.4| 694.9| 750.4| 806.3|.862.6
44 384.9| 441.1f 497.6| 554.4] 611.6| 669.0| 726.7| 784.8] 843.1| 902.0
46 460.7| 519.6| 578.9] 638.5| 698.4{ 758.6| 819.1| 879.8| 941’0
48 480.3] 541.7] 603.4l 665.5| 727.8| 790.4| 853.4| 916.61 980.2

SOOZANVHE AdId NOYI ISVD




60¢

“Nominal Weight in Pounds per Foot of Cast Iron Cylinders or

Pipe without Flanges

Based on cast iron weighing 450 Ibs. per cu. ft.

WEIGHT PER FOOT IN POUNDS

Inside
Dia. Thickness of Metal in Inches
Inches
14 134 134 156 1% 14 2 24 2y '2% 2% 254 23 24 3

50 627.9| 692.4| 757.2| 822.3] 887.7 953.4|1019.4/1085.7|1152.3{1219.3|1286.5(1354.0(1421.9|1490.0{1558.5
52 652.4f 719.4] 786.6f 854.1] 921 9] 990.111058.6/1127.4/1196.4/1265.8/1335.5/1405.5/1475.8{1546.4:1617.3
54 676.9] 746.3| 816.0| 886.0f 956.3|1026.8|1097.8{1169.0(1240.5(1312.6{1384.7{1457.0{1529.4{1602.7{1666.7
56 701.5] 773.4| 845.4]| 917.9] 990.6[1063.7(1137.0{1210.7{1284.7|1359.0{1433.6/1508.5/1583.7|1659.2(1735.0
58 725.9| 800.2| 874.8] 949.7(1024.911100.4{1177.2(1252.3(1328.7]1405.5|1482.3|1559.,711639.4({1715.4{1793.7
60 750.5| 827.2| 904.2] 981.6/1059.2|1137.1(1215.4(1294.0(1372.9{1452.0(1531.5[1611.5(1691.7{1771.8|1852.7

.62 774.9| 854.1| 933.6(1013.411093.5/1173.911254..6{1335.6(1417.0{1498.6|1580.5|1662.6/1745.3{1828.0/1911.3
64 799.5| 881.1| 961.5(1045.3]1127.8/1210.711293.8{1377.3|1461.1]1545.2|1629.5(1714.2{1799.3|1884.5{1970.3
66 824.0] 908.0] 992.4/1077.111162.1]1247.4/1333.1/1419.0}1505.2/1591.7]1678.6(1765.7]1853. 3/1941.0{2028.9
68 848.5( 935.0{1021.8(1108.9{1196 . 411284 .2(1372.2(1460.6{1549.3|1638.311727.6(1817.211907 .1(1997.12087.6
70 873.0| 962.0[/1051.3(1140.81230.7{1321.0{1411 .5|1502.3|1592 .4(1684.8]1776.6[1868.6[1959.012053.6(2146.6
72 .897.6| 989.0|1080.6{1175.8|1265.1{1357.7]|1450.4{1543.9(1637.5{1731.4/|1825.6]1920.1(2014.9{2110.0(2205.5
74 921.9[1015.9(1110.1|1204.5/1299 . 4{1394.5/1489.9|1585.6{1681.6{1778.0|1874.6{1971.5/2068 .8]2166.3|2264 .2
76 946.2]1042.7(1139.5(1236.4]1333.6{1431.2(1529.1|1627.3|1725.7|1824.5/1923.6{2023 .0|2122.7|2222.7]|2323 .0
78 948.911069.5(1168.911268 .3{1368.0[1468.0[1568 .3|1668.911769.9|1871.1{1972.6{2074.5|2176..6|2279.1(2381.8
80 995 .5(1096.9{1198..3[1300.1{1402.3{1504.7{1607.5(1710.6/1813.9({1917.6{2021.6{2125 .9{2230".5|2335.4/2440.7
82 1019.9(1123.8|1227.711332.0[1436.6/1541.5|1646.7{1752.2(1858.1}1964.2(|2070.6(2177 . 4}2284". 4/2391 .8]2499 .5
84 1044.2{1150.6|1257.0|1363 . 7|1470.9|1578 .3}168 .9|1793.9(1902.212010.8(2119.6|2228 .8[2338 . 3{2448 .2{2558 .3
86 1068.9{1177.4|1286.3|1395.5|1505.2{1615.0/1725.1{1835.5{1946.3(2057.3|2168 .7|2280.32392.2|2504.5|2617 .1
88 1093.5{1204.6|1316.0|1427.7[1539.5/1651.8|1764.3|1877.2(1990.4(2105.8{2217.6|2328 .6{2446.1|2560.9{2675.9
90 1118.2(1231.4|1345.3(1459.5[1573.7(1688 .5(1803.4/|1918.9(2034.5{2150.4(2266.7|2383.2{2500.1/|2617.2|2734.7
92 1142.5{1258.6(1374.6/1491 .3{1608.0[1724.2|1842.7{1960.5;2075.2|2197.0/|2315.7]|2433.6|2554.0|2673.6[2793.5
94 1166.8|1285.411404.0{1523.1]1642,3[1761-8{1882.0(2002.2(|2122:7|2243.6{2364.7|2486.1|2607.9|2730.0(2852.3
96 1191.5[1312.5(1433.6(1555.0{1676.6[1798.9{1921.1|2043 .5!2165 .8|2290.1|2400.9|2529.8{2661 .4(2790.8{2898.2
98 1213.8/1319..7/1449.6(1568.9|1697 .911822,4(1946.412077.5|2197.8|2329.0|2449.5|2580.8]2702.4{2830.9(2956 .4

100 1273.1|1347..8/1478 .8|1600.2/1731 . 3[1868 .7(1995.5(2118.7|2241..2|2374.7|2498.0|2631 .8/|2755. 7{2890.2]3014.0
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CAST IRON' PIPE HANDBOOK

Friction Heads for Elbows

Heads Required to Overcome the Resistance of Ninety-Degree Circular Bends

Radius of Bend in Diameters of Pipe

0.5 0.75 1.00 { 1.25 1.5 2.0 3.0 5.0

Velocity in Feet
per Second

Head, in Feet

1 016 005 002 .002 .001 .001 .001 001
2 062 018 .009 007 .005 .005 004 004
3 .140 041 020 015 012 011 010 009
4 245 072 036 .026 .021 019 017 016
5 388 A13 056 041 .033 029 .027 025
6 559 162 .0 059 .048 .042 .038 036
7 761 221 .110 -080 066 057 052 050
8 994 .288 144 104 .086 074 069 065
9 1.260 365 182 132 .108 094 086 082
10 13550 450 :225 .163 134 116 106 101
12 2.340 649 324 .236 .192 167 153 145

. The above table has been calculated by the well-known Weisbach formula for
..} pipe or bends of circular cross section; i. e., round water-pipe specials.

Let R =radius of curve or bend in inches.
r =radius of section of pipe in inches.
K =coefficient of resistance.
v =velocity of flow in feet per second.
a® =angle embraced by curve or bend (a right-angle bend =90°).
h =friction head in feet or decimal of foot.
g =acceleration due to gravity =32.2,

. } . £
Then K =0.131 +1.847i E ;

] v a°
And - h =K—X
2g 180

Suppose a 90° bend of circular cross section, 20 inches diameter (r=10) and 25
{} inches radius of curvature (=R). What friction head is developed by a velocity
;| of flow of 2.7896 feet-per second?

