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Photomicrograph of gray
cast iron (100X) showing
carbon in the form of
graphite flakes.

Photomicrograph of Duc-
tile Castlron (100X) show-
ing carbon in the form of
graphite nodules.

GENERAL INFORMATION

Cast Iron Pipe has long been the stan-
dard conduit, underground and above
ground, for conveying water, gas and
sewage in municipal, utility and indus-
trial piping systems. This is because of
its indefinitely long life, high flow ca-
pacity, trouble-free service, and result-
ant low cost to the user.

The real life expectancy of cast iron
pipe is unknown, but is usually esti-
mated at 100 years or more. The oldest
installation of record, which is still in
service; is that at Versailles, France,
made in 1664, more than 300 years ago.
In this country and in Canada there are
more than 159 members of the Cast Iron
Pipe Century Club, a unique organiza-
tion composed of cities or utilities who
have cast iron pipe still in service after
100 years. The number of members is
growing every year.

Cast iron is essentially an alloy of
iron, carbon and silicon, containing ap-
propriate amounts of manganese, sul-
fur and phosphorous, in which a major
part of the carbon content occurs as
free carbon or graphite interspersed
throughout the mass of metal. In gray
cast iron, the graphite takes the form of
flakes; in ductile cast iron, the graphite
is in the form of nodules or spherulites,
also in a random distribution through-
out the structure.

The excellent corrosion resistance of
cast iron pipe in underground service
1s an accepted fact, demonstrated re-

ABOUT CAST IRON PIPE

peatedly in a wide variety of soils.
Graphite is noncorrodible and the ap-
preciable volume of this component,
together with relatively inert iron phos-
phides, enables both gray and ductile
cast iron to be more resistant to corro-
sion than other unalloyed ferrous prod-
ucts.

In aggressive environments cast iron
pipe is able to serve as an effective,
economical conduit for conveying water
under pressure due to the formation of
an interlocking mat of graphite, phos-
phides and iron oxides. This mat is
both strong and dense enough to inhibit
further corrosion. Based on data thus
far compiled, the corrosion resistance
of ductile cast iron equals or exceeds
that of gray cast iron.

In addition to the benefits of long life,
corrosion resistance, high structural
strength, and tight joints, cast iron is
also readily machinable, an important
requirement in any pipe that must be
drilled, tapped or cut. At a controlled
hardness level, both gray and ductile
cast iron is more easily machined than
most other metals because the graphite
in the iron acts as a lubricant for the
cutting tool.

‘Clow cast iron pipe—gray and duc-
tile—is manufactured in strict accord-
ance with design criteria that have
been developed by the American Na- .
tional Standards Institute, and equals or
exceeds the requirements of all published
standards of the American Water Works
Association and the Federal Govern-
ment.






THE MANUFACTURE OF CLOW CAST IRON PIPE

Clow cast iron pipe is cast centrifugally in
water cooled metal molds, a method which
rigidly controls the outside diameter, yet per-
mits the thickness of the pipe wall to be varied
to meet individual job requirements. The cast-
ing machine consists of a cylindrical metal
mold mounted on rollers in a water jacket so
that it can be rotated at comparatively high
speeds. The water jacket is mounted on wheels
so that the entire assembly can be moved by
means of a hydraulic cylinder on a fixed bed
inclined slightly to the horizontal. The molten
iron is fed into the mold through a trough
similarly inclined. The trough has a spout on
its lower end which is curved toward the side-
wall of the mold. Molten iron is supplied to the
trough by a casting ladle of sufficient capacity
to make one pipe. In casting, the ladle is tilted
at a uniform rate by an electrically operated
tilting mechanism thus maintaining a constant
uniform pouring rate. In forming the inside
contour of the pipe bell, 2 sand core is inserted
into the bell end of the mold. This is done
when the mold or machine is at the lower end
of the fixed bed. Following that operation the
machine is moved to the upper portion of the
fixed bed.

When the machine is at the extreme upper
end of the fixed bed, it is ready for casting,
at which time the stationary trough extends
into the barrel of the mold for nearly its full
length. After the casting ladle has been filled
by a transfer ladle from the cupola, the ma-
chine operator, stationed at the bell end of

the machine, by means of push-button con-
trol, brings the mold up to speed and actuates
the mechanism controlling the tilting of the
ladle. After the iron has filled the bell space
the mold is started down the bed of the ma-
chine. The stream of iron discharged from the
spout flows onto the surface of the mold, where
it is held in place by centrifugal force and
forms a homogeneous pipe with a perfectly
cylindrical bore. The hydraulic eylinder is sup-
plied with a regulated amount of water at a
constant pressure which results in uniform
longitudinal movement of the mold. Since the
pouring rate of the casting ladle and the
amount of water supplied to the hydraulic
cylinder can be regulated easily and accurately,
the wall thickness of the pipe is held within
desired tolerances.

After the pipe is completely cast, the mold
is kept rotating at its original speed until
the pipe has cooled to approximately 1500° F.
The pipe is then taken from the machine,
transferred to and travels through a closely
regulated heat treating furnace where it
reaches a maximum temperature of 1720° F.
and is slowly cooled below 1200° F. before
leaving the furnace.

Following removal of each pipe from the
casting machine, the mold is cleaned and is
then ready for the casting of another pipe.
The entire casting operation requires from
1Y% to 8 minutes depending upon the diameter
and the thickness of the pipe.






DUCTILE CAST IRON PIPE
INFORMATION ABOUT WALL THICKNESS DESIGN

Ductile iron pipe wall thickness i3 deter-
mined according to the American Standard
for the Thickness Design of Ductile Iron Pipe
ANSI A21.50 (AWWA C150). As explained in
this Standard, the method of design is based
on flexible pipe principles as opposed to the
rigid pipe principles which apply to gray iron
pipe. Whereas in gray iron pipe (ANSI Stan-
dard A21.1 [AWWA C101]) external earth
load and internal pressure work in combination
against the pipe, in ductile iron pipe, the ex-
ternal load is counteracted by internal pressure.
In other words, if empty duectile iron pipe is
deflected by earth load, it is re-rounded by the
introduection of internal pressure. Furthermore,

the design principles applicable to a flexible

pipe recognize the support provided by the
soil surrounding such a pipe. Such support is
not present with rigid piping materials.

The procedure for the thickness design of
ductile iron pipe is to calculate the thickness
required for the earth load at the depth of
cover indicated, including an allowance for
trucks passing over the pipe. To this is applied
a factor of safety of 2.5. Then a check is made
by the standard hoop formula to determine
if this thickness is adequate for the internal
pressure required. Only in the case of a
very shallow depth of cover and an excessive
pressure would it be necessary to increase- the
thickness determined by external load alone.

To this thickness is added a corrosion allow-
ance of .08 and the specified foundry toler-
ance to determine total calculated thickness.

In order to save time and simplify the pro-
cedure, calculations have been made for the
most common conditions and published in
tables in A21.50.

In specifying and ordering pipe, the total
calculated thickness is used to select one of
the standard class thicknesses. The standard
thickness nearest the calculated value is se-
lected. When calculated thickness is halfway
between two classes, select the heavier class.
When calculated thickness is less than half-
way, select the lighter class. When calculated
thickness is less than the minimum standard
thickness, select the minimum standard thick-
ness. When pipe is to be tapped for service
connections, consult Appendix table of ANSI
A21.51 (AWWA C151), or see page 220.

The thickness values in the A21.50 tables
limit the maximum deflection of the pipe to
2%. Experimentation has proved that it would
take more than 3%, deflection to impair the
cement lining of cement lined ductile iron pipe.

For job conditions different from these most
common ones, the thickness must be calculated
according to the principles of flexible pipe
design. We will be glad to assist in doing this
on request.

See page 221 for standard thickness selection table for varying
depths of trench, laying conditions, and rated working pressure.

STANDARD THICKNESS CLASSES
ANS] A21.50—AWWA C150
Wall Thickness in Inches

Nominal
Diameter Class Class Class Class Class Class
Inches 1 2 3 4 5 6
3 . 0.28 0.31 0.34 0.37 0.40
4 o 0.29 0.32 0.35 0.38 0.41
6 .. 0.31 0.34 0.37 0.40 0.43
8 .. 0.33 0.36 0.39 0.42 0.45
10 Ce 0.35 0.38 0.41 0.44 0.47
12 o 0.37 0.40 0.43 0.46 0.49
14 0.36 0.39 0.42 0.45 0.48 0.51
16 0.37 0.40 0.43 0.46 0.49 0.52
18 0.38 0.41 0.44 0.47 0.50 0.53
20 0.39 0.42 0.45 0.48 0.51 0.54
24 0.41 0.44 0.47 0.50 0.53 0.56
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EVOLUTION OF CAST IRON PIPE & FITTINGS SPECIFICATIONS

Prior to 1902, there were no standard
specifications for cast iron pipe in this
country. Before that time, pipe was furnished
to individual consumer specifications, or to
manufacturer’s specifications.

The first widely accepted specifications
were those adopted by the American Water
Works Association in 1908. These covered pit
cast water pipe, and fittings, and were
preceded by specifications of the New
England Waterworks Association in 1902,
and by those of the American Society for
Testing Materials in 1904.

Separate specifications for pit cast iron
pipe and fittings for gas were adopted by the
American Gas Institute in 1911, and were
revised and reissued by the American Gas
Association in 1929.

In 1927, Federal Specifications FS-537
were issued covering cast iron water pipe,
centrifugally cast. These specifications were
superseded by Federal Specifications WW-
P-421 in 1931.

In 1926, Committee A21 of the American
Standards Association was formed to prepare
new standard specifications for cast iron pipe
under the sponsorship of the AGA, ASTM,
AWWA, and NEWWA. Participating in
this work were representatives of sponsors,
consumers, producers, and consulting engi-
neers. This Committee studied the factors
influencing the design of cast iron pipe,
evaluating the best available knowledge of
ground stresses, the actual up-to-date record
of pipe service experience, and advances
made in manufacturing and metallurgy.

The result of this comprehensive, scientific
study was the issue in 1939 of ASA A21.1,
“Manual for the Computation of Strength
and Thickness of Cast Iron Pipe.” This
manual recognizes in pipe design the effect
of trench loads, water hammer, corrosion,
and safety factors, as well as internal pres-
sure, and represents the best knowledge that

could be applied to cast iron pipe design.
Specification ASA A21.1 was the basis for
the several specifications which in 1952 and
1953 were first issued by the American Stan-
dards Association and adopted by its spon-
soring bodies.

In 1955, the Federal Specifications Board
issued a revised WW-P-421 specification,
WW-P-421a, which was later superseded by
WW-P421b and WW-P-42lc. Weights,
thicknesses and dimensions of pipe in this
specification conform to the appropriate
provisions of ANSI specifications.

In 1965, ASA A21.50 (AWWA Manual
H3) was adopted, covering ductile cast iron
pipe design, along with ASA A21.51
(AWWA C151) Ductile Cast Iron Pipe for
Water, and ASA A21.52, Ductile Cast Iron
Pipe for Gas.

In 1968, A21.14, “Gray Iron and Ductile
Iron Fittings for Gas,” was adopted by the
standards association.

In 1969, the standards association changed
its name to American National Standards
Institute, Inc. It also changed the designa-
tion of its standards to “American National
Standard,” abbreviated ANSI for the
identification of documents: as ANSI A21.11.

Our cast iron pipe and fittings conform to
the latest revisions of the following ANSI
specifications listed on page 17.

In 1972, the Standards Institute adopted
A.21.5 (AWWA C105), “Polyethylene En-
casement for Gray and Ductile Cast Iron
Piping for Water and Other Liquids.”

For information, selected parts of some
specifications have been reproduced in the
Addenda Section of this catalog and com-
plete copies of such specifications will be
furnished on request. It is our policy, how-
ever, in the absence of customer specifi-
cations to the contrary, to furnish cast iron
pipe and fittings conforming with the latest
revision of the specification which applies.

Important specification data is detailed on pages 212-221




CAST IRON
PIPE & FITTINGS

SPECIFICATIONS

ANSI specifications are sponsored by
American Gas Association

American Water Works Association
New England Water Works Association

For detailed information on
specifications, see pages 210-222
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AMERICAN NATIONAL STANDARDS
INSTITUTE
AMERICAN WATER WORKS ASSOCIATION
AND FEDERAL SPECIFICATIONS

ANSI Spec. A21.1/AWWA Spec. C101:
Thickness Design of Cast Iron Pipe.

ANSI Spec. A21.4/AWWA Spec. C104:

Cement Mortar Lining for Cast Iron and Ductile Iron
Pipe and Fittings for Water.

ANSI Spec. A21.5 (AWWA C105):

Polyethylene Encasement for Gray and Ductile Cast
Iron Piping for Water and Other Liquids.

ANSI Spec. A21.6/AWWA Spec. C106:

Cast Iron Pipe Centrifugally Cast in Metal Moids,
for Water or Other Liquids.

ANSI Spec. A21.10/AWWA Spec. C110:

Cast Iron and Ductile Iron Fittings, 2" through 48",
for Water and Other Liquids.