. 10)3
K =0.131 +1.8474 — }* =0.206 :
25 . -
: : 2.78962
And - h =.206———

90 :
- K~——=0.01245 feet
64.4 180
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USEFUL TABLES -

Commercial Pipe Sizes for Fire Streams*

Ol;dinary Fire Streams

K]
2
] -

i '_"_;3 40 Pounds | 50 Pounds | 60 Pounds | 70 Pounds | 80 Pounds | 90 Pounds
R N | Pressure Pressure Pressure Pressuré Pressure Pressure
2%

[=] Q s o 3 Q o Q ] v . Q *
R i ] & N 5 ] i N i L =1
BElog1%al28|5g |98\ Tg | B\ SE | B | S8 | 02 | 8
o8 | 45 21 38 2| a8 CREEE GRS g g
5By 0% |Bg| 0% | B 0% | Bg| 07| £2| 0% | B | 0%
= i .2 ER EAS &
o | B8 | o | BE| Ba | BE| ox | BR| Ga | BR| A 2
> =N - ORI =R = N > A R -

-1 4 20 6 23 6 25 6 27 6 29 6 30

2 6 40 8 45 8 50 8 53 57 61
3 8 61| 8 68 | 10 74 | 10 80 | 10 8 [ 10 [ 91
4 10 81 10 20 10 99 10 107 12 | 114 12 121
5 10 | 10t 12 | 113 12 | 124 | 12 134 | 12 143 12 | 152
6 12 | 121 135 | 12 | 149 | 14 [ 160 | 14 [172 | 14 | 182
7 12 | 141 14 | 158 14 | 174 [ 14 | 187 14 | 200 16 | 212
8 12 | 162 14 | 181 14| 199 16 | 214 16 | 229 16 | 242
9 14 | 182 14 | 203 16 | 223 16 | 241 16 | 257 18 | 273
10 14 | 202 16 | 226 16 | 248 16 | 267 18 | 286 18 | 303
11 16 | 222 16 | 248 18 { 273 18 | 294 | 18 | 314 18 | 333
12 16 | 243 18 | 271 18 | 298 18 | 321 20 | 343 20 | 364
13 16 | 263 | 18 | 2903 | 18 | 323 | 20 | 348 | 20 | 372 | 20 | 394
14 18 | 283 18 1 316 1 20 | 348 20 | 374 20 { 400 20 | 424
15, 18 | 303 |. 20 | 339 20 | 372} 20 | 401 20 | 429 24 | 455

High-Pressure Fire Streams

100 Pounds | 110 Pounds| 120 Pounds|130 Pounds| 140 Pounds|150 Pounds
Pressure Pressure Pressure Pressure | Pressure Pressure

1 6 32 6 33 6 35 6 36 6 38 6 39
-2 8 64 67 | 10 70 | 10 73] 10 75 ] 10 78
3 10 96 | 10} 100 | 10 | 105 | 10 | 109 | 12 [ 113 | 12 | 117
4 12 (128 | 12 | 134 | 12 | 140 | 12 | 145 12 | 151 { 14 [ 156
5 14 | 160 14 | 167 14 | 174 | 14 | 181 14- | 188 14 | 195
6| 14 | 191 ] 14 |'200 | 14 | 209 ] 16 | 218 | 16 | 226 | 16 | 234
7 16 (223 16 | 234 | 16 | 244 | 16 | 254 16 |.264 | 18 [ 273
8 16 | 255 ] 16 [ 267 | 18 | 2791 18 [ 290 | 18 | 30t | 18 | 313
9 18 | 287 18 | 301 | 18 | 314 18 [ 326 | 18 | 339 | 20 | 352
10 18 [ 319 ] 18 | 334 20 [ 349§ 20 | 363 | 20 | 377 | 20 | 391
111 20 [ 3511 20 | 367 | 20 3847 20 | 399 20 | 414 | 20 | 430
12 20 | 383 | 20 | 401 20 | 419 20 | 435 24 | 452 | 24 | 469
13 20 | 415 ] 20 j 424 | 24 | 454 | 24 | 472 24 [ 490 | 24 | 508
14 24 | 447 | 24 | 467 24 (488 | 24 | 508 | 24 | 528 | 24 | 547
15 24 | 479 | 24 | S01 24 | 523 24 | 544 | 24 | 565 24 | 586

To convert cubic feet to gallons, multiply by 7.4805.

In calculating above table, the following assumptions were made: Nozzles,
1 l4-inch ‘smooth bore, playing simultaneously, and attached to 200 feet of best

quality rubber-lined hose;

water i? pipe approximatefy 3 feet-per second.
*Reprodiced by courtesy of N. S. Hill, Jr.

pressures measured at hose connections;. velocity of
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Contents of Pipe

Capacities in Cubic Feet and in United States Gallons (231 Cubic Inches)
per Foot of Lengt .

For 1 Foot |} For 1 Foot For 1 Foot
2 - Length 2 - Length o | ,, | Length
= |73 ,5 I —_— i = |73 __
o 7} ) o o (3] U o
= e Kz -~ £ B &S -~ ;] & L2 -~
Tl bRl S o SR g e g | 9| uE
R ) S K . - ol ]
Bl s |®8|aO || 8| 3 |m8 g0 || B| o M8 @O
£ CR:] et -l L8 O . 8 ~ Q :
AR 1885 || AP IS5 PE A" |28 |58
14 1.0208|.0003| .0026{| 6.75| .5625; .2485| 1.859((19.0{1.583; 1.969| 14.73
5% 1.0260{.0005| .0040{| 7.00| .5833| .2673| 1.999|(19.5(1.625] 2.074{ 15.52
36 1.0313].0008| .0057(|| 7.25| .6042] .2868] 2.144((20.0|1.666( 2.182| 16.32
7 |.0365(.0010( .0078|| 7.50| .6250| .3068| 2.295|{20.5[1.708| 2.292( 17.15
14 |.0417/.0014| ,0102|| 7.75| .6458] .3275| 2,450(/21.0({1.750] 2.405| 17.99
. % 1.0469].0017] .0129|| 8.00| .6667} .3490| 2.611||21.5|1.792] 2.521; 18.86
5% 1.0521].0021] .0159|| 8.25| .6875| .3713| 2.777}|22.0(1.833] 2.640| 19.75
42 1.0573{.0026] .0193|] 8.50] .7083| .3940| 2.948((22.5|1.875/'2.761| 20.65
3% 1.0625/.0031| .0230|| 8.75] .7292{ .4175| 3.125||23.0{1.917| 2.885| 21.58
" B2 1.0677/.0036| .0270}| 9.00| .7500{ .4418] 3.305((23.5/1.958] 3.012] 22.53
7% 1.0729].0042| .0312|} 9.25 .7708| .4668 3.492[124.012.000| 3.142] 2350
1 -~ 35 1.0781|.0048| .0359|| 9.50] .7917| .4923| 3.682|[25.0(2.083} 3.409( 25.50
|| 1.00].0833|.0055| .0408(| 9.75| .8125| .5185] 3.879([26.0|2.166{ 3.687| 27.58
1.25].1042/.0085| .0638((10.00] .8333| .5455| 4.081|(27.0/2.250[ 3.976] 29.74
1:50|.1250|.0123{ .0918([10.25| .8542| .5730| 4.286((28.0{2.333| 4.276 i 31.99
1.75|.1458|.0168| .1250|(10.50| .8750] .6013} 4.498{|29.0|2.416( 4.587 34.31
2.00[.1667/.0218| .1632(|10.75| .8958| .6303{ 4.714/|30.0(2.500| 4.909] 36.72
2.25[.1875(.0276( .2066(|11.00| .9167/ .6600| 4.937|/31.0{2.583]5.241| 39.21
2.50|.2083|.0341| .2550{[11.25] .9375]..6903| 5.163](32.0(2.666| 5.585| 41.78
2.75{.2292].0413] .3085||11.50} .9583] .7213) 5.395}|33.0|2.730| 5.940| 44.43
3.00.2_500..0491 .3673({11.75| .9792[ .7530| 5.633|(34.0 2.333 6-.305 47_1:»17
3.25(.2708/.0576] .4310(({12,00]1.000 7854| 5.876/135.0|2.916| 6.681| 49.98
3.50|.2917(.0668] .4998(|12.50/1.042 8523] 6.375||36.0{3.000] 7.069} 52.88
3.751.3125:.0767} .5738(113.00|1.083 9218 6.895)137.013.083] 7.468] 55:86
4.00[.3333/.0873 .6528((13.50[1.125 99401 7,435(138.0(3.166] 7.876 58;92
4.25].3542}.0085{ .7370(/14.00/1.167 [1.069 | 7.997((39.0[3.250| 8,296| 62,06
4.50/.3750/.1105| .8263|{14.50|1.208 (1.147 | 8.578(|40.0/3.333] 8.728| 65.29
4..75(.39581.1231] .9205//15.00[1.250 [1.227 { 9.180}{41.0|3.416| 9.168 68,58
5.00].4167].1364|1.020 |{15.50/1.292 |1.310 | 9.801}|42.0{3.500( 9.620; 71.96
5.25/.4375/.1503|1.124 16.00j1.333 [1.396 .44 {43.0(3.583(10.084| 75.43
5.50|.4583|,1650(1,234 |{16.50]1.375 (1.485 |11.11 }[44.0(3.666/10.560| 79.00
5.75(.4792|.1803|1.349 {117.00]1.417 |1.576 (11.79 {]45.0|3.750{11.044| 82.62
6.00|.5000|.1963|1.469 (117.50|1.458 [1.670 (12.50 ([46.0}3.833}11.540| 86.32
6'.25/.5208[.2130(1.594 |{18.00[1.500 (1.767 13.22 [[47.0[3.916(12,.048} 90.12
6.50] .5417 2305[1.724° 18.501.542:» '1l.867 13.97 ||48.0|4.000(12. 566 94.02
1 Cubic foot of water weighs 62.35 pounds; 1 gailon (U. S.) weighs 8,335 poﬁnds.
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Contents of Tanks and .Cisterns per Foot of Depth
1- Gallon = 231 cubic inches=1 cubic foot +7,4805 = 0.13368 cubic feet.