ANSI Spec. A21.11/AWWA Spec. C111:
Rubber Gasket Joints for Cast Iron and Ductile iron
Pressure Pipe and Fittings.

ANSI Spec. A21.14:

Gray Iron and Ductile Iron Fittings 3 thru 24" for
Gas.

ANSI Spec. A21.50/AWWA Spec. C150:
Thickness Design of Ductiie lron Pipe.

ANSI Spec. A21.51/AWWA Spec. C151:

Ductile Iron Pipe, Centrifugally Cast, in Metal Molds
or Sand Lined Molds, for Water or Other Liquids.
ANSI Spec. A21.52:

Ductile Iron Pipe, Centrifugally Cast, in Metal Molds
or Sand Lined Molds, for Gas.

ANSI Spec. B16.1:

Cast Iron Pipe Flanges and Flanged Fittings, Class
126.

Federal Specification WW-P-421c:

Pipe, Cast Gray and Ductile Iron, Pressure (For
Water or Other Liquids), 3" thru 24”.



TERMS AND CONDITIONS

1. All orders are subject to approval and acceptance by Clow’s Sales Department.

2. Acceptance of orders, whether oral or written, is based on the express condition that Buyer agrees
to all of the terms and conditions conlained herein. Acceptance of delivery by Buyer will constitute
Buyer's assent to these terms and conditions. These terms and conditions represent the complele agree-
ment of the parties, and no terms or conditions in any way adding to, modifying or otherwise changing
the provisions stated herein shall bind Clow unless made in writing and signed and approved by an
officer or other authorized person at the home office of Clow or at the main office of one of Clow’s divisions.
No modification of any of these terms will be effected by Clow’s shipment of goods following receipt of
Buyer's purchase order, shipping request or similar forms containing printed terms and conditions
conflicting or inconsistent unth the terms herein.

3. Unless otherwise stated herein, all prices are F.O.B. point of manufacture and are subject
to adjustment, without notice, to Clow’s prices in effect at the time of shipment. Any increase in
transportation rates or any changes in routing resulting in an increase in transportation costs
shall be paid and borne by Buyer.

4. Terms are NET 30 days. A service charge of 1149, per month will be added to all past
due accounts.

5. Clow shall not be liable for delays in shipment or default in delivery for any cause beyond
Clow’s reasonable control including, but not limited to, government action, shortage of labor, raw
material, production or transportation facilities, labor difficulty involving employees of Clow or
others, fire, flood or other casualty. In the event of any delay in Clow’s performance due in whole
or in part to any cause beyond Clow’s reasonable control, Clow shall have such additional tiime
for performance as may be reasonably necessary under the circumstances. Acceptance by Buyer
of any goods shall constitute a waiver by Buyer of any claim for damages on account of any delay
in delivery of such goods.

6. All taxes and excises of any nature whatsoever now or hereafter levied by governmental
%utlllsority upon the sale or transportation of any goods covered hereby shall be paid and borne

y Buyer.

7. Delivery of goods by Clow to carrier shall be deemed delivery to Buyer and thereupon
title to such goods, and risk of loss or damage, shall be Buyer’s. Any claim by Buyer against Clow
for shortage or damage occurring frior to such delivery must be made in writing within five (5)
days after receipt of shipment and accompanied by original transportation bill signed by carrier
noting that carrier received goods from Clow in the condition claimed.

8. All goods sold.by Clow are warranted to be free from defects in material and workmanship.

THE FOREGOING WARRANTY IS IN LIEU OF AND EXCLUDES ALL OTHER WAR-
RANTIES NOT EXPRESSLY SET FORTH HEREIN, WHETHER EXPRESS OR IMPLIED
BY OPERATION OF LAW OR OTHERWISE, INCLUDING BUT NOT LIMITED TO ANY
IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS.

Clow shall not be liable for incidental or consequential losses, damages or expenses, direclly or in-
directly arising from the sale, handling or use of the goods, or from any other cause relating therelo,
and Clows liability hereunder in any case is expressly limited io the replacement (in the form originally
shipped) of goods mot complying with this agreement, or, at Clow’s election, to the repayment of, or
crediting Buyer with, an amount equal to the purchase price of such goods, whether such claims are for
breach of warranty or negligence. -

Any claim by Buyer with reference to the goods sold hereunder for any cause shall be deemed
waived by the Buyer unless submitted to Clow in writing within thirty (30) days from the date
Buyer discovered, or should have discovered, any claimed breach. .

9. Clow reserves the right to require payment for any shipment hereunder in advance, or
satisfactory security, if the financial responsibility of Buyer becomes unsatisfactory to Clow. If
Buyer fails to make payment in accordance with the terms of this agreement, or fails to comply
with any provision hereof, Clow may, at its option, (and in addition to other remedies) cancel any
unshipped portion of this order, Buyer to remain liable for all unpaid accounts.

10. Delivery by truck will be made to nearest points reasonably accessible by truck as deter-
mined by the lall'iver. Buyer will furnish and pay g)r necessary labor to unload and store goods.
Buyer shall note loss or damage on truck shipments upon delivery ticket returned to Clow.

11. Goods cannot be returned, and orders once accepted cannot be cancelled, without Clow’s
prior written-consent.

12. Waiver by Clow of any breach of these terms and conditions shall not be construed as a
waiver of any other breach, and failure to exercise any right arising from any default hereunder
shall not be deemed a waiver of such right which may be exercised at any subsequent time.

CHANGES IN STANDARDS

The constant advancement of our industry will, from time to time, permit us to make im-
rovements in the product. The details of illustrations, specifications and measurements shown
in this catalog are correct as of the date of publication. We reserve the right, however, to make
any changes which in our opinion will improve the product and will make every effort to furnish
any material ordered from this catalog in accordance with the standards current at the time
the order is filled.
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WHEN ORDERING OR REQUESTING QUOTATIONS

Figure Numbers

Wherever possible designate pipe, fittings and other material by Pipe Econom
Figure Numbers. Use of Figure Numbers avoids all confusion as to what is wanted,
and will help us to submit quotations and fill orders accurately and promptly.

Destination and Method of Shipment: Freight
is an important part of the cost of material,
and it is important that we know if quanti-
ties to be quoted are truckload or less than
truckload, and we must know the destination.
If shipment is wanted by rail we should be
so advised. We should be advised also if partial
shipments must be made comprising less than
carload, or less than truckload quantities.

Length and Types of Pipe: Give the number
of feet of each pipe size required: pipe are made
in nominal 18-foot lengths but can measure over
18 feet. The actual length is used in computing
footage and for pricing. State type of joint:
Super Bell-Tite, Mechanical Joint, Flanged,
ete. Unless otherwise specified, we will always
ship plain rubber gaskets for Super Beil-Tite
and Mechanical Joint pipe.

Class of Pipe: When ordering, refer to ANSI
thickness class (gray iron Class 22, Class 23,
ete. or ductile iron Class 1, Class 2, ete.). If
you specify pipe by pressure class, also state
the depth of trench and laying condition.

Interior and Exterior Coatings: Unless other-
wise specified, Super Beil-Tite and Mechanical
Joint pipe will be furnished with standard
cement lining inside and tar-coating out and
other types of pipe and all fittings will be
furnished tar-coated inside and out; however,
cement lined Flanged pipe may be substituted
in lieu of tar-coated without prior notification.

Cut Pipe: If shorter than nominal 18-foot length
Super Bell-Tite or Mechanical Joint pipe is re-
quired, give exact laying length. This pipe will
be furnished laying length unless specifically
ordered overall length. While the standard lay-
ing length for Flanged, F. & P E., or F. & B.
pipe is 17'-0", we can furnish any shorter
lengths as required.

Field Cuts: If 147 and larger diameter ductile
pipe must be cut in the field, specify the num-
ber or percentage of pipe on the order. Such
pipe will be gaged full length and marked with
a blue stripe running the length of the barrel.

Flanges: Unless otherwise specified, all flanges
will be faced and drilled to 125 pound template
as specified in ANSI B16.1. Flanges ordered
tapped for studs, unless specified otherwise, will
be tapped to 125 pound template. Note that in
standard drilling, bolt holes straddle the center-
line. Where special drilling is required, furnish
sketch specifying bolt circle, and number and
size of bolt holes.

Tapped Pipe and Fittings: Unless otherwise
specified, tapped pipe and fittings will be
tapped for iron pipe size pipe, and tapped
directly into the body of the pipe or fittings.
If the size of tap in a fitting requires a boss, the
boss will be cast on or welded on at our option.
Taps are located on the centerline straddling
bolt holes unless specified otherwise.

For Ordering Information on Fire Hydrants and Valves, see pages 139 and 157,

UNDERWRITERS LABORATORIES, INC. LISTING

Clow Gray Cast Iron and Ductile Cast
Iron Pipe with Push-On, Mechanical, and/or
Flanged Joint is Underwriters Laboratories,
Ine. listed in all diameters 3 through 24" in
all standard thickness classes of specifications
ANSI A21.6 (AWWA C106), ANSI A21.51
(AWWA C151) and Federal Specifications
WW-P-421¢, including tar coated, uncoated or
cement mortar lined.

3”7 thru 12" gray cast iron pipe with plain
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ends in steel pipe sizes is listed for above ground
service not exceeding 150 psi.

Clow ANSI A21.10 (AWWA C110) and
ANSI B16.1 bends, tees, crosses and reducers
with Push-On, Mechanical, and/or Flanged -
Joints are Underwriters listed in all sizes 3"
through 12" for water working pressures not
exceeding 250 psi.

For Underwriters listed gate valves, indicator
posts, check valves, and hydrants see pages 162,
163 and 164.



























SUPER BELL-TITE® PUSH-ON JOINT CAST IRON PIPE

HOW THE JOINT IS ASSEMBLED

A step-by-step procedure for assembling the Super Bell-Tite joint is described and illustrated -
on the following page. The information given below is of a supplementary and explanatory nature.

BELL CLEANING

It is essential that the gasket groove be clean
and free of foreign matter prior to lubrication
and gasket installation. Dirt and sand can
normally be wiped out with a cloth. Wet sand,
mud and ice may occur at the top or side as
well as bottom of the bell—requiring the use
of a scraping tool, wire brush or flushing with
water

BELL LUBRICATION

The cleaned gasket groove should be lubri-
cated to make gasket installation easier and
to assist in the proper positioning of the gas-
ket.

THE GASKET

Super Bell-Tite gaskets
have recesses in one side
as pictured here. Only
Super Bell-Tite gaskets
can be used. They are not
interchangeable with any
other gasket. When in-
stalling the gasket, the
side with recesses must
face into the pipe and
away from the installer.
It is important that the
gasket be clean before use.

GASKETING

The gasket must be correctly positioned in the
gasket groove. An incorrectly positioned gasket
may be torn or jammed by an entering plain
end. The gasket will easily slip into its correct
position if the bell groove has been lubricated.
Check with fingers to be sure of correct place-
ment.

ey " 1

Incorrect Correct

JOINING

Super Bell-Tite lubricant must be applied to
the installed gasket to reduce friction and
avoid gasket damage during joint assembly.
To assure complete coverage, lubricant may
also be applied to the bevel of the plain end.
The joint should be assembled with pipe in
reasonably straight alignment. Attempting to
assemble the joint at a severe angle will cause
damage to the gasket.

FIELD CUT PIPE

The outside edge on cut pipe must be beveled
and smoothed as any sharp corner may cause
gasket damage. A portable grinder is sug-
gested for beveling cut pipe. Straight align-
ment is especially important when assembling
field cut pipe.

COLD WEATHER INSTALLATION

It is more difficult to position the gasket and
assemble the joint in cold weather because of
the stiffness of cold rubber. For ease of as-
sembly, it is recommended that the gaskets
be warmed up prior to placement in the bell,
It should be noted that during cold weather
it is far more difficult to effectively clean out
the bell. Ice or frozen dirt in the gasket groove
can prevent proper seating of the gasket.

LUBRICANT

Super Bell-Tite lubricant is non-toxic, odor-
less, tasteless and will not support bacteria.
Do not substitute other or similar material for
this use. The following table indicates the ap-
proximate lubricant usage by pipe size.

Recommended Number of Joints to be Assembled per Pound of Lubricant

Ei;?g‘;g 3| 4| 6|8 |10 12|14 | 16|18 |2 |2
No. Joints per
pound of lubricant 22 | 16 | 11 | 8 6 5 5 4 4 3 2

Note: See page 27 for information on the Super Bell-Tite joint.
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RUGCTILE GAST IRERN PIPE

SUPER BELL-TITE® PUSH-ON JOINT

Meets the Requirements of Specification
ANSI A21.51 (AWWA C151), ANSI A21.11 (AWWA Cl1 l) and
Federal Specification WW-P-421¢ for Type |l Pipe

T
DEPTH OF BELL -I-—NomNAL LENGTH 18 FT.
F-172-D

SUPER BELL-TITE PUSH-ON JOINT

DIMENSIONS AND WEIGHTS
For Standard Thickness Selection Table 51.2 of ANSI A21.51, see page 221.

Wall Thickness Dimensions—Inches Approximate Weight—Pounds
Jomiélal
Inside 5 *
Mameter | ANSI | T A | Aas | B | © | Bell | pipe | 1&Foot Length
Inches | Thick. In Pipe |Av. Pipe| Bell | Bell | Metal | Barrel Per Per
Class | Inches | O.D. I.D. ID. | O.D. | Only [Per Fi. Foot | Length
1 .36 15.30 14.58 | 15.42 | 18.66 76 51.7 55.9 1005
2 .39 1530 | 14.52 | 15.42 | 18.66 76 55.9 | 60.1 1080
14 3 42 1530 | 14.46 | 15.42 | 18.66 76 60.1 64.3 1160
4 45 15.30 14.40 | 15.42 | 18.66 76 64.2 68.4 1230
5 .48 1530 | 14.34 1542 | 18.66 76 68.4 72.6 1305
6 .51 15.30 | 14.28 | 15.42 | 18.66 76 72.5 | 76.7 1380
1 .37 17.40 | 16.66 | 17.53 | 20.90 94 60.6 | 65.8 1185
2 .40 17.40 | 16.60 | 17.53 | 20.90 94 65.4 70.6 1270
16 3 43 17.40 | 16.54 | 17.53 | 20.90 94 70.1 75.3 1355
4 .46 17.40 | 16.48 | 17.53 | 20.90 94 74.9 80.1 1440
5 49 1740 | 16.42 17.53 | 20.90 94 79.7 84.9 1530
6 .52 17.40 | 16.36 17.53 | 20.90 94 84.4 89.6 1615
1 .38 19.50 | 18.74 | 19.64 | 23.16 | 112 69.8 | 76.0 1370
2 41 19.50 | 18.68 19.64 | 23.16 112 75.2 81.4 1465
18 3 44 19.50 18.62 | 19.64 | 23.16 ; 112 80.6 86.8 1565
4 47 19.50 18.56 | 19.64 | 23.16 | 112 86.0 92.2 1660
5 .50 19.50 18.50 | 19.64 | 23.16 | 112 91.3 97.5 1755
6 .53 19.50 | 18.44 | 19.64 | 23.16 112 96.7 | 102.9 1855
1 .39 21.60 | 20.82 | 21.74 | 25.39 130 79.5 86.7 1560
2 42 21.60 | 20.76 | 21.74 | 25.39 130 85.5 92.7 1670
20 3 .45 21.60 | 20.70 | 21.74 | 25.39 | 130 91.5 98.7 1775
4 48 21.60 | 20.64 | 21.74 | 25.39 130 97.5 | 104.7 1885
5 .51 21.60 | 20.58 | 21.74 | 25.39 | 130 ( 103.4 | 110.6 1990
6 .54 21.60 | 20.52 | 21.74 | 25.39 130 | 109.3 | 116.5 2095
1 41 25.80 | 24.98 | 25.95 | 29.85 [ 168 | 100.1 | 109.4 1970
2 44 25.80 | 24.92 | 25.95 | 29.85 168 | 107.3 | 116.6 2100
24 3 47 25.80 | 24.86 | 25.95 | 20.85 [ 168 | 114.4 | 123.7 2225
4 .50 25.80 | 24.80 | 25.95 | 29.85 168 | 121.6 | 130.9 2355
5 .53 25.80 | 24.74 | 25.95 | 29.85 168 | 128.8 | 138.1 2485
6 .56 25.80 | 24.68 | 25.95 | 29.85 | 168 | 1359 | 145.2 2615

* Including bell. Calculated weight of full length pipe is rounded off to nearest five pounds.
Depth of bells: 14°-4.50"; 16°-4.75"; 18°-4.887; 20°-5.00°, and 24°-5.12".
Super Bell-Tite pipe is furnished with F-173 Gasket and Joint Lubricant. See page 27.
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SUPER BELL-TITE® PUSH-ON JOINT CAST IRON FI'I'TING

Meet all Physical Requirements of
ANSI A21.10 (AWWA C110) Specifications
and Joint Requirements of ANSI A21.11 (AWWA C111) Specifications

CONCENTRIC REDUCERS

F-194 Reducer F-195 Reducer
SBT and SBT Small End SBT

DIMENSIONS AND WEIGHTS
F-194 and F-195

Nominal . . .
. Pres- Thickness Laying Length - -
DIlig}llitser sfl?'i Inches Inches Approximate Weight—Pounds
Small Rating
Lﬁxrﬁe End | PO T Ty G L F-194 F-195

4 3 250 .52 .48 7 15 35 35
6 3 250 .55 .48 9 17 50 : 50
6 4 250 .55 .52 9 17 60 55
8 3 250 .60 .48 11 19 75 70
8 4 250 .60 .52 11 19 85 80
8 6 250 .60 .55 11 19 100 90
10 4 250 .68 52 7 12 20 105 100
10 6 250 .68 .55 12 20 120 115
10 8 250 .68 .60 12 20 145 140
12 4 250 75 52 14 22 135 135
12 6 250 75 .55 14 22 155 150
12 8 250 75 .60 14 22 180 175
12 10 250 .75 .68 14 22 200 195
14 6 150 .66 .65 16 24 180 170
14 8 150 .66 .60 16 24 205 200
14 10 150 .66 .68 16 24 225 220
14 12 150 .66 75 16 24 250 245
16 6 150 .70 .55 18 26 215 210
16 8 150 .70 .60 18 26 245 235
16 10 150 .70 .68 18 26 270 260
16 12 150 .70 75 18 26 300 290
16 14 150 .70 .66 18 26 310 300
18 8 150 75 .60 19 27 290 280
18 10 150 75 .68 19 27 315 305
18 12 150 75 75 19 27 345 335
18 14 150 .75 .66 19 27 355 345
18 16 150 .75 .70 19 27 385 375
20 10 150 .80 .68 20 28 365 350
20 12 150 .80 75 20 28 395 380
20 14 150 .80 .66 20 28 405 390
20 16 150 .80 .70 20 28 440 425
20 18 150 .80 75 20 28 475 465
24 12 150 .89 75 24 32 535 515
24 14 150 .89 .66 24 32 545 525
24 16 150 .89 .70 24 32 580 560
24 18 150 .89 75 24 32 625 605
24 20 150 .89 .80 24 32 670 650

Unless ordered otherwise, we always ship F-195 reducer.
For F-970 PE x PE Reducers, see page 51.

Note

3" thru 12" fittings for 350 psi working pressure, and 14" thru 24" fittings for 250
and 350 psi working pressure are furnished to the above dimensions in ductile iron.

See page 27 for accessories furnished.
For Bell O.D. and Depth of Bell, see notes on page 33.
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PUGCTILE GAST IRERN PIPE

MECHANICAL JOINT

Dimensions, Weights, and Tolerances

Meet the Requirements of Specifications

ANSI A21.11 (AWWA C111) Standardized Joint in Combination with

ANSI A21.51 (AWWA C151) Pipe for Water, and/or
Federal Specification WW-P-421¢ for Type 1ll Pipe

'/////////'//'/"”’

DIMENSIONS AND WEIGHTS
For Standard Thickness Selection Table 51.2 of ANSI A21.51, see page 221.

Nominal Wall Thickness Dimensions—Inches Approximate Weight—Pounds
Inside | ANSI T A AA B C Bell | Pipe | 18-Foot Length*
Diameter| Thick. In Pipe | Av. Pipe| Gland [ Depth ( Metal | Barrel | " Per | Per
Inches | Class | Inches | O.D. L.D. O.D. | of Bell| Only |Per Ft.| Foot Length

1 .36 1530 | 14.58 | 20.25 | 3.50 76 51.7 | 55.9 1005
2 .39 15.30 14.52 20.25 | 3.50 76 55.9 60.1 1080
14 3 42 1530 | 14.46 | 20.25 | 3.50 76 60.1 64.3 1160
4 45 15.30 14.40 20.25 | 3.50 76 64.2 68.4 1230
5 48 15.30 14.34 20.25 | 3.50 76 68.4 72.6 1305
6 .51 15.30 14.28 20.25 | 3.50 76 72.5 76.7 1380
1 .37 17.40 | 16.66 | 22.50 | 3.50 93 60.6 | 65.8 1185
2 .40 17.40 16.60 22.50 | 3.50 93 65.4 70.6 1270
16 3 43 17.40 16.54 22.50 { 3.50 93 70.1 75.3 1355
4 .46 17.40 16.48 22.50 | 3.50 93 74.9 80.1 1440
5 49 17.40 16.42 22.50 | 3.50 93 79.7 849 1530
6 .52 17.40 16.36 22.50 | 3.50 93 84.4 89.6 1610
1 .38 19.50 18.74 24.75 | 3.50 111 69.8 76.0 1365
2 41 19.50 18.68 2475 | 3.50 111 75.2 814 1465
18 3 44 19.50 | 18.62 | 24.75 | 3.50 111 80.6 | 86.8 1560
4 47 19.50 18.56 2475 | 3.50 111 86.0 92.2 1660
5 .50 19.50 18.50 24.75 | 3.50 111 91.3 97.5 1755
6 .53 19.50 18.44 24.75 | 3.50 111 96.7 | 102.9 1850
1 .39 21.60 20.82 27.00 | 3.50 131 79.5 86.8 1560
2 42 21.60 20.76 27.00 | 3.50 131 85.5 92.8 1670
20 3 45 21.60 20.70 27.00 | 3.50 131 91.5 98.8 1780
4 48 21.60 20.64 27.00 | 3.50 131 97.5 | 104.8 1885
5 .51 21.60 20.58 27.00 { 3.50 131 103.4 | 110.7 1990
6 .54 21.60 20.52 27.00 | 3.50 131 109.3 | 116.6 2100
1 41 25.80 24.98 31.50 | 3.50 174 100.1 | 109.8 1975
2 44 25.80 24.92 31.50 | 3.50 174 107.3 | 117.0 2105
24 3 47 25.80 24.86 31.50 | 3.50 174 114.4 | 124.1 2235
4 .50 25.80 24.80 31.50 | 3.50 174 121.6 | 131.3 2365
5 .53 25.80 24.74 31.50 | 3.50 174 128.8 | 138.5 2490
6 .56 25.80 | 24.68 | 31.50 | 3.50 174 | 135.9 | 145.6 2620

* Including bell. Calculated weight of full length pipe is rounded off to nearest five pounds.
See page 41 for standard accessories furnished.
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MECHANICAL JOINT GRAY CAST IRON PIPE

Meets the Requirements of Specifications

-////

[~ 72
////////

F-122

FOR WATER OR OTHER LIQUIDS

ANSI A21.11 (AWWA C111) Standardized Joint in Combination with
ANSI A21.6 (AWWA C106) Pipe Barrel for Water
Federal Speciﬂcoﬁon WW-P-421c for Type lll Pipe

NOMINAL LENGTH I8FT.—-I

For selection tables and pressure ratings, refer to pages 216-217,

Nominal ANSI Dimensions—Inches Approximate Weight—Pounds _
Inside | A21.6 Tv}‘?lll( A AAA B | Bell | Pipe 18-Foot Length
Diameter | Thick. le(: ‘| Pipe Pivé Gland | Metal | Barrel Per Per
Inches Class | | o] OD. | 1§ | OD. | Only | Per Ft. | Foot | Length
3 22 .32 3.96 | 3.32 7.69 11 114 12.0 215t
23 .35 3.96 | 3.26 7.69 11 12.4 13.0 235t
24 .38 3.96 3.20 7.69 11 13.3 13.9 250t
25 .41 3.96 3.14 7.69 11 14.3 15.0 270+
4 22 .35 4.80 | 4.10 9.12 16 15.3 16.2 290
23 .38 480 | 4.04 9.12 16 16.5 17.4 315
24 41 4.80 3.98 9.12 16 17.6 18.5 335
25 44 4.80 | 3.92 9.12 16 18.8 19.7 355
6 22 .38 6.90 6.14 | 11.12 22 24.3 25.5 460
23 41 6.90 | 6.08 | 11.12 22 26.1 27.3 490
24 44 6.90 | 6.02 | 11.12 22 27.9 29.1 525
25 48 6.90 5.94 | 11.12 22 30.2 314 565
26 .52 6.90 | 5.86 | 11.12 22 32.5 33.7 605
8 22 41 9.05 8.23 | 13.37 30 34.7 36.4 655
23 44 9.05 | 8.17 | 13.37 30 37.1 38.8 700
24 48 9.05 8.09 | 13.37 30 40.3 42.0 755
25 .52 9.05 8.01 | 13.37 30 43.5 45.2 815
26 .56 9.05 7.93 | 13.37 30 46.6 48.3 870
10 22 44 11.10 | 10.22 | 15.62 40 46.0 48.2 870
23 48 11.10 | 10.14 | 15.62 40 50.0 52.2 940
24 .52 11.10 | 10.06 | 15.62 40 53.9 56.1 1010
25 .56 11.10 | 9.98 | 15.62 40 57.9 60.1 1080
26 .60 11.10 | 9.90 | 15.62 40 61.8 64.0 1150
12 22 48 13.20 | 12.24 | 17.88 50 59.8 &2.6 1125
23 .52 13.20 | 12.16 | 17.88 50 64.6 67.4 1215
24 .56 13.20 | 12.08 | 17.88 50 69.4 722 1300
25 .60 13.20 | 12.00 | 17.88 50 74.1 76.9 1385
26 .65 13.20 | 11.90 | 17.88 50 80.0 82.8 1490
14 21 48 15.30 | 14.34 | 20.25 78 69.7 74.0 1335
22 .51 15.30 | 14.28 | 20.25 78 73.9 78.2 1410
23 .55 15.30 | 14.20 | 20.25 78 79.5 83.8 1510
24 .59 15.30 | 14.12 | 20.25 78 85.1 89.4 1610
25 .64 15.30 | 14.02 | 20.25 78 92.0 96.3 1735
26 .69 15.30 | 13.92 | 20.25 78 98.8 103.1 1855
16 21 .50 17.40 | 16.40 | 22.50 95 82.8 88.1 1585
22 .54 17.40 | 16.32 | 22.50 95 80.2 94.5 1700
23 .58 17.40 | 16.24 | 22.50 95 95.6 100.9 . ~-1815
24 .63 17.40 | 16.14 | 22.50 95 103.6 108.9 1960
25 .68 17.40 | 16.04 | 22.50 95 111.4 116.7 2100
26 .73 17.40 | 15.94 | 22.50 95 119.3 124.6 2240