Diam. | Area Gals. Diam. | Area Gals. Diam, | Area | Gals.
Ft.In. |Sq. Ft.| 1 Foot || Ft. In.|Sq. Ft.| 1 Foot || Ft. In.|Sq. Ft.| 1 Foot
Depth Depth Depth

4— 0| 12.57 94.00 10—3 82.52 | 617.26 20—3 | 322.06 | 2409.2

4— 1| 13.10 97.96 10—6 86.59 | 647.74 20—6 { 330.06 | 2469.1

4— 2] 13.64 102.00 10—9 90.76 | 678.95 20—9 | 338.16 | 2529.6

4— 3| 14.19 106.12 11—0 95.03 710_.90 21—0 | 346.36 | 2591.0

4— 4| 14.75 110.32 11—3 99.40 [ 743.58 21—3 | 354.66 | 2653.0

4— 5} 15.32 114.61 11—6 | 103.87 | 776.99 21—6 } 363.05 | 2715.8

4— 6 15.90 118.97 11—9 | 108.43 | 811.14 21—9 | 371.54¢| 2779.3

‘4— 7| 16.50 123.42 || 12—0 | 113.10 | 846.03 22—0 | 380.13 | 2843.6
4— 8 17.10 127.95 12—3 | 117.86 | 881.65 22—3 | 388.82 | 2908.6

4— 91 17.72 132.56 12—6 | 122.72 | 918.00 22—6 |'397.61 | 2974.3

4—10; 18.35 137.25 12—9 | 127.68 | 955.09 22—9 | 406.49 | 3040.8

4—11 18.99 142.02 13—0 | 132.73 | 992.91 23—0 | 415.48 | 3108.0

5— 0| 19.63 146.88 13—3 | 137.89 [1031.5 23—3 | 424.56{ 3175.9

5— 1| 20.29 151.82 13—6 | 143.14(1070.8 23—6 } 433.74 | 3244.6

5— 21 20.97 156.83 13—9 | 148.49 |1110.8 23—9 | 443.01{ 3314.0

5— 3| 21.65 161.93 14—0 | 153.94 |1151.5 24—0 | 452.39 | 3384.1

5— 4| 22.34°] 167.12 14—3 | 159.4811193.0 24—3 | 461.86 | 3455.0

5—'51 23.04 172.38 14—6 | 165.13 [1235.3 24—6 | 471.44(.3526.6

5— 61 23.76 177.72 14—9'] 170.87 [1278.2 24—9 | 481.11] 3598.9

5— 7 24.48 .183.15 -15—0 | 176.71 [1321.9 25—0 { 490.87] 3672.0
5— 8| 25.22 | 188.66 15—3 | 182.65 | 1366.4 25—3 | 500.74 | 3745.8

5—-91 25.97 194.25 15—6 | 188.69 {1411.5 25—6 | 510.71 | 3820.3

5—10} 26.73 199.92 15—90 | 194.83 {1457.4 25—9 | 520.77 | 3895.6

5—11] 27.49 205.67 16—0 | 201.06 }1504.1 26—0 | 530.93 [ 3971.6

6— 0| 28.27 211,51 16—3 | 207.39'11551.4 26—3 | 541.19 4648.4

6— 3| 30.68 229.50 16—6 | 213.82 [1599.5 26—6 | 551.55] 4125.9

6— 6] 33.18 248.23 16—9 | 220.35 |1648.4 26—9 | 562.00 | 4204.1

6— 9| 35.78 267.69 170 | 226.98 |1697.9 270 | 572.56 | 4283.0
7— 0| 38.48 287.88 17—3 | 233.71 11748.2 27—3 | 583.21 4362.7

71— 31 41.28 308.81 17—6 | 240.53 {1799.3 276 | 593.96 | 4443.1
7-—— 6] 44.18 330.48 17—9 | 247.45 [1851.1 27—9 | 604.81 | 4524.3

T— 9] 47.17 352.88 18—0 | 254.47 |1903.6 28—0 | 615.75 | 4606.2

8— 0| 50.27 376.01 18—3 | 261.59 11956.8 28—3 | 626.80 | 4688.8

8— .3 53.46 399.88 18—6 | 268.80 {2010.8 28—6 | 637.94] 4772.1

8— 6| 56.75 424.48 18—9 | 276.12 [2065.5 28—9 | 649.18 | 4856.2

8—-9| 60.13 449.82 19—0 | 283.53 {2120.9 29—0 | 660.52 | '4941.0

19— 0| 63.62 475.89 19—3 |.291.04 |2177.1 29—3 | 671.96 5026.6
9~ 3| 67.20 502.70 19—6 | 298.65 [2234.0 29—6 | 683.49 | 5112.9

9— 6| 70.88 530.24 19—9 | 306.35 |2291.7 29—9 | 695.13 | 5199.9

9— 9] 74.66 558.51 20—0 | 314.16 | 2350.1 30—0 | 706.86 | 5287.7

10— O 78.54 587.52 P P | I I T
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Relative Flow Capacities of Full Smooth Pipe

Diameters in Inches

Nominal
Diameter, Inches
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Right-hand column, Relative Flow Capacity, is based on arbitrary of 1.0 for 12-inch pipe.
Calculations for above table based on assumption that relatwe deliveries at same loss of head are to each other as

4 power of the respective diameters.

INustrative Example: How many 10-inch pipe. w111 equal in total flow one 36-inch pipe?

Reading horizontally from 36 to intersection, table shows 24.6 10-inch pipe requlred—or, in practlce, 25. Similarly

10 12-inch plpe =1 30-inch pipe.

0

Diameter
Feet
Relative Flow
Capacity

aowme nounoso

JOOYANVH AdId NOJI ISVO

OCOOORM NNWGRO




USEFUL-TABLES -

Pressures in Pounds ber Square Inch, Corresponciing
to Heads of Water in Feet

Head '
- Ft. 0 1 2 3 4 5 6 7 8 9
o |...... 0.433) 0.866| 1.299| 1.732) 2.165| 2.598} 3.031| 3.464| 3.897

20 | 8.660| 9.093] 9.526] 9.959110.392{10.825|11.258|11.691]12,124/12.557
© 30 {12.990/13.423{13.856|14.289{14.722(15.155(15.588(16.021(|16.45416 .887
40 - |17.320|17.753{18.186(18.619|19.052({19.485(19,918(20.351(20.784(21.217
50 [21.650(22.083(22.516|22.949{23.382(23.815(24,248(24.681|25.114|25.547
60 [25.980/26.413(26.846]27.279127.712|28.145(28.578(29.011]29.444|29.877
70 |30.310]30.743]31.176(31.609(32.042(32.475|32.908/33.341(33.774|34.207
80 [34.640{35.073|35.506(35.939/36.372(36.805(37.238{37.671/38.104/38.537
90 [38.970]39.403139.836/40.269(40.702|41.135|41.568|42.001)42.436|42.867

Heads of Water in Feet, Correspondmg to Pressures
' in Pounds per Square Inch

Pressure .
Lbs. per 0 1 2 3 4
Sq. In, .
(1 e 2.309 4.619 6.928 9.238
10 23.095 25.404 27.714 30.023 32.333
20 46.189 B 50.808 53.118 55.427
30 69.284 71.594 73.903 76.213 78.522
40 92.379 94.688 96.998 99.307 101.62
50 115.47 117.78 120.09 122.40 124.71
60 138.57 140.88 143.19 145.50 147.81
70 161.66 163.97 166.28 168.59 170.90
80 184.76 187.07 189.38 194.00
90 207.85 210.16 212.47 214.78 217. 09
5 6 7 8 9
11.547 13.857 16.166 18.476 20,785
10 34.642 36.952 39.261 41.570 43.880
20 57.737 60.046 | 62.356 64.665 66.975
30 80.831 83.141 85.450 87.760 90.069 l
40 103.93 106.24 ,108.55 110.85 113.16
50 127.02 2 131, 133.95 136.26 X
60 150.12 152.42 154.73 157.04 159.35
70 173.21 175.52 177.83 180.14 182.45
‘80 196.31 198.61 200.92 - 203.23 205.54
- % 219.40 - 221.71 224.02 226.33 228.64