Dimension C: Depth of Bell: 2.50” on sizes 3” thru 12” and 3.50” on sizes 14" thru 24”.
* Including bell. Calculated weight of full length pipe is rounded off to nearest five pounds.

t Although weights shown are for 18 foot nominal lengths, 3” pipe is furnished in 16- to 18-foot

random lengths. See page 41 for standard accessories furnished.
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PUGUILE GAST IREN POPE

MECHANICAL JOINT—FOR GAS

Dimensions, Weights, and Tolerances
Meet the Requirements of Specifications
ANSI A21.11 Standardized Joint in Combination with _
ANSI A21.52 Pipe for Gas

V772

(]
N
DHIDMIN

O
h B NOMINAL LENGTH I8 FT.

==

A
F-132-D FOR GAS N
For thickness and weights, see pages 38 & 39
NIominal L V&lf{aied A B Depth of Cover in Feet
nside aying orking g
Diameter | Conditiont | Pressure (l;l%e Cé)laDnd 2)513)%|5]8( 12 |16 [ 20 | 24
Inches psi e e Thickness Class
3 A 250 3.96 7.69 2 2 212 2 2 2 2
3 B 250 2 2 |2(2) 2 2 2 2
4 A 250 4.80 9.12 2 2 212 2 2 2 2
4 B 250 2 2 22 2 2 2 2
6 A 250 6.90 | 11.12 2 2 212 2 2 2 2
6 B 250 2 2 212 2 2 2 2
8 A 250 9.05 | 13.37 2 2 212 2 2 2 2
8 B 250 2 2 22 2 2 2 2
10 A 250 11.10 | 15.62 2 2 212 2 2 3 3
10 B 250 2 2 22| 2 2 3 3
12 A 250 13.20 | 17.88 2 2 212 2 2 3 4
12 B 250 2 2 212 2 2 3 3
14 A 250 15.30 | 20.25 1 1 1)1 2 3 4 4
14 B 250 1 1 1)1 1 3 3 - 4
16 A 250 1740 |1 2250 | 1 1 111 2 3 4 5
16 B 250 1 1 1(1| 2 3 4 5
18 A 250 19.50 | 24.75 1 1 1(1 2 4 5 6
18 B 250 1 1 111 2 3 4 6
20 A 250 21.60 | 27.00 1 1 1(1 3 4 6
20 B 250 1 1 1(1 2 4 5
24 A 250 25.80 | 31.50 2 1 1]2 4 6
24 B 250 1 1 111 3 5

Dimension C: Depth of Bell: 2.50” on sizes 3" thru 12” and 3.50" on sizes 14" thru 24".

1 Laying Condition A—Flat bottom trench—without blocks—untamped backfill.
Laying Condition B—Flat bottom trench—without blocks—tamped backfill.

Gaskets
Unless otherwise specified when ordering, all Clow Mechanical Joint Cast Iron Pipe will be
furnished with plain rubber gaskets which meet all requirements of ANSI Specifications A21.11 for
design, physical properties, and prescribed tests. '
For maximum deflection of joint, see page 36. For maximum size of service taps, see page 220
See page 41 for standard accessories furnished.
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MECHANICAL JOINT CAST IRON FITTINGS

Meet all Applicable Requirements of
ANSI A21.10 (AWWA C110) and ANSI A21.11 (AWWA C111) Specifications

TEES
? For Use with Super ; f T
I Jm, Bell-Tite Push-On s/ O |

_U Mechanical Joint Pipe
__.‘__—___ or any -‘___ ___———
M A—A Plain End Pipe of A
Same Outside Diameter
F-940 Tee F-942 Tee
MJ, MJ and MJ MJ, PE and MJ

DIMENSIONS AND WEIGHTS
F-940 and F-942

Nominal roxi Weight—Pounds
Diameter |Fressure Dimensions—Inches Approximate ght—Pound

Inches Rating Body Castings Only

Run| Branch | P [T | T, A B S F-940 F-942
3 3 250 A48 | 48 5.5 5.5 13.5 55 55
4 3 250 .52 | 48 6.5 6.5 14.5 75 70
4 4 250 | .52 | .52 6.5 6.5 | 14.5 80 75
6 3 250 | .55 | .48 8 8 16 110 105
6 4 250 55 | .52 8 8 16 115 110
6 6 250 .55 | .55 8 8 16 125 120
8 3 250 .60 | .48 9 9 . 155 e
8 4 250 .60 | .52 9 9 17 165 160
8 6 250 60 | .55 9 9 17 175 170
8 8 250 .60 | .60 9 9 17 185 180
10 3 250 .68 | .48 11 11 . 230 e
10 4 250 .68 | .52 11 11 19 235 235
10 6 250 .68 | .55 11 11 19 250 250
10 8 250 .68 | .60 11 11 19 260 260
10 10 250 .80 | .80 11 11 19 310 310
12 3 250 75 | 48 12 12 . 305 .
12 4 250 75 | .52 12 12 20 315 315
12 6 250 75 | .55 12 12 20 325 325
12 8 250 75 | .60 12 12 20 340 340

12 10 250 87 | .80 12 12 20 380 390
12 12 250 87 | .87 12 12 20 410 410
14 6 150 .66 | .55 14 14 22 435 420
14 8 150 .66 | .60 14 14 22 450 435
14 10 150 .66 | .68 14 14 22 465 450
14 12* 150 82 | .75 14 14 22 540 525
14 14* 150 .82 | .82 14 14 22 585 570
16 6 150 .70 | .55 15 15 23 540 520
16 8 150 .70 | .60 15 15 23 550 530
16 10 150 .70 | .68 15 15 23 570 550
16 12 150 70 | .75 15 15 23 590 570
16 14* 150 .89 | .82 15 15 23 710 690
16 16* 150 .89 | .89 15 15 23 740 720

* We reserve the option to furnish these fittings to Class B wall thickness in ductile iron, whic
are rated by ANSI A21.10 for 350 psi working pressure.
See page 41 for standard accessories furnished.

Note

3” thru 12" fittings for 350 psi working pressure, and 14" thru 24" fittings for 250
and 350 psi working pressure are furnished to the above dimensions in ductile iron.
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MECHANICAL JOINT CAST IRON FITTINGS

Meet all Applicable Requirements of ANSI A21.10 (AWWA C110)
and ANSI A21.11 (AWWA C111) Specifications

TEES
; f i-n For Use with Super F T
T T' Bell-Tite Push-On i Jm,
A

Mechanical Joint Pipe
- or any - _LL S
—A Plain End Pipe of — A S
Same Outside Diameter
F-940 Tee F-942 Tee
M), M) and MJ DIMENSIONS AND WEIGHTS MJ, PE and MJ
F-940 and F-942
Nominal Pres- A imate Weight—Pound
Diameter sure Dimensions—Inches pproximate Weig ounds
Inches Rating Body Castings Only
Run| Branch | psi T[T, A. B S F-940 F-942
18 6 150 75| 55| 13 155 | 21 590 565
18 8 150 751 601 13 15.5 21 605 580
18 10 150 751 68| 13 15.5 21 620 595
18 12 150 S5 75| 13 15.5 21 640 615
18 14 150 75 66| 16.5 16.5 24.5 755 730
- 18 16* 150 96| .89 | 165 16.5 24.5 905 880
18 18* 150 961 .96 | 16.5 16.5 24.5 945 920
.20 6 150 80| .55 | 14 17 22 725 695
- 20 8 150 80| .60 | 14 17 22 735 705
© 20 10 150 80| .68 14 17 22 755 725
‘ 20 12 150 80| .75 14 17 22 775 745
20 | 14 150 | 80| 66| 14 | 17 | 22 795 765
20 [ 16 150 | 80| 70| 18 | 18 | 26 945 915
20| 18 | 150 [1.03| 96| 18 | 18 | 26 1140 1110
(20| 20* | 150 |1.03]1.03]| 18 | 18 |26 1185 1155
I 24 6 150 89| 55| 156 19 23 985 945
| 24 8 150 89| 60 15 19 23 1000 960
24 10 150 89| 68| 15 19 23 1020 980
24 12 150 89| 751 15 19 23 1030 990
| 24 14 150 89| 66| 15 19 23 1055 1015
124 16 150 89| 70| 15 19 23 1075 1035
| 24 18 150 89| 75| 22 22 30 1400 1360
24 20* 150 | 1.16 | 1.03 | 22 22 30 1720 1680
; 24 24* 150 | 1.16 | 1.16 | 22 22 30 1815 1775

* We reserve the option to furnish these fittings to Class B wall thickness in ductile iron, which
are rated by ANSI A21.10 for 350 psi working pressure.
For BASE tees, see page 54.

See page 41 for standard accessories furnished.

Note
3” thru 12” fittings for 350 psi working pressure, and 14" thru 24" fittings for 250
and 350 psi working pressure are furnished to the above dimensions in ductile iron.

Clearance Required for Ratchet Wrench between Two Mechanical Joint

Mechanical Joint to Mechanical Joint Mechanical Joint to Flanged Joint
Minimum Length of Connecters Which Can Be Usedit
Pipesize................ Inches| 3 4 6 8 |10 |12 [ 14 | 16 | 18 | 20 | 24

“A” =minimum length....Inches|12.00/12.75|12.75(13.50{13.50|13.25(15.25|16.00(16.00/16.00(16.50
“B” =minimum length....Inches| 9.00{ 9.75{10.00|10.50]10.75|10.50!11.75(12.50(12.50|12.75|13.50

tt If open end wrenches are used, overall lengths “A’’ and “B’’ may be reduced by 214 inches.
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MECHANICAL JOINT CAST IRON FITTINGS

Meet all Applicable Requirements of
ANSI A21.10 (AWWA C110) and ANSI A21.11 (AWWA C111) Specifications

CROSSES ﬁ:
T ), < For use with Super 7 ni: "E

Bell-Tite Push-On
- - Mechanical Joint Pipe - _-—
A A— or any A S
Plain End Pipe of o
Same Outside Diameter ! { !

F-945 Cross F-947 Cross

MJ, MJ, M) and MJ MJ, PE, MJ and MJ
DIMENSIONS AND WEIGHTS

F-945 and F-947

Nominal imate Weight—Pounds
Diameter |Pressure Dimensions—Inches Approxima W-Elg ou
Inches Rating Body Castings Only
Run | Branch pst T T, A B S F-945 F-947
3 3 250 48 A48 5.50 5.50 13.5 70 70
4 .3 250 .52 48 6.5 6.5 14.5 20 85
4 4 250 .52 .52 6.5 6.5 14.5 105 100
6 3 250 .66 A48 8 8 16 125 120
6 -4 250 .55 .52 8 8 16 140 135
6 6 250 .55 .55 8 8 16 160 155
8 4 250 .60 .52 9 9 17 185 180
8 6 250 .60 .55 9 9 17 205 200
8 8 250 .60 .60 9 9 17 235 230
10 4 250 .68 .52 11 11 19 260 260
10 6 250 .68 .55 11 11 19 285 285
10 8 250 .68 .60 11 11 19 310 : 310
10 10 250 .80 .80 11 11 19 380 380
12 4 250 75 52 12 12 20 340 340
12 6 250 .75 .65 12 12 20 360 360
12 8 250 .75 .60 12 12 20 385 385
12 10 250 .87 .80 12 | 12 20 460 460
12 12 250 .87 87 12 12 20 495 495
14 6 150 .66 .55 14 14 22 475 460
14 8 150 .66 .60 14 14 22 500 485
14 10 150 .66 .68 14 14 22 540. 525
14 12% 150 .82 .75 14 14 22 630 615
14 14* 150 .82 82 14 14 22 710 695
16 6 150 .70 .55 15 15 23 575 555
16 8 150 .70 .60 15 15 23 605 585
16 10 150 .70 .68 15 15 23 645 625
16 12 150 .70 75 15 15 23 685 665
16 14* 150 .89 .82 15 15 23 830 810
16 16* 150 .89 .89 15 15 23 895 875
18 6 150 75 .55 13 15.5 21 625 600
18 8 150 75 .60 13 15.5 21 655 630
18 10 150 .75 .68 13 15.5 21 685 660
18 12 150 .75 75 13 15.5 21 726 700
18 14 150 75 .66 16.5 16.5 24.5 870 845
18 16* 150 .96 .89 16.5 16.5 24.5 1060 1035
18 18* 150 .96 .96 16.5 16.5 24.5 1130 1105
Note ‘

3" thru 12" fittings for 350 psi working pressure, and 14" thru 24" fittings for 250
and 350 psi working pressure are furnished to the above dimensions in ductile iron.

See page 41 for standard accessories furnished.

* We reserve the option to furnish these fittings to Class B wall thickness in ductile iron, which are rated
by ANSI A21.10 for 350 psi working pressure. For Mechanical Joint Tapped Crosses, see page 112.
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MECHANICAL JOINT CAST IRON FITTINGS
Meet all Applicable Requirements of
ANSI A21.10 (AWWA C110) and ANS! A21.11 (AWWA C11 1) Specifications

CROSSES DIMENSIONS AND WEIGHTS F-945 and F-947 (Cont’d)

Nominal Pres- : Approximate Weight—Pounds
Diameter sure Dimensions—Inches PP &

Inches Rating Body Castings Only
Run | Branch ps1 T T A B S F-945 F-947
20 6 150 .80 .55 14 17 22 760 730
20 8 150 .80 .60 14 17 22 790 760
20 10 150 .80 .68 14 17 22 820 790
20 12 150 .80 75 14 17 22 860 830
20 14 150 .80 .66 14 17 22 905 875
20 16 150 .80 .70 18 18 26 1085 1055
20 18% 150 1.03 .96 18 18 26 1330 1300
20 20* 150 1.03 1.03 18 18 26 1415 1385
24 [} 150 .89 .65 15 19 23 1025 985
24 8 150 .89 .60 15 19 23 1045 1005
24 10 150 .89 .68 15 19 23 1085 1045
24 12 150 89 75 15 19 23 1110 1070
24 14 150 .89 .66 15 19 23 1155 1115
24 16 150 .89 .70 15 19 23 1200 1160
24 18 150 .89 75 22 22 30 1590 1550
24 20% 150 1.16 1.03 22 22 30 1965 1925
24 24* 150 1.16 1.16 22 22 30 21556 2115

¥ We reserve the option t

rated by ANSI A21.10 for 250 psi working pressure.

o furnish these fittings to Class B wall thickness in ductile iron, which are

T

m — G OFFSETS
For Use with Super
t Bell-Tite Push-On
. D Mechanical Joint Pipe J
T or any
Plain End Pipe of
Same Outside Diameter ML/
L
DIMENSIONS AND WEIGHTS I
F-982 Offset F-984 Offset
MJ and MJ F-982 and F-984 MJ and PE
Nominal | Pres- Di . Inch Approximate Weight—Pounds
Diameter | sure imensions—Inches -
Inches |Rating Body Casting Only
By Offset | psi T T, D G L F-982 F-984
3x12 250 48 48 12 22 30 60 60
3x18 250 48 A48 18 30 38 75 75
4x 6 250 52 47 6 19 27 75 70
4x12 250 52 .47 12 22 30 85 80
4x18 250 .52 47 18 30 38 105 100
4x 24 250 .52 47 24 23%5| 311 105 100
6x 6 250 .55 .50 6 20 28 110 105
- 6x12 250 .55 .50 12 26 34 135 130
6x 18 250 .55 .60 18 33 41 166 160
6 x 24 250 .55 .50 24 2234 30%4 165 165
8x 6 250 .60 54 6 21 29 160 155
8x 12 250 .60 54 12 28 36 200 195
8x 18 250 .60 .54 18 35 43 245 240
8 x 24 250 .60 .54 24 384 463 285 285
10x 6 250 .68 .60 6 22 30 220 220
10 x 12 250 .68 .60 12 30 38 280 280
10x 18 250 .68 .60 18 38 46 340 340
12x 6 250 75 .68 6 26 34 320 320
1z 2 250 .76 .68 12 37 45 420 420
12x 8 250 .76 .68 18 48 56 520 520
12 x 24 250 75 .68 24 48 56 540 545
14 x 18 150 .66 .66 18 49 57 585 570
16 x 12 150 .70 70 12 40 48 600 580
16x 18 150 .70 .70 18 50 58 710 690

Note: For fittings

for 250

For making offsets on the job, see page 224.
and 350 psi working pressure, see note on page 48.
See page 41 for standard accessories furnished.
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MECHANICAL JOINT CAST IRON FITTINGS

Meet all Applicable Requirements of
ANSI A21.10 (AWWA C110) and ANSI A21.11 (AWWA C111) Specifications

/\ “y" BRANCHES /\

7 <& For Use with Super
N Bell-Tite Push-On
\ Mechanical Joint Pipe
\ 4
A .orany' Lo |
N Plain End Pipe of ;
. . 4
LI L Same Ovtside Diameter E 3
F-950 “Y” Branch F-952 “Y" Branch
MJ, MJ and MJ MJ, PE and MJ
DIMENSIONS AND WEIGHTS
F-950 and F-952
Nominal Approximate Weight—Pounds
Diameter P ressure Dimensions—Inches il &
Inches Ratlflg Body Castings Only
Run | Branch | P T T, E [ F | 8 F-950 F-952
3 3 250 48 48 10 3 11 60 60
4 3 250 .52 48 12 3 11 80 75
4 4 250 .52 52 12 3 11 90 85
6 3 250 55 A8 14.5 3.5 | 11.5 120 115
6 4 250 .55 .52 14.5 3.5 | 115 130 125
6 6 250 .55 .55 14.5 3.5 | 11.5 145 140
8 3 250 .60 48 17.5 4.5 | 12,5 180 175
8 4 250 .60 .52 17.5 4.5 | 12.5 190 185
8 6 250 .60 .55 17.5 4.5 | 12.5 205 200
8 8 250 .60 .60 17.5 4.5 | 12,5 230 225
10 4 250 .68 52 205 | 5 13 270 270
10 6 250 .68 .55 20.5 5 13 285 285
10 8 250 .68 .60 20.5 5 13 310 310
10 10 250 .68 .68 20.5 5 13 340 340
12 4 250 75 .52 24.5 5.5 | 13.5 380 380
12 6 250 .75 .55 24.5 5.0 | 13.5 400 400
12 8 250 .75 .60 24.5 5.5 | 13.5 425 425
12 10 250 75 .68 24.5 5.5 | 13.5 450 450
12 12 250 75 75 24.5 5.5 | 13.5 490 490
14 6 150 .82 55 27 6 14 570 555
14 8 150 .82 60 27 6 14 595 580
14 10 150 .82 68 27 6 14 625 610
14 12 150 .82 75 27 6 14 670 655
14 14 150 .82 82 27 6 14 730 715
16 6 150 .89 55 30 6.5 | 14.5 735 715
16 8 150 .89 60 30 6.5 | 14.5 760 740
16 10 150 .89 68 30 6.5 | 14.5 800 780
16 12 150 .89 75 30 6.5 | 14.5 835 815
16 14 150 .89 82 30 6.5 | 14.5 900 880
16 16 150 .89 89 30 6.6 | 14.5 960 940
18 10 150 .96 68 32 7 15 975 950
18 12 150 .96 75 32 7 15 1015 990
18 14 150 .96 82 32 7 15 1075 1050
18 16 150 .96 89 32 7 15 1135 1110
18 18 150 .96 96 32 7 15 1200 1175
20 12 150 1.03 75 35 8 16 1260 1230
20 14 150 1.03 82 35 8 16 1320 1290
20 16 150 1.03 89 35 8 16 1375 1345
20 18 150 1.03 96 35 8 16 1445 1415
20 20 150 1.03 1.03 35 8 16 1525 1495
24 14 150 1.16 82 40.5 9 17 1865 1825
24 16 150 1.16 89 40.5 9 17 1925 1885
24 18 150 1.16 .96 40.5 9 17 1990 1950
24 20 150 1.16 1.03 40.5 |'9 17 2070 2030
24 24 150 1.16 1.16 40.5 9 17 2245 2205
Note

3” thru 12” fittings for 350 psi working pressure, and 14” thru 24” fittings for 250
and 350 psi working pressure are furnished to the above dimensions in ductile iron.
See page 41 for standard accessories furnished.
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ANSI A21.10 (AWWA C110) and ANSI A21.11 (AWWA C111) Specifications

MECHANICAL JOINT CAST IRON FITTINGS

F-960 Reducer

MJ) and MJ

Meet all Applicable Requirements of

CONCENTRIC REDUCERS

F-965 Reducer
Small End MJ

\

T,

——L

F-967 Reducer
Large End MJ

ECCENTRIC REDUCERS

F-970 Reducer
PE and PE

Eccentric reducers are available in sizes 4 x 3 through 12 x 10 inches. They have the same

laying dimensions, metal thicknesses, and weights as shown for concentric reducers.

DIMENSIONS AND WEIGHTS

F-960 thru F-970

N 1 . . i icht—
]1§igrr’r]xler:;2r Pres- | Thickness Laying Length Approximate Weight—Pounds
Inches R“;r_e Inches Inches Body Castings Only
Large | Small [ 2118
prge|Smalipsi | T | Tw | G | L | M | F-960t | F-965t | F-9671 | F-970t
4 3 250 .52 .48 7 15 23 40 35 40 35
6 3 250 .55 .48 9 17 25 55 50 56 50
6 4 250 .55 .52 9 17 25 60 60 60 56
8 3 250 .60 .48 11 19 27 75 70 75 70
8 4 250 .60 .52 11 19 27 80 80 80 75
8 6 250 .60 .55 11 19 27 95 90 90 85
10 4 250 .68 .52 12 20 28 105 100 100 100
10 6 250 .68 .55 12 20 28 115 115 115 115
10 8 250 .68 .60 12 20 28 135 130 130 130
12 4 250 75 .52 14 22 30 135 130 130 130
12 6 250 75 .55 14 22 30 150 150 145 145
12 8 250 75 .60 14 22 30 165 165 165 165
12 10 250 .75 .68 14 22 30 190 190 185 185
14 6 150 .66 .55 16 24 32 190 175 185 170
14 8 150 .66 .60 16 24 32 210 190 205 190
14 10 150 .66 .68 16 24 32 230 215 230 215
14 12 150 .66 75 16 24 32 255 240 255 240
16 6 150 .70 .55 18 26 34 230 210 230 210
16 8 150 .70 .60 18 26 34 250 230 250 230
16 |10 150 .70 .68 18 26 34 280 255 275 255
16 12 150 .70 .75 18 26 34 305 285 305 285
16 14 150 .70 .66 18 26 34 335 310 315 295
18 8 150 75 .60 19 27 35 295 270 295 270
18 10 150 75 .68 19 27 35 325 300 320 295
18 12 150 .75 .75 19 27 35 350 325 350 325
18 14 150 75 .66 19 27 35 380 355 365 340
18 16 150 75 .70 19 27 35 415 390 395 370
20 10 150 .80 .68 20 28 36 375 345 375 345
20 12 150 .80 75 20 28 36 405 375 405 375
20 14 150 .80 | .66 20 28 36 430 400 415 385
20 16 150 .80 .70 20 28 36 470 435 445 415
20 18 150 .80 .75 20 28 36 510 475 485 455
24 12 150 .89 75 24 32 40 550 510 550 510
24 14 150 .89 .66 24 32 40 575 535 560 520
24 16 150 .89 .70 24 32 40 615 575 595 555
24 18 150 .89 .75 24 32 40 660 620 635 596
24 20 150 .89 .80 24 32 40 705 665 675 635

1 Unless ordered otherwise, we always ship F-965 reducer.

Note

3" thru 12" fittings for 350 psi working pressure, and 14" thry 24" fittings for 250
and 350 psi working pressure are furnished to the above dimensions in ductile iron.
See page 41 for standard accessories furnished.

51







’

MECHANICAL JOINT CAST IRON FITTINGS

~ Meet all Applicable Requirements of
ANSI A21.10 (AWWA C110) and ANSI A21.11 {AWWA C111} Specifications

ADJUSTABLE CONNECTING PIECE

Mechanical Joint to Flange

LAWY

O

— ) [
77 T
/////////////////////l\\\\\ T

F-1439 Adjustable Connector

The F-1439 Connector is designed for use in
vaults for pump connections and similar in-
stallations where it is not possible to know
the exact laying lengths. The Adjustable Con-
nector provides 714 inches of adjustment in
laying length, making it possible to speed the
final connection of piping to a flanged joint.

The flange is faced and drilled to specifica-

the requirements of ANSI A21.11. The fitting:
is rated for 250 psi water working pressure.