At 62° F., 1 foot head = 0,433 lb per.square inch; 0.433 X144 =62.355 Ibs. per
cubic foot. 1 Ib. per square inch =2.30947 feet head. 1 atmosphere =14.7 lbs..
per square inch =33.94 feet head.
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bDlscharge of Gas in Cublc Feet per Hour Through Pipe of Different D1a.meters
' and Various Lengths, in Linear Yards: '

Pressure of Water in Inches, 1,15, 2, 2.5. Specific Gravity, .400

‘4-Inch Pipe , 6-Inch Pipe 8-Inch Pipe

. 1 1.5 Co2 2.5 1 1.5 2 2.5

100.( 6,831 | 8,370 | 9,658 | 10,800 (| 18,820 | 23,050 | 26,600 | 29,770 38,650 | 47,350 | 54,640 | 61,100
150 [ 5,580 6,831 | 7,888 | 8,817 |{15,370 | 18,820 | 21,700 | 24,300 31,550 | 38,650 | 44,600 | 49,940
200 [ 4,829 | 5,920} 6,831 | 7,674 (113,310 [ 16,400 | 18,820 | 21,000 27,340 | 33,460 | 38,650 | 43,200
300 3,944 | 4,829 | 5,580 | 6,233 [/ 10,870 | 13,310 | 15,370 | 17,180 22,310 | 27,340 | 31,550 | 35,270
500 | 3,055 | 3,740 | 4,320 | 4,829 8,418 ;10,310 | 11,940 | 13,310 17,280 { 21,170 | 24,400 | 27,340
750 | 2,490 | 3,055 | 3,522 | 3,944 6,872 | 8,418 9,720 | 10,870 14 100 | 17,280 | 19,800 | 22,310

1,000 | 2,160 | 2,646 | 3,055 | 3,413 5,950 | 7,290 8,418 | . 9,410 12,220 | 14,960 | 17,280 | 19,320
1,250 | 1,932 § 2,366 | 2,732 | 3,055 5,340 | 6,320 7,540 8,418 10,940 | 13,650 [ 15,520 | 17,280
1,500 | 1,761 { 2,160 | 2,490 | 2,789 4,860 | 5,950 6,872 7,672 9,900 | 12,200 | 14,100 | 15,800
1,750 ¢ 1,634 | 2,000 | 2,310 [ 2,582 4,500 | 5,500 6,366 7,115 9,237 | 11,300 | 13,040 | 14,600
2,000 { 1,530 | 1,870 | 2,160 | 2,415 4,209 | 5,155 5,950 6,655 8,640 | 10,585 | 12,200 | 13,670

o1¢

10-Inch Pipe . 12-Inch Pipe : 16-Inch Pipe

JOOIANVH ‘HdId NOJI .LSVD

500 § 30,100 | 37,100 | 42,600 | 47,700 || 47,600 | 58,320 | 67,200 | 75,240 98,000 | 120,200 | 138,240 | 154,560 .
750 124,650 | 30,190 | 34,800 | 39,000 [{ 38,800 [ 47,600 | 55,000 | 61,470 79,770 | 97,740 | 113,200 | 128,020 b
1,000 {21,640 {26,150 (30,100 {33,750 |{ 33,660 [41,200 | 47,600 | 53,240 69,120 | 84,670 | 98,000 | 109,260 °
1,500 | 17,400 }21,300 (24,760 {27,560 || 27, ,500 33,600 | 38,880 | 43,515 56,600 | 69,120 | 79,800 | 89,230

2,000 | 15,050 | 18,500 | 21,300 {23,850 (| 23,800 | 29,250 | 33,600 | 37,620 49,000 | 60,100 | 69,120 | 77,280
2,500 {13,175 {16,136 | 18,632 [20,880 (| 21,190 {26,100 | 30,116 | 33,631 43,680 | 53,540 | 61,824 [ 69,120
3,000 §12,027 {14,561 (17,008 | 19,016 || 19,440 | 23,800 | 27,500 | 30,740 39,885 | 48,870 | 56,600 | 64,000
4,000 {10,413 [ 12,756 | 14,729 | 16,468 || 16,830 | 20,600 | 23,800 | 26,620 34,560 | ~42,340 | 49,000 | 54,630
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"Discharge of:Gas in Cubic Feet per Hour, Through Pipe of Different
" Diameters and Various Lengths in Linear Yards (continued)

Pressure of Water in Inches, 1, 1.5, 2, 2.5.

Specific Gravity, 1400

20-Inch Pipe

24-Inch Pipe

30-Inch Pipe

Length|
in
Yards 1 1.5 2 2.5 1 1.5 2 2.5 1 1.5 2 2.5
500}.170,600 | 204,600 | 241,000 270,000 271,206 326,000 375,000 425,800 (468,000 | 574,000 | 664,000 | 744,200
" 7501 139,600 170,600} 197,600 222,400|| 217,200} 271,200 310,000 ( 344,000 |{384,000|468,000|558,900 {607,600
1,000 120,744 147,900| 170,600} 191,0001} 189,200] 233,280] 271,200} 301,160}|332,000 |406,000 (468,000 {526,000
1,500} 98,800} 120,700 139,600 | 155,800 155,000| 190,500| 217,200] 245,800|272,070 332,760 }384,140 |457,600
2,000] * 85,300 ‘102,300 124,500 | 135,000 134,6OO 163,006 187,600 212,900 234.00d 287‘,000 332,000 372.100
2,500 76,500 93,500| 108,000} 120,744 119,000 145,500 168,000| 194,400 }[210,000 (257,000 }298,000332,000
3,000/ 69,800 85,300). 98,800) 110,2001| 108,600] 135,600| 155,000) 172,000}/192,000)234,000 {270,000 ]303,800
4,000{ 60,370 73,950{ 85,300 95,500 95,350 (.116,640| 135,600| 150,580[|166,000}203,000 234,000 (263,000
. 36-Inch Pipé Above tables computed by Dr. Pole’s formula: '
— Q=1350 D2 4f HD D=.056y SGL
500| 744,000} 912,000 1,121,200]1,256,400 GL H
7501 606,000 |. 744,000 6,000 (1,032,000 in which
1,000] 530,000 | 644,000 744,000 832,000
1,500| 428,500 524,860} 606,000 677,630 c .
R : . Q=quantity of gas, cubic, feet ~ I =length of pipe, linear yards
2,000] 372,000| 456,000{ 524,880 628,200 per hour
2,500 332,000 ( 408,000 468,000| 530,000 D =djameter of pipe, inches G —specxﬁc gravity of gas (taken
3,000| 303,000| 372,000 | 428,000| 516,000 H =pressure by head of water in as .400)
4,000} 265,000} 322,000| 372,000 .

416,000 inches

" For other values of G, multiply quantities givenin table by square root of .4 and divide by square root of new value.
For lengths one-fourth those i In table, dlscharge of gas is doubled; for lengths four times greater than table, the discharge
equals. one-half of quantities in table.

Four tlmes the pressure doybles the discharge.