The Mechanical Joint end can be furnished
with the F-1058 Retainer Gland (page 89).
The standard F-1045 Ring Gland will be furn-
ished unless otherwise specified. See page 41
for standard MJ accessories supplied. No flange
accessory maferial is furnishe£

tions ANSI A21.10; the mechanical joint meets
Dimensions and Weights

Nom. | Flg. Flange Bolts Pive MJ MJ Bolts Body | Approx.
Pipe | Bolt |Type| o Op. | Bolt , Thick. | Weight
Size | Circle | Head Size No. | Circle Size No. | Inches | Pounds
4 7.50 | Tee | 24x3 8 480 | 750 | 3 x3k| 4 .52 40
6 9.50 | Tee | 34 x 3% 8 690 | 950 | 34x3%| 6 .55 55
8 11.75 | Tee | 34 x 314 8 9.05 | 11.75 | 34 x4 6 .60 80
10 14.25 | Hex | %4 x 3% 12 11.10 | 14.00 | 34 x 4 8 .68 110
12 17.00 | Hex | 24 x 334 12 13.20 | 16.25 | 3/ x4 8 .75 150

MECHANICAL JOINT PLUGS, CAPS AND GLANDS
For Use with Mechanical Joint Pipe or any Plain End Pipe of Same Outiside Diameter

F-1035 F-1054 F-1040 F-1042] F-1045 F-1050%
Plug - Tapped Plug Cap Tapped Cap Ring Gland Split Gland

Joint accessories are never furnished with “MJ’’ Plugs unless specifically ordered.

F-1035 thru F-1054

Pres- |, . Approximate Weight—Pounds Tap Size
. sure |Thick- Inches
Irsxglees Rat- n%ss F-1035 | F-1040|F-1045 | F-1050 | F-1054 {F-1042| F-1054 & F-1042
ing Solid Ring Split | Tapped | Tapped|Std.| Max. | Max.
psi [Inches| by, Cap | Gland | Gland | Plug | Cap Tap| F-1054 | F-1042
3 250 .50 10 12 4 9 2 214 2
4 250 .60 15 15 6 14 2 3 2
6 250 .65 25 25 11 18 2 5 2
8 250 .70 45 45 17 20 2 6 2
10 |[250 | 75| 65 60 | 21 30 Wil very depending 2 | 8 2
12 (250 | 75| 8 80 | 26 35 pon size of terping| 2 | 10 2
14 250 .82 120 115 37 e for F-1035 and 2 2 9
16 250 | .89 | 150 155 | 46 e F-1040 2| 215 | 2
18 250 .96 190 215 53 e 2 3 2
20 250 | 1.03 215 250 63 e 2 4 2
24 250 | 1.16 350 370 90 2 4 2%

t For replacing regular ring glands found to be broken when pipe line is being tested.
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MECHANICAL JOINT HYDRANT TEES
Hydrant tees are a combination tee and 90
degree elbow for use in hydrant installations
where space is limited. Their unique de-
sign keeps the hydrant close to the main line,
and permits the hydrant to be installed in the
same trench, saving digging costs. Because it
has one less joint than two fittings, it also
I——B saves time and labor in assembly. Since it is

an integral unit, it anchors the hydrant to the
F-943 . . . F-1224
MJ Hydrant Tee main, and locates the hydrant a uniform dis- MJ Hydrant Tee
tance from the main. Anchoring on the Branch
Dimensions and Weights
]I;Iigﬁierﬁ]r Dimensions-Inches Approximate Weight-Pounds
Inches A B H J K F-943 F-1224*
6x6 1214 16 8 1034 10 170 175
8x6 1315 18 9 1134 11 215 220
10x6 | 14 22 11 1334 13 275 280
12x6 16 24 12 1434 14 375 380

* Includes weight of Anchoring Gland, which is made on at the factory. Anchoring branch
sockets with standardized MJ Bell only.

MECHANICAL JOINT BASE BENDS AND BASE TEES
Meet all Applicable Requirements of
ANSI A21.10 (AWWA C110) and ANSI A21.11 {AWWA C111) Specifications

— C - l;— le— C —o}a— C —
R, 1 R ’ !
Cc ¢ !

X X I |

1 1 i '

By | & i
9y 4 U=y

F-1064 90° Base Bend F-1066 90° Base Bend F-1074 Base Tee
MJ and MJ Flanged and MJ MJ, MJ and MJ
DIMENSIONS AND WEIGHTS

Nominal | Pressure Dimensions Approximate Weight-Pounds
Diameter | Rating Inches With Base-Body Casting only
Inches psi B C Ft R F-1064 F-1066 F-1074

3 250 5.5 5.5 4.88 4.0 45 40 60

4 250 6.5 6.5 5.50 45 65 | 60 90

6 250 8.0 8.0 7.00 6.0 105 95 140

8 250 9.0 9.0 8.38 7.0 165 155 215

10 250 11.0 11.0 9.75 9.0 235 220 340

12 250 12.0 12.0 11.25 10.0 320 310 455
14 150 14.0 14.0 12.50 11.5 410 385 635**
16 150 15.0 15.0 13.75 12.5 505 475 790**
18 150 16.5 16.5 15.00 14.0 660 615 1020**
20 150 18.0 18.0 16.00 15.5 800 750 1260**
24 150 22.0 22.0 18.50 18.5 1155 1095 1895%*

** May be furnished to Class B wall thickness in ductile iron at our option. See page 47.

Note: Except the F-1066, 3" thru 12" fittings for 350 psi working pressure, and 14" thru 24" fit-
tings for 250 and 350 psi working pressure are furnished to the above dimensions in ductile iron.

t Dimensions “F*” are for machined bases. For bases not machined, add approximately %4 inch.
Bases will be machined and/or drilled ONLY when so ordered.

BASE TEES REDUCING ON BRANCH
To compute the total weight of tees reducing on the branch, add weight of the Base Only (see
page 78) to the weight of reducing tee wanted (see page 46).
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CLOW RIVER CROSSING PIPE
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F-141 River Crossing Pipe

DIMENSIONS AND WEIGHTS

Nominal A21.51 Dimensions—Inches . Weight of
Pipe | Thickness | T76S8Ure |— i B | g.iP® | Full Length Pipe
Size Class 20 | Thick- | Pipe |Retainer||bg sfoot| 29 Shipped

Inches | Number pst ness 0.D. O.D. s./100 in Pounds

6 5 350 .40 6.90 13.88 25.0 545

8 5 350 .42 9.05 16.63 34.8 770
10 5 350 .44 11.10 19.13 | . 45.1 1005
12 5 350 .46 13.20 22.00 56.3 1270
14 6 350 .51 15.30 24.50 72.5 1655
16 6 350 .52 17.40 27.00 84.4 1990
18 6 350 .53 19.50 30.00 96.7 2375
18 81 350 .59 19.50 30.00 107.3 2560
20 6 350 .54 21.60 32.75 109.3 2810
20 91 350 .63 21.60 32.75 127.0 3110
24 6 350 .56 25.80 38.25 135.9 3700
24 121 350 74 25.80 38.25 178.3 4415

* Weight is based on 180" nominal laying length. Minimum laying length is 7'0".
TABLE OF BUOYANCY
Nominal A21.51 Wall Weight . : .
: : : 2 Weight of Full Length Pipe Maximum

gg’: Théﬁ:sess Thu{‘gness of alllpe Under Water Safe Tension

Inches Number Inches Shipped Full of Air Full of Water in Poundstt
6 5 .40 545 240 465 50,000
8 5 42 770 240 655 70,000
10 5 44 1005 220 860 95,000
12 5 .46 1270 155 1080 120,000
14 6 .51 1655 160 1410 145,000
16 6 .52 1990 45 1685 165,000
18 6 .53 2375 - 70 2015 195,000
18 8t .59 2560 110 2170 195,000
20 6 .54 2810 —200 2375 210,000
20 9t .63 3110 100 2635 210,000
24 6 56 3700 —620 3110 260,000
24 124 74 4415 95 3715 260,000

t Thickness required to overcome buoyancy. 1t Maximum tension that can safely be applied t
a single joint when pulling pipe into position or laying it from a barge.
Weights above do not include cement lining.

STANDARD PRACTICE

While Clow River Crossing Pipe is regularly
furn.shed in 180" nominal laying lengths, we
reserve the right to furnish a limited percent-
age of shorter lengths. We will always ship a
footage of pipe not less than the total ordered.
We also reserve the right to furnish a total
footage greater than the footage ordered to
allow the use of full length pipe without cutting.
Any exceptions to this standard practice must
be clearly specified at the time of order.

Exact Laying Lengths: If any piece of pipe or
length of piping must be furnished with an

exact laying length, this must be specifiec
Random lengths will be used in making u
exact laying lengths greater than 18 feet.

End Connections: Clow River Crossing Pipe ca
be furnished with the end connections listed o
page 57. The type of end connection and lengt
of connecting plece must be (sjpeciﬁed.
Accessories: Clow River Crossing Pipe ar
shipped with the retainer assembled on th
pipe and secured to the ball end by hook bolt;
Gaskets, lubricant, retainer locks and retaine
lock pins are shipped in a separate containe
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CLOW RIVER CROSSING PIPE

CONNECTING PIECES

LAYING LENGTH —————

F-141-2 Bell and Plain End

LAYING LENGTH

F-141-13 Ball and Super-Lock Bell F-141-14 Bell and Super-Lock Bell

Dimensions and Weights

Dimensions in Inches Approximate Weight—Pounds*

Nom. | Thickness | Plain F-141-5 | F-141-6
Pipe |A21.51|Wall| End | A B |F-141-1|F-141-2|F-141-11|F-141-12} an and
Size |Class | T | O.D. F-141-13(F-141-14
16 5 | .40 | 6902} |1 510 480 530 500 535 505

8 5 42 1 9.05 (255 |1%% 720 675 755 710 760 715
10 5 44 | 11.10 275|134 940 880 985 925 990 930
12 5 | .46 | 13.20 314|114 | 1185 1100 1245 1160 1250 1165
14 6 .51 115630 (315|114 | 1545 1420 1630 1505 1620 1495
16 6 | .52 |17.40 (334|114 | 1835 1680 1935 1780 1930 1770
18 6 | .53 |19.50 |4 |14 | 2185 1930 2330 2075 2300 2045
18 8 .59 |19.50 |44 |11 | 2375 2115 2520 2260 2485 2225
20 6 | .54 |21.60 |45 114 | 2585 | 2190 2755 2360 2715 2320
20 9 .63 | 21.60 | 414|114 | 2900 2495 3070 2665 3030 2625
24 6 .56 | 25.80 | 514 | 114 | 33656 2780 3655 3070 3510 2955
24 12 71 12580 | 54 | 114 | 4115 3510 4405 3800 4290 3690

su

M
jol

Pi

* ‘p’eights shown are for 18 ft. laying length. Weights of shorter pieces can be determined by

tracting the appropriate barrel weight. (See page 56.)
aximum laying length is 18’-0”. Minimum laying length is 3’-0”, except 7-0” for F-141-5 and
141-13.

pe can be furnished Ball and MJ Bell (F-141-3), Bell and MJ Bell (F-141-4), Ball and Super '

Bell-Tite Bell (F-141-5), Bell and Super Bell-Tite Bell (F-141-6), Ball and Locked MJ Plain End

Eg-l4l—7),)Bell and Locked MJ Plain End (F-141-8), Ball and Flange (F-141-9) or Bell and Flange
+141-10).

Order must specify laying length of connecting pieces.
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FLANGED JOINT CAST IRON PIPE
FOR WATER, SEWAGE, OIL, AND OTHER LIQUIDS

Pipe Barrel meets all the requirements of ANSI A21.6 (AWWA C106) Specifications
Joint Meets all the Requirements of ANSI A21.15 (AWWA C115) Proposed Specifications

This Pipe Should Not be Threaded or Flanged in the Field

9 F-1310 LONG
2 Y HUB FLANGES

N

¢ |—o 1
F-162 : .
Flanged Pipe -

o
8

Dimensions and Weights

Nominal | ANSI . Dimensions—Inches Approximate Weight—Pounds*
Inside | A21.6/ Max. "™ T | A | B C | D | One | Pipe | 17 Ft. Length
Diameter |Thick.| Working| Thick- Pipe (Flange| Flg. |Hub| Flange | Barrel With
Inches Class | Pressure| pess | O.D.| O.D. | Thick. Only | Per Ft. Flanges
3 24 150 38 | 3.96) 7.50 | 34 |134 7 13.3 240
3 24 250 38 | 3.96| 750 | 34 |134 7 13.3 240
4 23 150 .38 | 4.80] 9.00 | 3¢ |13g 13 16.5 305
4 23 250 .38 4.80; 9.00 156 11345 13 16.5 305
6 22 150 .38 6.90| 11.00 | 1 2 17 24.3 445
6 22 250 .38 | 6.90/11.00 1 1 2 17 24.3 445
8 22 150 41 9.05| 13.50 | 11§ (214 27 34.7 645
8 22 250 41 | 9.05 13.50 | 115 (214 27 34.7 645
10 22 150 44 111,101 16.00 | 134 |2l 38 46.0 860
10 22 250 44 |11.10| 16.00 | 1345 (2% 38 46.0 860
12 22 150 .48 [13.20(19.00 | 1} |23%4 58 59.8 1135
12 23 250 52 [13.20/19.00 | 1} (234 58 64.6 1215
14 22 150 .51 11530/ 21.00 ; 13¢5 |2Y% 72 73.9 1400
14 24 250 .59 1530/ 21.00 | 135 (2% 72 85.1 1590
16 22 150 .54 | 17.40,23.50 | 1% |3lg 90 89.2 1695
16 24 250 .63 [17.40/ 23.50 | 1% (34, 20 103.6 1940
18 22 150 .58 [19.50| 25.00 | 1% (314 90 107.6 2010
18 24 250 .68 [19.50] 25.00 | 1% i 920 125.4 2310
20 22 | 150 | .62 |21.60| 27.50 | 11l (3% | 115 | 127.5 2400
20 24 | 250 | .72 |21.60/27.50 | 114 3% | 115 | 147.4 2735
24 23 150 .73 |25.80{32.00 | 174 (3% 160 179.4 3370
24 24 250 .79 125.80132.00 | 174 (3% | 160 193.7 3615

* Calculated weight of full length pipe is rounded off to nearest five pounds.

e for both 150 and 250 psi working pressure will always be furnished with flanges
the ANSI B16.1 125 pound template on page 65. For connecting to ANSI B16.1 250
und flanges, use the F-1989 Flange Adaptor shown on page 83.

[nterior cement lined flanged pipe may be substituted in lieu of tar coating without prior
tification.

Flange accessories must be ordered separately. See page 64 for detailed information.

on request pipe can be furnished with greater wall thickness than shown in above table
' concentrated sulphuric acid and other special services.
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RUGTILE CAST IREKX PIPE

FLANGED JOINT

Pipe Barrel Meets all the Requirements of ANSI A21.51 (AWWA C151) Specifications
Joint Meets all the Requirements of ANSI A21.15 (AWWA C115) Proposed Specifications

v

%

A B

Y,

HIn
7 |\

F-1310 LONG

N
I HUB FLANGES

F-162-D
DUCTILE CAST IRON FLANGED PIPE

For water, sewage, oil, and other liquids

DUCTILE CAST IRON FLANGED PIPE

The same benefits of high strength and duc-
tility which apply to all pipe of ductile cast
iron apply equally to flanged joint pipe. When
the job conditions call for pipe with greater
strength and increased resistance to breakage
than is obtainable with gray cast iron, specify
ductile flanged pipe. This is particularly true
on the discharge side of high pressure pumps,
whenever uneven settling is likely, or wherever
high surge or operating pressures may be
expected.

Any of the flanged fittings appearing in th
catalog can be furnished in ductile iron for u
with this pipe.

Ductile flanged pipe is manufactured to
wall thickness that provides adequate met
under the threads. Such pipe is safely rate
for 250 psi working pressure, and unless sp
cifically ordered otherwise, is furnished wit
ductile iron flanges to ANSI B16.1 125 pour
template. For connecting to existing lines wif
B16.1 250 pound flanges, use the ¥-1989 Flang
Adapter, shown on page 83.

This pipe should not be threaded or flanged in the field.

DIMENSIONS AND WEIGHTS
Nominal | ANSI | Rated Dimensions—Inches Approximate Weight-Pounds
Inside | A21.51 | Working T A B O Pi
Diameter | Thick. | Pressure | Thick- | Pipe | Flange | Flange | Barrel | 17Foot Length®
Inches Class psi ness | O0.D. | O.D. Only | Per Ft. With Flanges .
3 3 250 31 3.96| 7.50 7 10.9 200
4 3 250 .32 480 | 9.00 13 13.8 260
6 3 250 .34 6.90 | 11.00 17 21.4 400
8 3 250 .36 9.05| 13.50 27 30.1 565
10 3 250 .38 11.10 { 16.00 38 39.2 740
12 3 250 .40 13.20 | 19.00 58 _49.2 950
14 4 250 45 15.30 | 21.00 72 64.2 1235
16 4 250 .46 17.40 | 23.50 90 74.9 1455
18 5 250 .50 19.50 | 25.00 90 91.3 1730
20 5 250 .51 21.60 | 27.50 115 103.4 1990
24 6 250 .56 25.80 | 32.00 160 135.9 2630

* Calculated weight of full length pipe is rounded off to nearest five pounds.

Note
Flange accessories must‘be ordered separately. See page 64 for detailed information.
Interior cement lined flanged pipe may be substituted in lieu of tar coating without pri

notification.
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REDUCING CAST IRON FLANGED FITTINGS
HOW TO ORDER

When ordering reducing fittings, give the size of the openings in the order indicated
by the sequence of the letters a, b, ¢ and d. In designating the size of the open-
ings of side outlet reducing fittings, the size of the side outlet is to be given last.

REDUCING TEES

b b b b
Zﬂc Eﬂc E]c E‘c
a a a a

Reducing on Reducing on Reducing on Reducing on
Outlet One Run One Run & Outlet Both Runs

REDUCING CROSSES

b b . b b
a a a a

Reducing Reducing Reducing on Reducing on
on on One Run One Run
One Outlet Both Qutlets and One Outlet and Both Outlets

'REDUCING LATERALS

b b b
a a ) a

Reducing on Reducing on Reducing on One Reducing
Branch . One Run Run and Branch True Y
SIDE OUTLET TEES SIDE OUTLET ELBOWS

a
Right Hand Left Hand Right Hand

SPECIAL REDUCING FLANGED FITTINGS

To permit us to ship more promptly, we recommend, wherever possible, the ordering of
straight size flanged fittings with flanged reducer, rather than reducing size flanged fittings.
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CAST IRON FLANGED FITTINGS

L

F-1804 Straight
90° Long Radius Elbow

I

ANSI Specification B16.1

LONG RADIUS ELBOWS

Furnished Faced and Drilled
to 125 pound template

DIMENSIONS AND WEIGHTS

F-1804 and F-1804-R

F-1804-R Reducing
90° Llong Radius Elbo

Nominal Dimensions Approx. || Nominal Dimensions Approx.
Pipe Size Inches Weight || Pipe Size Inches Weight
Inches T T: B Pounds Inches T T B Pounds
3x 3 34 ~ 7.75 28 12x10 | 1%, 3{ | 19.00 | 300
4x 3 b2 3% 9.00 35 12 x 12 1345 .. 19.00 350
4x 4 1 . 9.00 48 14x 8 1% 5 | 21.50 330
5x 3 b 3% 10.25 45 14 x 10 %% 34 21.50 375
5x 4 14 P2 10.25 60 14 x 12 % 134 | 21.50 425
5x 5 Y .. 10.25 62 14 x 14 % .. 21.50 470
6x 3 % 3% 11.50 55 16x 8 | 1 5% 24.00 420
6x 4 s L 11.50 70 16 x 10 1 34 24.00 480
6x 5 % % 11.50 75 16 x 12 1 134 | 24.00 530
6x 6 N .. 11.50 85 16 x 14 1 % 24.00 590
8x 4 5% 2 14.00 100 16 x 16 1 .. 24.00 670
8x 5 % 4 14.00 110 18 x 12 146 1346 | 26.50 635
8x 6 % % 14.00 120 18 x 16 144 1 26.50 775
8x 8 % .. 14.00 145 18x 18 1446 .. 26.50 840
10x 4 87 15 | 1650 145 0Wx14 | 14 % | 28.00 820
10x 6 3% s 16.50 170 20 x 16 14 1 29.00 915
10x 8 A % 16.50 195 20 x 20 14 .. 29.00 1080
10 x 10 34 .. 16.50 230 24 x 20 144 14 | 34.00 1430
12x 6 1346 %45 19.00 225 24 x 24 134 .. 34.00 1640
12x 8 1348 % 19.00 260
N
v
For Pressure Ratings < For Drilling Template
See Page 65 T See Page 65
M
R
F-1812
Straight 45° Long Radius Elbows
Nominal pipe size.......... Inches 3 4 6 8 10 12
Dimension T.............. Inches 84 14 944 % 3 134¢
Dimension M.............. Inches| 4.50 5.25 6.75 8.00 9.00 9.50
Approximate weight....... Pounds| 30 45 75 120 190 250
Nominal pipe size.......... Inches 14 16 18 20 24
Dimension T. ............. Inches % 1 114 1% 1Y
Dimension M.............. Inches| 10.00 13.00 14.00 15.00 17.00
Approximate weight....... Pounds| 310 445 550 725 1100

From ANSI Specification B16.1

The angle designation of an elbow is its deflection from
straight line flow and is the angle between the flange faces.

Flange accessories must be ordered separately. See page 64 for information.
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CAST IRON FLANGED FITTINGS
s ANSI A21.10 (AWWA C110]) Specifications

TEES AND CROSSES
Unless Otherwise Ordered

Furnished Faced and Drilled
L— H— to 125 Pound Template
F-818 Tee DIMENSIONS AND WEIGHTS F-823 Cross
Nominal Size Pressure Dimensions—Inches Approx. Weight Pounds
Run Branch | Rating psi T T, H J F-818 F-823
3 3 250 48 48 5.5 5.5 40 50
4 3 250 52 48 6.5 6.5 60 70
4 4 250 .52 .52 6.5 6.5 65 80
5 5 175* .50 .50 7.5 7.5 81 105
6 3 250 .55 48 8.0 8.0 85 95
6 4 250 55 52 8.0 8.0 90 110
6 6 250 .55 .55 8.0 8.0 95 120
8 4 250 .60 .52 9.0 9.0 140 155
8 6 250 .60 .55 9.0 9.0 145 165
8 8 250 .60 .60 9.0 9.0 155 195
10 4 250 .68 .52 11.0 11.0 205 220
10 6 250 .68 .55 11.0 11.0 215 240
10 8 250 .68 .60 11.0 11.0 225 265
10 10 250 .80 .80 11, 11.0 270 330
12 4 250 .75 .52 12.0 12.0 290 310
12 6 250 .75 55 12.0 12.0 295 320
12 8 250 .75 .60 12.0 12.0 310 345
12 10 250 .87 .80 12.0 12.0 360 415
12 12 250 .87 .87 12.0 12.0 385 460
14 6 150 .66 55 14.0 14.0 375 400
14 8 150 .66 .60 14.0 14.0 390 425
14 10 150 66 68 14.0 14.0 400 460
14 12%* 150 .82 75 14.0 14.0 470 555
14 14** 150 .82 .82 14.0 14.0 500 595
16 6 150 .70 .55 15.0 15.0 465 490
16 8 150 .70 .60 15.0 15.0 475 520
16 10 150 .70 .68 15.0 15.0 495 555
16 12 150 .70 .75 15.0 15.0 520 605
16 14** 150 .89 82 15.0 15.0 610 700
16 16** 150 .89 .89 15.0 15.0 635 755
18 6 150 75 .55 13.0 15.5 480 505
18 8 150 .75 .60 13.0 15.5 495 535
18 10 150 .75 .68 13.0 15.5 510 560
18 12 150 .75 .75 13.0 15.5 535 610
18 14 150 .75 .66 16.5 16.5 630 720
18 16** 150 .96 .89 16.5 16.5 760 880
18 18** 150 .96 .96 16.5 16.5 785 915
20 6 150 .80 .55 14.0 17.0 610 635
20 8 150 .80 .60 14.0 17.0 620 665
20 10 150 .80 .68 14.0 17.0 635 685
20 12 150 .80 .75 14.0 17.0 660 735
20 14 150 .80 .66 14.0 17.0 665 745
20 16 150 .80 .70 18.0 18.0 810 915
20 18** 150 1.03 .96 18.0 18.0 965 1100
20 20** 150 1.03 1.03 18.0 18.0 1005 1175
24 6 150 .89 .55 15.0 19.0 845 875
24 8 150 .89 .60 15.0 19.0 860 895
24 10 150 .89 .68 15.0 19.0 880 930
24 12 150 .89 75 15.0 19.0 890 960
24 14 150 .89 .66 15.0 19.0 900 975
24 16 150 .89 .70 15.0 19.0 915 1010
24 18 150 .89 5 22.0 22.0 1220 1365
24 20** 150 1.16 1.03 22.0 22.0 1510 1695
24 24** 150 1.16 1.16 22.0 22.0 1585 1850

ANSI B16.1 specifications. ** We reserve the option to furnish these fittings to Class B wall
rickness in ductile iron. which are rated by ANSI A21.10 (AWWA C110) for 250 psi working
ressure. Note: For 14” thru 24" fittings for 250 psi working pressure, see note on page 68.
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CAST IRON FLANGED FITTINGS
ANSI Specification A21.10 (AWWA C110)

CONCENTRIC REDUCERS

Furnished Faced and Drilled For ANSI B16.1 Eccentric
to 125 Pound Template — Flanged Reducer, see page 75

F-834 Flanged Concentric Reducer

DIMENSIONS AND WEIGHTS

Nominal Pipe Size Pressure Dimensions .
Inches Rating Inches App?:dzgslght
Large Small ps1 T T, L