'
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L Weight of Aif

at Different Tempetatures and Pressures, in Pounds per Cubic Foot

‘Based on Atmospheric Pressure.of 14.7 Lbs. per Square Inch

- Gauge Pressure, in Pounds

Temp. of

Air, in - -

‘Degs. F. 0 5 .10 20 30 40 50 60 70 80 90
<20 .0900 .1205 1515 2125 2744 .3360 .3970 4580 5190 .5800 .6410
-10 0882 1184 1485 .2090 2685 .3283 3880 .4478- 5076 5674 6272

0 .0864 .1160 .1455 .2040 2630 3215 .3800 .4385 .4970 .5555 .6140
10 .0846 1136 .1425 1995 .2568 .3145 3720 4292 4863 5433 6006
20 828 A112 1395 .1 .1955 2516 3071 3645 4205 4770 5330 +5890
30 L0811 .1088 .1366 1916 2465 .3015 3570 4121 4672 5221 L5771

- 40 0795 1067 .1338 1876 2415 2954 3503 4038 4576 1 5114 .5652
50 .0780 .1045 .1310 -1839 2367 .2903 .3432 3960 .4487 .5014 5541
60 .0764 .1025 .1283 -1803 2323 -2840 .3362 .3882 .4402 .4927 5447
70 L0750 -1005 1260 1770 .2280 22791 3302 3808 4316 4824 5332
80 . 0736 .0988 1239 .1738 .2237 22739 3242 .3738 4234 4729 5224
90 0723 0970 .1218 1707 -2195 .2688 3182 3670 4154 4639 «5122
100 0710 .0954 1197 1676 2155 .2638 3122 .3602 4079 .4555 -5033
110 0698 .0937 1176 .1645 2115 .2593 .3070 23542 4011 .4481 .4950
120 0686 .0921 1155 .1618 2080 22549 .3018 .3481 3944 4403 4866
130 0674 .0905 .1135 .1590 .2045 2305 .2966 .3446 .3924 4296 4770
-140° 0663 0889 1115 -1565 22015 .2465 .2915 .3364 3813 4262 4711
150 0652 0874 .1096 1541 .1985 .2425 2865 3308 3751 .4193 4636
175 0626 .0840 -1054 -1482 .1910 .2335 2755 3181 -3607 .4033 4450
200 0603 .0809 1014 .1427 .1840 .2248 .2655 .3054 .3473 .3882 4291
225 .0581 0779 .0976 1373 1770 .2163 +2555 -2949 3344 3738 -4129
250 0560 .0751 20941 1323 1705 2085 .2466 .2845 .3223 3602 3981
275 .0541 0726 0910 1278 1645 2011 2378 2745 3111 3478 .3844
300 .0523 0707 .0881 .1237 .1592 .1945 .2300 2654 .3008 3362 3716
350 0491 0658 0825 1160 .1495 .1828 .2160. +2492 .2824 .3156 .3488
400 .0463 0621 L0779 -1090 .1405 1720 .2035 .2348 .2661 2974 3287
450 .0437 .0586 .0735 .1033 .1330 -1628 .1925 22220 2515 .2810 3105 |
500 0414 0555 0696 0978 .1260 .1540 .1820 .2100 .2380 -2660 .2940
550 0394 0528 0661 .0930 .1198 1464 1730 .1996 2262 .2528 -2794
600 .0376 0504 0631 0885 1140 1395 .1650 .1904 2158 2412 .2668
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USEFUL TABLES

Properties of Aqueous Vapors

Saturated Mixtures of Air and Water Vapor
Weight
Tempera-| of 1 . . .
ture in | Cubic Elastic Weight | Weight | Total Weight
Degrees | Foot of | Elastic | Force of | of Vapor | of Airin | Weight | of Water
Fahren-|{ Pure Force of |Air Alone,|in 1 Cubic| 1 Cubic [ 1 Cubic| Vapor
heit |{Dry Air,| Vapor, |Saturated| Footof | Foot of | Foot of ; Mixed
Pounds | Inches of | Inches of | Mixture, | Mixture,| Mixture,lwith 1 Lb.
Mercury | Mercury | Pounds | Pounds | Pounds jof Air,Lbs.
0 .0864 0.044 29.877 00008 0862 .0863 .0009
12 0842 0.075 29.846 .00013 0839 .0841 L0015
22 .0824 0.117 29.804 .00020 0821 .0823 .0024
32 .0807 0.181 29.740 .00030 .0802 .0805 0037
42 0791 0.267 29.654 .00044 0784 0788 .0056
52 0776 0.388 29.533 .00062 0766 0772 .0081
62 0761 0.556 29.365 .00087 0747 0756 0117
72 0746 0.785 29.136 00121 0727 0740 0167
82 0733 1.092 28.829 .00166 .0706 0723 .0235
92 0719 1.501 28.420 .00225 .0683 0706 .0329
102 0707 2.036 27.885 .00300 .0659 .0689 .0456
112 0694 2.731 27.190 .00396 .0631 B 0628
122 .0682 3.621 26.300 .00518 .0600 .0651 .0863
132 0671 4.750 25:171 .00669 0564 0631 1185
142 /| .0660 6.167 23.754 .00856 0524 0609 1635
152 0649 7.929 21.992 .01085 0477 L0585 2276
162 0638 10.097 19.824 .01364 0423 .0559 3224
172 L0628 12.749 17.172 .01699 0361 .0530 4711
182 | .0618. |- 15.965 13.956 .02100 .0288 .0498 7280
192 | .0609 19.826 |’ 10.095 .02575 .0205 .0463 1.2532
202 .0600 24.442 5.479 .03135 0110 .0423 2.8851
212 .0591 29.921 .000 .03792 .0000 .0379 Infinite

‘At atmospheric pressure, 29.921 inches of mercury or 14.6963 lbs. per sq. inch.

" (From Kent's Mechanical Engineers' Pocket Book, Eighth Edition)

319



i

CAST IRON PIPE HANDBOOK
Factors for Correction of Volume of Gas at Different
Temperatures and Under Different Atmospheric Pressures
Volume, at 60° F. and 30.0 Inches Hg, =1.000.

Tempera- ! "Barometric Pressure, Inches of Mercury [
ture in [
Degrees

Fahrenheit | 28.6 28.7 28.8 28.9 29.0 29.1 | 29.2 /| 29.3

-30 1.173 1.177 1.181 1.186 1.190 1.194 | 1.198 | 1.202
~25 1.160 1.164 1.168 1.172 1.176 1.180 1,184 | 1,188
-20 1.147 1.151 1.155 1.159 | 1.163 1.166 1.170 1.175
-15 1.134 | 1.138 1.142 1.146 | 1.150 1.154 | 1.158 1.161
-10 1.121 1.125 1.129 1.133 1.137 1.141 1.145 1.149
-5 1.109 1.113 1.117 1.120 | 1.124 1.128 | 1.132 1.136
] 1.095 1.099 1.103 1.107 1.111 1.114 | 1117 1.122
5 1.083 1.087 1.090 1.093 1.098 1.102 1.105 1.109
10 1.071 1.075 1.078 1,082 .| 1.086 1.090 (. 1.093 1.097 i
15 1.059 | 1.063 1.066 1.069 1.074 | 1.077 1.081 1.085
20 1.047 1.051 1.055 1.058 1.062 1.065 1.069 1.073
25 1.035 1.039 1.043 1.046 1.050 1.054 1.057 1.061
30 1.023 1.027 1.031 1.034 | 1.038 1.042 1.045 1.049
35 1.012 | 1.015 | 1.018 | 1.022 | 1.026 | 1.030 | 1.033 | 1.037
40 1.001 1.004 | 1.007 1.011 1.014 | 1.018 1.021 1.025
42 995 K 1.003 1.006 1.010 1.013 1.017 1.020
44 991 994 .998 1.001 1.604 | 1.008 1.012 1.015
46 986 990 .993 997 1.000 | 1.004 | 1.007 1.011
48 98 .985 .988 992 9 999 1.002 1.006
50 977 980 984 987 .990 .994 997 1.001 |
52 972 975 979 982 986 .989 992 996
54 967 970 974 977 .981 984 .988 991 |
56 962 .966 969 973 976 979 982 .986
58 958 961 964 968 971 975 978 981
60 953 956 .959 963 .966 969 973 976
62 947 951 954 .958 961 964 968 971
64 943 946 .949 953 .956 959 .963 966
66 938 941 .944 .948 .95 954 .958 961
68 .932 936 939 942 946 949 952 956
70 .92 931 934 937 941 944 947 1950
72 922 925 .929 932 935 939 942 945
74 917 920 924 927 930 033 .937 940
76 912 915 918 921 925 928 .931 935
78 .906 909 913 916 .919 923 926 929
80 901 904 .90 910 914 917 920 923
82 895 .898 901 905 .908 911 914 918
84 889 .893 .896 .899 .903 90 .909 912
85 887 .890 893 896 .900 .903 .90 .909
90 872 875 .878 .881 .885 .888 892 .895
95 .857 860 863 .866 870 .8 876 879
100 .840 .843 .846 .850 853 8 859 862
105 - 823 827 .830 833 .836 839 842 .845
N b Rlsproduced through the courtesy of United Gas Improvement Co., Philadel-
"] phia, Pa. : '
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Factors for Correction of Volume of Gas at Different

Temperatures and Under Different Atmospheric Pressures.(cont.)

me, at 60é F. and 30.0 Inches Hg, =1.000,

-" Barometric Pressure, Inches of Mercury.

29.5 29.6 | 29.7 29.8 | 299 | 300

Volu
- Tempera-
ture in
Degrees ;
Fahrenheit 29.4
-30 1.206
25 1.192
1-20 1.179
.~15 1.165
-10 1.152
-5 1.140
0 1.126
5 1.113
10 1.101
15 1.088
20 1.076
25 1.065
30 1:053
35 1.041
40 1.028
42 1.024
44 1.019
46 '1.014
48 1.009
50 1.004
52 .999
54 995
56 .990
58 985
60 .980
62 975
64 .969
66 964
68 959
70 954
72 949
74 943
76 938
78 932
80 927
82 921
84 915
85 913
90 .898
95 .882
100 .865
105 .848

I
N
@
(=]
=
-
O
w
=
-
w
~
I
-
'
-
-
-
@
=
-
>
o

993 .996 1.000 1.003 1.007 1.010
.988 992 995 .998 1.002 1.005
.983 .986 990 993 . 1.000
978 .981 985 .988 991 995
973 976 980 .983 .986 .990
968 971 974 978 98 985
2962 966 969 972 976 979
9. .960 964 967 970 974
952 9 959 962 96 .968
947 950 953 957 .960 .963
941 944 948 951 954 .958
936 939 942 946 .949 952
.930 933 937 .940 943 946
024 927 931 934 937 941
919 922 925 928 932 93

916 919 2922 926 929 932
901 905 .908 911 914 917
.885 889 892 895 -898 901
.868 872 875 .878 .881 .885
.8, .855 .858 861 864 867

-1 ., Reproduced throu
- phia, Pa. )

gh the courtesy of United Gas Improvement Co., Philadel- 1
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Compoﬁnd Interést Table
Giving Value 'i_)f $1 at End of Any Year, From 1 to 100

Years) %% 1% 1%% 2% 2%% | 3% 3%%
11 1.0050 | 1.0100 1.0150 1.0250 1.0300 | .1.0350. || |
-2.1 10100 | 1.0201 1.0302 |, S1.0712
o 3|.10151 | 1.0303 | 1.0457 1.1087 ||,

"4 171.0202°| 1.0406. | 1.0614 1.1475:
51 10253 | 1.0510 1.0773 1.187F

61 10302 | 1.0615 | 1.0934 12293

71 1.0355°T 1.0721 | . 1.1098 1.2723
8 1.0407 29 | .'.1.1265 1.3168 |

9°1 1.0459 ] 1.0937 7| 1.1434 1,3629
100 1. 11046 | 1.1605 1.4106 ¥

1.1157 11779 1.4600

1.1268 | . 1.1956 1.5111

1.1381 .} " 1.2136 1.5640

1.1495~1 1.2318 1.6187

1.1610- [ " 1.2502 1.6753

1.1726; . 1.2690 1.7340

1.1843 | * 1.2880 | 1.7947

1.1961 | '1.3073 1.8575

1. 0994r 1.2081. | + 1.3270 1.9225

1.2202 | 1.3469 1.9898

1.2324 1.3671 2.0594

1.2447 | 1.3876 - 2.1315

1.2572 . -1.4084 2.2061

1.2697 1.4295 | 2.2833

1.2824 |  1.4509 2.3632

1.2953 | 1 1.4727 2,4460

1.3082-,| 1.4948 2.5316

1.3213 | 1.5172 .| 2.6202

1.3345 | -1.5400 . b 2.7119

1.3478 1.5631 2.0976 24273 2.8068

1.3613 1.5865 2.1500- | 2.5001 2.9050

1.3749 | 1.6103 -2.2038° | 2.5751 3.0067

1.3887. | - 1.6345 2.2589'.| “2,6523 3.1119

1.4026° | 1.6590 2.3153° 1. .2.7319 3.2209

1.4166 1.6839 2.3732; 4. 2.8139 3.3336

4308 1.7091 2.4325 .|, 2.8983 3.4503

1.4451 1.7348 2,4933: | 2.9852 3.5710

1.4595 | '1.7608 2.5557. | 3,0748 3.6960

1.4741 |  1.7872 | 2.6196, | 3.1670 | '3.8234

1.4889 1.8140 2.6851 3.2620 .9593

1.5038 | 1.8412 . 2.7522. | 3.3599 4.0978

1.5188 1.8688 . 2.8210 3.4607 4.2413

1.5340 | . 1.8969 . 2.8915 3.5645 4,3897

1.5493 1.9253 . 2.9638 3.6715 4,5433

.5648 1.9542 . 3.0379 3.7816 4.7024

1.5805 1.9835 |, 2. 3.1139 3.8950 4.8669

1.5963 | ;.2.0133 | 2. 3.1917 4.0119 5.0373

1.6122 2.0435 | 2.5871 || '3.2715 4.1323 5.2136

| -1.6283 2.0741 .| .2.6388..) . 3.3533. | 4.2562 5.3961

"*1 2832‘( 1 6446 2.1052 | ©2.6916 | 3. 4371 4.3839 5.5849
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Compound Interest Table
G1v1ng Value of: $1 at End of Any Year, From 1t0' 100

Vears] %% 1% 1349, 2% L2%% 3% . 3}4%.
51 1.2896 1.6611 2.1368 - 2.7454 | 3.5230 4.5154 '5.7804
~52 1.2961 1.6777 ] - 2.1689 2.8003 3.6111 4.6509 5.9827 -
53 1.3026 1.6945 2.2014 2.8563 3.7014 4.7904 6.1921. |

54 | 1.3091 1.7114 2.2344 |, 2.9135 3.7939 341 6.4088

55 | 1.3156 1.7285 2.2679 29717 3.8888 5.0821 6.6331

56 -1.3222 1.7458 2.3020 | 3.0312 3.9860 5.2346 6.8653

57 1.3288 1.7633 2.3365 3.0918 4.0856 5.3917 7.1056
58| 1.3355 1.7809 2.3715 3.1536 4.1878 5.5534" 7.3543

597 1.3421 1.7987 |- 2.4071 3.2167 4,2925 5.7200 7.6017 {1}

60 1,3489. 1.8167 | . 2,4432 3.2810 4.3998 5. 8916 7.$781 K

61 1.3556 1.8349 2.4799 - | 3.3467 4.5098 6.0684 | 8.1538. |||
© 62 1:3624 1.8532 2.517¢7 3.4136° 4.6225 6.2504 | :. 8.4392 |
163 1.3692 1.8717 -1+ 2.5548 | : 3.4819 4.7381 6.4379 | - 8.7346 :
- 64| 1.3760 1.8905 ;|- 2.5931 3.5515 4.8565 6311 | .:9.0403

“65°{ 1.3829 1.9094 2.6320 3.6225 4.9780 6.8300 |- 9.3567

66 | _1.3898 1.9285 2.6715 3.6950 . 5.1024 7.0349 [ 9.6842

67 | 1.3968 1.9477 2.7116 3.7689 5.2300 7.2459 10.0231

68 '| 1.4038 1,9672 2.7523 3.8443 5.3607 7.4633 ‘1 10.3739

“69 1.4108 1.9869 2.7936- 3.9211 5.4947 7.6872 10.7370

70l 1.4178 2.0068 2,8355 | 3.9996 5.6321 7.9178 | 11.1128 .

71| 1.4249 2.0268 2.8780 4.0795 5.7729° 8.1554 1-11.5018 " |["}*

72 1.4320 2.0471 29212 [ 41611 |. 5.9172 8.4000 §. 11,9043

73] 1.4392 2.0676 2.9650 4.2444 6.0652 8.6520 | 12.3210

741 1.4464 2.0882 3.0094 4.3293. -1 * 6.2168 8.9116 12,7522

75 1.4536 2.1091 3.0546 | 4.4158 6.3722 9.1789 ;| 13,1986

76| -1.4609 2.1302 3.1004 4.5042 6.5315 9.4543 " |- 13,6605

77 1.4682 2.1515 3.1469 4.5942 ' |~ 6.6948 9.7379 | 14,1386

78 1.4755 2.1730 '+ 3.1941 4.6861 " 6.8622 10.0301 14.6335
791 .1.4829 | -2,1948 3.2420 4,7798 7.0337 '| 10.3310 °|"15.1456,

80| .1.4908 2.2167 3.2907 |-~ 4.8754 7.2096 | 10.6409. | 15, 6757

81| 1.4978 2.2389 3.3400 4,9729 | 17.3898 ‘| 10.9601 16,2244 .

821 1.5053 2.2613 3.3901 5.0724 7.5746 11.2889. § 16.7922

‘83 ].71.5128 2.2839 3.4410. 5.1739 7.7639 11,6276 '} 17.3800

84 1.5204 2.3067 - [+ 3.4926 '§. 5.2773. 7.9580 11.9764 1 17,9883

85.. 1.5280 2.3298 3.5450. | 5.3829 8.1570 12.3357 18.6179 -

86 | 1.5356 2.3531 3.5982" | - 5.4905 8.3609 ' | 12.7058 7' 19,2695

87 1 1.5433 2.3766 3.6521'."| - 5.6003 ‘|  8.5699 - '13.0870" |19.9439

88 1.5510 2.4004 3.7069 5.7124 8.7842 13.4796 | 20.6420

89-1::1.5588 2.4244 3.7625 5.8266.:| 9.0038 | 13.8839 °|.21.3644 .

90.| 1.5666 2.4486 3.8189 5.9431 9 2289 | -14.3005 |:22,1122

o1 | 1.5744" 2:4731 3.8762 6.0620, [ 9.4596 14.7295" -22.8861

92} ‘1.5823 2:4979 3.9344 6.1832 9.6961 15.1714 | 23.6871

93 1 1.59027  2.5228 3.9934 6.3069 | : 9.9385/ | 15.6265 ‘| 24.5162

941 '£.5981 2:5481 4,0533 6.4330. | 110.1869 16,0953, | 25.3742

9571 1.6061 2.5735 4,1141 6.5617 10.4416 16.5782:°]:26.2623

96.1.71.6141 2.5993 4,1758 | 6.6929 -| 10.7026" | 17.0755 27.1815

097 1 1.6222 2.6253 4.2384 | 6.8268.:| 10,9702 | -17.5878; :|: 28,1329

98 1.6303 |- 2.6515'| 4.3020 | . 6.9633 11,2445 - [18.1154.]" 29,1175

9 1.6385 2.6780 .- .4.3665 |- 7.1026 - | 11,5256 18.6589" |-.30.1366."
100 | "1.6467 | -2.7048 .| 4.4320 7.2446 31, 1914

11.8137:
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Compound Interest Table
lemg Value of $1 at End’ of Any Year, From 1 to 100

4% 4%% 53%% 6% 6 % % 7%
17 1.0400 1.0450 1.0550 1.0600 1.0650 1.0700
2 | 1.0816 1.0920 1.1130 1.1236 1.1342 1.1449
3. 11249 | . 1.1412 1.1742 1.1910- 1.2079 1.2250
4 1.1699 1.1925 1.2388 1.2625 -1.2865 1.3108
51 1.2167 1.2462 1.3070 1.3382 1.3701 1.4026
6 | 1.2653 1.3023 1.3788 1.4185 1.4591 1.5007
S 701.3159 1.3609 1.4547 1.5036 °| 1.5540 1.6058
© 81 1.3686 1.4221 1.5347 1.5938 1.6550 1.7182
"9 1. 1.4233 1.4861 1.6191 1.6895 1.7626 1.8385
10 | 1.4802 1.5530 1.7081 | - 1.7908 1.8771 1.9672
1.5395 | 1.6229 1.8021 1.8983 1,9992 2.1049
1.6010° | 1.6959 1.9012 2.0122 2.1291 2.2522
1.6651 1.7722 2.0058 2.1329 2.2675 2.4098
1.7317 1.8519 2.1161 2.2609 2.4149 2.5785
-1.8009 1.9353 2.2325 2.3966 2.5718 2.7590
1.8730 2.0224 2.3553 2.5404 2.7390 2.9522
1.9479 2.1134 2.4848 2.6928 2.9170 3.1588
2.0258 2.2085 2.6215 2.8543 3.1067 3.3799
2.1068 2,3079 2.7656 3.0256 3.3086 3.6185
2.1911 2.4117 2.9178 3.2071 3.5236 3.8697
2.2788 2.5202 3.0782 3.3996 3.7527 4.1406
2.3699 2.6337 3.24475 3.6035 3.9966 4.4304
2.4647 2.7522 3.4262 3.8197 4.2564 4.7405
2.5633 2.8760 3.6146 4.0489 4.5331 5.0724
2.6658 3.0054 T 3.8134 4.2919 4.8277 5.4274
2.,7725 3.1407 4.0231 4.5494 5.1415 5.8074
2.8834 3.2820 4,2444 | 4.8223 5.4757 6.2139
2.9987 3.4297 4.4778 5.1117 5.8316 6.6488
3.1187 3.5840 4,7241 5.4184 6.2107 7.1143
3. 2434 3.7453 4.9840 5.7435 6.6144 7.6123
3.3731 3.9139 5.2581 6.0881 7.0443 8.1451
3.5081 4.0900 5.5473 6.4534 7.5022 ‘8.7133
3.6484 4.2740 5.8524. | - 6.8406 7.9898 9.3253
3.7943 4.4664 6.1742 7.2510 8.5092 9.9781
3.9461 4.6673 6.5138 7.6861 9.0623 10.6766
4.1039 4.8774 6.8721 8.1473 9.6513 11,4239
4.2681 5.0969 7.2501 8.6361 [ 10.2786 | 12.2236
4.4388 5.3262 ©7.6488 9.1543 | 10.9467 13.0793
4.6164 5.5659 8.0695 ) 9.7035 11,6583 13.9948
4.8010 5.8164 8.5133 | 10.2857 |[.12.4161 14,9745
4. 9931 6.0781 8.9815 .| 10.9029 | 13.2231" | 16.0227
5.1928 6.3516 9.4755 | 11.5570 | 14.0826 | 17.1443
5.4005 6.6374 9,9967 | 12,2505 | 14.9980. | 18.3444
5.6165 6.9361 10.5465 | 12,9855 | 15.9729 | 19.6285
5.8412 7.2482 11,1266 | 13,7646 | 17.0111 1 21.0025
6.0748 7.5744 -11.7385 | 14.5905 | 18.1168 | 22.4726
6.3178 7.9153 12,3841 15.4659. | 19.2944 | 24.0457
6.5705 8.2715 13.0653 ‘| 16.3939 | 20.5485. | 25.7289
6.8333 8.6437 13.7838 | 17.3775 | 21.8842 | 27.5299
7. 1067 9.0326 14,5420 | 18. 4202 23,3067 | 29.4570
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Compound Interest Table
G1v1ng Value of $1 at End of Any Year, From 1 to 100

Years| 4% 4%%. | . 5% 5%% 6% ) GA% % .

51| 7.3910 9.4391 12.0408 (- 15.3418 | :19.5254 | 24.8216 | 31.5190
52 | 17.6866 9.8639 12,6428 | 16.1856 | '20.6969 [ 26.4350 { 33.7253
53 ] 7.9941 | 10.3077 | 13.2749 |, 17.0758 | 21.9387: |- 28.1533 [ '36.0861
54 | 8.3138| 10.7716 13.9387 | 18.0149 | 23.2550:( . 29.9833 | 38.6122
55 | 8.6464 | 11.2563 | ‘14.6356 |+ 19,0058 | 24.6503. [ 31,9322 | 41.3150
56 | 8.9922 [ 11.7628 | 15.3674 | 20.0511 | 26.1293 |- 34.0078 | 44.2071 |
57 ] 9.3519 | 12,2922 16.1358 | 21:1539 | 27.6971 | 36.2183 | 47.3015
58 | 9.7260 | 12.8455 16.9426 | 22,3174 | 29.3589; | 38.5725 | 50.6127
59 1 10.1150. | 13.4234 17.7897 | 23.5448 | :31.1205- | 41.0797 | 54.1555 ||
60 [ 10.5196.| 14.0274 18.6792 | 24.8398 | 32.9877 | 43.7498 | 57.9464 |
61 [ 10.9404 | 14.6586 19.6131 |  26.2060 | 34.9670 | 46.5936 [ 62.0027
62 |-11.3780 | 15.3183 20,5938 | 27.6473 | 37.0650 | 49.6222 | 66.3429
63 | 11.8332 | 16.0076 21.6235 | *29.1679 | 39.2889 | 52.8476 | 70.9869 N
64 | 12.3065 | 16.7279 22.7047 | : 30.7721 | 41.6462 | 56.2827 | 75.9559 [} {
65 [ 12.7987 | 17.4807 23.8399 |  32.4646 | 44.1450 | 59.9411 | 81.2729 |
66 13.3137’ 18.2673 | 25.0319 | 34.2501 [ 46.7937.| 63.8372 [ 86.9620 ||
67 | 13.8431 | 19.0894 | 26.2835 } . 36.1339 [ 49.6013 | 67.9867 | 93.0493 ||
68 | 14.3968 | 19.9484 | 27.5977 | .38.1213 | 52.5774 | 72.4058 | 99.5627
69 [ 14.9727 | 20.8461 28.9775 | 40:2179 | 55.7320.| 77.1122 | 106,5321
70.| 15.5716 | 21.7841 30,4264 | 42.4299 | 59.0759 | 82.1245 | 113.9894
71 1-16.1945 | 22.7644 |. 31.9477 | . 44.7636 | 62.6205 | 87.4626 | 121.9686
72 1 16.8423 | 23.7888 33.5451 | 1 47.2256 | 66.3777 | . 93.1476 | 130.5065
73 | 17.5160 | 24.8593 35.2224 | ' 49.8230°| * 70.3604 | 99.2022 | 139.6419 if
74 | 18.2166 | 25.9780 | 36.9835 | 52.5632 | 74.5820 | 105.6504 | 149.4168 |
75.1 18.9453 | 27.1470 | '38.8327 | ,55.4542 | . 79.0569 | 112.5176 | 159.8760
-76 119.7031°] 28.3686 | 40,7743 | 58.5042 | 83.8003 | 119.8313 | 171,0673
77 1204912 29.6452 42:8130 | 61.7219 | 88.8284 | 127.6203 | 183.0421
78 | 21.3108 | 30.9792. | 44.9537 | 65.1166 | 94.1581 | 135.9156 | 195.8550
79 122.1633 | 32.3733 47.2014 | . 68.6980 | 99.8075 | 144.7501 | 209.5648 It |
80 |.23.0498 | 33.8301 | 49,5614 | 72.4764 | 105.7960 | 154.1589 | 224.2344 |f
81 | 23.9718 | 35.3525 52.0395 | 76.4626 | 112.1438 | 164.1792 | 239.9308 ||
82 | 24.9307:| 36,9433 54.6415 | : 80.6681 | 118.8724 | 174.8509 } 256.7260
83 | 25.9279 | 38.6058 | 57.3736 |  85.1048 | 126.0047 | 186.2162 | 274.6968
84 | 26.9650 | 40.3430 60.2422 |  89.7856 | 133.5650 { 198.3202 | 293.9255
85 | 28.0436 | 42.1585 63.2544 | 94.7238 { 141.5789 | 211.2111 | 314.5003
86 | 29.1653 | 44.0556 66.4171 | 99.9336 | 150.0736: | 224.9398 | 336.5154
87 | 30.3320 | 46.0381 69.7379 | 105.4299 | 159.0781; | 239.5609 | 360.0714
88 | 31.5452 | 48.1098 73.2248 | 111.2286 | 168.6227 | 255.1323 | 385,2764
89 | 32.8071 | 50.2747 | 76.8861 [ 117.3462 [ 178.7401: | 271.7159 | 412,2458
90 | 34.1193 | 52.5371 80.7304 | 123.8002 | 189.4645° | 289.3775 | 441.1030
91 | 35.4841 | 54.9013 84.7669 | 130.6092 | 200.8324 | 308.1870 | 471.9802 H [
92 | 36.9035 | 57.3718 | 89.0052 { 137.7927 | 212.8823 { 328.2191 | 505.0188.
93 { 38.3796 | 59.9536 93.4555 | 145.3713 | 225.6553 | 349.5534 | 540.3701
94 | 39,9148 | 62.6515 98.1283 | 153.3667 | 239.1946 | 372.2744 | 578.1960
95 | 41.5114 | 65.4708 | 103.0347 | 161.8019 | 253.5463 | 396.4722 | 618.6697
96 | 43.1718 | 68.4170 | 108.1864 | 170.7010 | 268.7590 | 422.2429 | 661.9766
07 | 44.8987 | 71.4957 | 113:5957 | 180:0896 | 284.8846 | 449.6887 | 708.3150
08 | 46.6947 | 74.7130 { 119.2755 | 189.9945 | 301.9776 | 478.9184 | 757.8970
99 | 48.5625 | 78.0751 |'125.2393 | 200.4442 | 320.0963 | 510.0481 | 810.9498

100 | 50.5049 | 81.5885 | 131.5013 | 211.4686 | 339.3021. | 543.2013 | 867.7163
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CAST IRON PIRE HANDBOOK

Annulty Table

Capltahzatmn of Annulty of $1 000 for From 5 to 100 Years

- Vears 2% | 3% 3u% 49,
5 4,645.88 - 4,579.60 4,514.92 4,451.68
10 8,752.17 8,530.13 8,316.45 8,110.74
15; - 12,381.41° 11,937.80 11,517.23 .11,118.06
s 20 15,589.215 14,877.27 14,212.12 13,590.21
- 25 ® ES 424,67 - 17,413.01 16,481.28- 15,621.93
- 30 4 0,930.59 ! - 19,600.21 18,391.85 17,291.86
35 : 93 145.31 . 21,487.04 20,000.43" 18,664.37
40 g 25,103.53 23,114.36 21,354.83 19,792.65
45, 26,833.15 24,518.49 22,495.23 20,719.89
50. . T 28,362.48° . 25,729.58 23,455.21 21,482.08
70. 32,897.85 29,123.36 26,000.65 23,394.57 |
- 100 36,614.21 . 31,598.81 27 655.36 24,504.96
Years 4%% . 5% -. 5149 6%
5 4,389.91 . 4,329.45 4,268.09 4,212.40
10 7,912.67 7,721.73 7,537.54 7,360.19
15 10,739.42 10,379.53 10,037.48 9,712.30
20 13,007.88 12,462.13 11,950.26 11,469.96 -
25 14,828.12 14,093.86 13,413.82 12,783.38
30 16,288.77 15,372.36 14,533.63 13,764.85
35 17,460.89 : 16,374.36 15,390.48 14,488.65
40 18,401.49 17,159.01 16,044.92 15,046.31
45 19,156.24 17,773.99 16,547.65 15,455.85
50 19,761.93 18,255.86 16,931,97 15, 761 87
70 21,202.16 19,342.74 17,752.90 16,384.51
100, 21, 949 21 19,847.90 18,095.83 16,612.64

g
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! “ mstallatlons. .

Useful engineering tables

A. W. W. A. spec.
Welght, A. G A, spec

3 “

“ oo A W. W, A, spec

“ “ thlckness, A. G, A. spec.

« “ A. W. W. A. spec
olume and capacity equivalent of measure. ee

Wall castings, standard. ............:
Water conduits, failures of e
-« flow of

“hammer in pipe line

eights and masses, table of.
3 G‘ A. standard B. & s. 1::19:3t
ty.

“a

anatlon, Allowable, in dLmensmns, A G. A. spec......

; relative delivery of . ... oovvv e
Welghmg, A. G, A.spec..
A.W.W.A's ec
elght allowable varlatlon 1n A G. A. spec.:
g AW, W. A. spec
“ of alr at dxﬂerent pressures ..............
“ temperatures e

standard B & S. pipe....

Wood lined fanged pipe......

Wrought xron corrosion of .
pipe. ., ..

wexghts of.
A W W. A, standard B. & S.,-dimensi
' . ‘weights of .
’ Amerlcan ﬂanged standard dimensions of

[ &« @ &“ 25
’ ﬂanged for wa.E‘er, dimensions of ., .. ..

weightsof .. ...,

for 125 lb v welghts of. ..

mains, prevention of loss i in carrymg capacity in. ...

336

NEW YORE

Ua B BROWN PRINTING & n:mmmao-




	DOC001-combined
	DOC051-combined
	DOC101-combined
	DOC151-combined
	DOC201-combined
	DOC251-combined
	DOC301-combined
	DOC351-combined