4 3 250 .52 .48 7 30
5 3 175* .50 .38 8 32
5 4 175* .50 .50 8 39
6 3 250 .55 A48 9 40
6 4 250 .55 .52 9 45
6 5 175* .56 .50 9 50
8 4 250 .60 .52 11 65
8 5 175* .62 .50 11 71
8 6 250 .60 .55 11 75
10 4 250 .68 .52 12 85
10 6 250 .68 .55 12 90
10 8 250 .68 .60 12 110
12 4 250 .75 .52 14 120
12 6 250 75 .55 14 130
12 8 250 75 .60 14 145
12 10 250 .75 .68 14 170
14 6 150 .66 .55 16 155
14 8 150 .66 .60 16 175
14 10 150 .66 .68 16 190
14 12 150 .66 .75 16 220
16 6 150 .70 .55 18 190
16 8 150 .70 .60 18 210
16 10 150 .70 .68 18 235
16 12 150 .70 75 18 265
16 14 150 70 .66 18 280
18 8 150 .75 .60 19 240
18 10 150 75 .68 19 265
18 12 150 75 .75 19 295
18 14 150 75 .66 19 310
18 16 150 .75 .70 19 340
20 10 150 .80 .68 20 310
20 12 150 .80 75 20 345
20 14 150 .80 .66 20 355
20 16 150 .80 .70 20 390
20 18 150 .80 75 20 410
24 12 150 .89 .75 24 480
24 14 150 .89 .66 24 490
24 16 150 .89 .70 24 525
24 18 150 .89 75 24 550
24 20 ) 150 .89 .80 24 590

* ANSI B16.1 specifications.
Note: Sizes 14” thru 24” fittings for 250 psi working pressure are furnished to 150 psi dime
sions in ductile iron.
See note on page 75 concerning caution when installing flanged reducers.
Flange accessories must be ordered separately. See page 64 for information.
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CAST IRON FLANGED FITTINGS
ANSI Specification B16.1

ECCENTRIC REDUCERS

*ny
T!
rnished Faced and Drilled For C tric Red s
to 125 Pound Template See Page 74
F-1894 Eccentric Reducer
DIMENSIONS AND WEIGHTS
Nominal Dimensions—Inches Approximate Weight
Pipe Size Pounds
Inches T T, G
4x 3 v 3% 7.00 28
6x 3 U 3% 9.00 39
6x 4 Us 5 9.00 47
8x 4 % % 11.00 66
8x 6 2% s 11.00 77
10x 4 A 15 12.00 95
10x 6 34 Us 12.00 100
10x 8 34 5% 12.00 120
12x 6 B4 Us 14.00 140
12x 8 B4 % 14.00 155
12x 10 Be 34 14.00 180
14x 6 7% Us 16.00 180
14x 8 % % 16.00 200
14 x 10 % 74 16.00 220
14x12 % 134 16.00 250
16x 6 1 % 18.00 230
16x 8 1 % 18.00 250
16 x 10 1 S8 18.00 280
16 x 12 1 134 18.00 310
16 x 14 1 7% 18.00 340
18x 8 145 5% 19.00 300
18 x 10 14 A 19.00 320
18x 12 1% 134 19.00 350
18 x 14 14 %% 19.00 380
18 x 16 145 1 19.00 430
20x 10 1% U 20.00 380
20 x 12 14 1384 . 20:.00 410
20x 14 1% 4 20.00 450
20 x 16 1% 1 20.00 490
20 x 18 1% 145 20.00 520
24 x 12 14 134 24.00 580
24 x14 14 % 24.00 620
24x 16 1Y 1 24.00 670
24x 18 14 14 24.00 700
24 % 20 14 1% 24.00 760

CAUTION

WHEN INSTALLING FLANGED REDUCERS

On a standard flanged reducer, with a different
number of holes in the two flanges, there are only
two center lines which are common to the drilling
in both flanges. '

When installing, BE SURE reducer is properly
lined up, so that drilling in both flanges will match
correctly with other fittings and pipe in line.
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CAST IRON FLANGED FITTINGS
ANSI Specification B16.1

LONG RADIUS BASE ELBOWS
DIMENSIONS AND WEIGHTS

For Pressure Ratings For Drilling Template

See Page 65 See Page 65
F-1828
Straight Long Radius Base Elbows

Nominal pipe size.......... Inches 3 4 6 8 10 12
Dimension T.............. Inches; .38 .50 .56 .63 75 .81
Dimension B.............. Inches| 7.75 9.00 11.50 14.00 16.50 19.00
Dimension J*............. Inches| 4.88 5.50 7.00 8.38 9.75 11.25
Approximate weight....... Pounds 48 73 120 205 295 435
Nominal pipe size.......... Inches 14 16 18 20 24
Dimension T....... e Inches| .88 1.00 1.06 1.12 1.25
Dimension B.............. Inches| 21.50 24.00 26.50 29.00 34.00
Dimension J*. . ........... Inches; 12.50 13.75 15.00 16.00 18.50 ..
Approximate weight....... Pounds| 565 780 995 1240 1815 .

* Dimensions ‘“J’ are for machined bases. For bases not machined, add approximately lg-inc
Bases are not faced or drilled, unless specifically ordered.

Base Elbows~—Reducing Sizes

Starting with the 4 x 3 size, reducing sizes of base elbows are available in same range of
sizes as shown on page 69 for standard radius elbows and on page 70 for long radius
elbows. Such fittings are regularly furnished with the base under the larger size
opening. Elbows with the base under the smaller size opening are very special.

Center-to-face dimensions of reducing elbows (as well as base dimensions) are same as for straigl
size fittings corresponding to the size of the larger opening—as shown in tables on this pag

ﬁ k . ROUND BASE IS REGULAR
3 ©  Bases will be machined

RE i i o

T
Dimensions and Weights of Bases
For fitting size......... Inches| 3 | 4 | 5 | 6 | 8 |10 | 12|14 |16 | 18 | 20 | 24
Supporting pipe size. . ... Inches| 1151 2 214|215 4 | 4 | 6 | 6 | 6 8 8 8
Thickness T............ Inches| %4 | 38 | 11451 1145 1 1545 | 1841 1 | 1 | 1 | 115 | 115 | 114
Thickness U........... Inches| V5 | 4 |34 | 3% | 281 % | 1 | 1 |1 |1k |13 | 1Y
Diameter X............ Inches) 5 | 6 | 7 | 7 | 9 1 9 |11 11} 11 |13}5|1315|13)
Number of holes in base....... 4 1414414 |4|4|4)4 4 4 4
Size of holes. ........... Inches| 56 | 34 | 34 | 3 | %4 | 4 | % | % | %] % | % | %
Diameter BC........... Inches| 374 (434 |5Y41515 715|716 (9Y4 (935|914 | 1134|1134 | 113,
Weight of F-827 base.. .Pounds| 10 | 10 | 20 | 20 | 40 | 45 | 65 | 70 | 75 | 115 | 120 | 13C
Weight of F-1828 base..Pounds; 20 | 25 | .. | 35 | 60 | 65 | 85 { 95 1110 155 | 160 | 17¢
Weight of F-829 base...Pounds' 5 | 10 | .. |15 | 30 {30 | 4550 |50 | 75 | 75 | 80

t When bases are ordered drilled other than regular, a sketch must accompany the order.
Flange accessories must be ordered separately. See page 64 for information.
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CAST IRON FLANGED FITTINGS

Manufacturers Standard

Meets all Applicable Requirements of ANSI A21.10 (AWWA C110)
OFFSETS

For mechanical joint

Flange and plain end
offsets, see page 49.

or flange and bell offsets
can also be furnished—
to special order.

F-838 Offset
DIMENSIONS AND WEIGHTS
i Dimen- . Dimen-
Nominal | Pressure sions Approzx. Nominal | Pressure sions Approx.
Diameter | Rating Inches Weight || Diameter | Rating Inches Weight
Inches psi D v Pounds Inches psi D v Pounds
3x6 250 6| 19 40 8x18 250 18 | 35 225
3x12 250 12 | 22 50 8 x 24 250 24 | 3814 265
3x18 250 18 | 33 65 10x6 250 61 22 195
4x6 250 6 19 65 10x 12 250 12} 30 255
4x12 250 12 22 55 10 x 18 250 18 | 38 315
4x18 250 18 1 30 5 12x 6 250 6| 26 305
4x24 250 24 | 23%% 95 12 x 12 250 12 | 37 405
6x6 250 6 20 90 12 x 18 250 18 | 48 505
6x12 250 12 26 115 12 x 24 250 24 48 525
6x18 250 18| 33 145 14 x 18 150 18 | 49 535
6x24 250 24 | 224 145 16 x 12 150 12 | 40 540
8x6 250 6| 21 140 16 x 18 150 18 | 50 650
8x12 250 12 | 28 180

Regularly furnished with ﬂangés faced and drilled per template on page 65.
For making offsets on the job, see page 224.

Note: 14" and 16" Offsets for 250 psi working pressure are
furnished to 150 dimensions in ductile iron.

TRUE “Y” BRANCHES
Manvfacturer's Standard
F-844 DIMENSIONS AND WEIGHTS

lominal Diameter| Working Dimensions Approx.
Inches* Pressure Inches eight
D D, psi A B Pounds
3 3 175 5.50 3.00 30
4 3 175 5.50 3.00 35
4 4 175 6.50 3.00 55
6 3 175 5.50 3.50 55
6 4 175 6.50 3.50 60
6 6 175 8.00 3.50 90 !
8 4 175 6.50 4.50 85 F-844
8 6 175 8.00 4.50 100 Flanged True “Y"
8 8 175 9.00 4.50 140
10 6 175 8.00 5.00 140
10 8 175 9.00 5.00 155 Note
10 10 175 11.00 5.00 220 When ordering reducing
12 6 175 8.00 5.50 160 fittings, give size of open-
12 8 175 9.00 5.50 210 ings in the order indicated
12 10 175 11.00 5.50 240 by numerals I, II and IIL
12 12 175 12.00 5.50 315

Regularly furnished with flanges faced and drilled per template on page 65.
* Larger sizes can be made to order. Detailed information furnished on request.
Flange accessories must be ordered separately. See page 64 for information.
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METHOD OF DESIGNATING LOCATION OF

TAPPED HOLES AND/OR BOSSES
IN CAST IRON FLANGED FITTINGS

When a cast iron flanged fitting is wanted with a tapped connection,
give the size of the tapping required, and designate its location by means
of a letter selected from the correct view of the fitting in question.

S
90° Elbow 90° Elbow
Straight Size
90° Elbow Tee Cross
Reducing Size Reducing Size Reducing Size
Rl T
s
TN
FRONT VIEW SIDE VIEW FRONT VIEW SIDE VIEW
Side Outlet Elbow Side Outlet Tee 45° Lateral
Straight Size Straight Size Straight Size

90° Base Elbow

Eccentric Reducer

Tapping through the wall of fitting is limited
R R to sizes indicated in the table below. Larger size
] s tapped openings will require casting the fitting
T T with an integral boss—the location of which may
: also be identified by a letter, as ex

?lained above.
A boss is always required at “V” and “Y” on

45° Elbow straight and reducing sizes of 90-degree elbows, Reducer
and on tapered sides of reducers.
Maximum Size of Tapped Hole in Fitting
Size of fitting. .. .............. Inches| 3 4 5 6 8 10 12 14-24
Size of hole without boss.. ... .. Inches| 34 3% 34 % | 34 1 114 2
Size of hole with boss.......... Inches] 2 | 214 | 214 3 4 4 4 4
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SPECIAL FLANGE ADAPTOR

TO CONNECT EXTRA HEAVY 250 POUND FLANGES
AND STANDARD 125 POUND FLANGES

COMMON CENTER LINE BETWEEN
FLANGES TO BE MARKED AND TAGGED

LD
S

F-1989 Flange Adaptor

The F-1989 Flange Adaptor is used to con-
ect flanged pipe or fittings with Class 125
langes to Class 250 flanges of ANSI B16.1
pecifications. Common center lines are marked
nd tagged to eliminate difficulty in installation.

The template for 250 flanges is reproduced
elow for information only. We do not furnish

pipe or fittings with Class 250 flanges.

The Flange Adaptor is regularly furnished to
minimum length “L,” as shown in the table,
but can be furnished in longer lengths to 3'-6”
maximum when required. Adaptors are cast
of gray cast iron in Class D thickness, and are
rated for 250 psi water working pressure.

Dimensions and Weights

Jominal Pipe Size..........Inches| 3 | 4 | 6 [ 8 | 10|12 14| 16 | 18 | 20 | 24
Ainimum Length, L, Inches. .. ... 5 (5151616617 7 8 8 10
Veight per inch of body. ..... Lbs.[1.4]1.9(29/43]6.0(78|9.9]|123|14.9|17.7| 238
Veight for Length, L,

including flanges. ... .... Pounds| 25 | 35| 55 | 90 [125|1751230] 285 | 345 | 425 | 650

TEMPLATE FOR DRILLING EXTRA HEAVY 250 POUND FLANGES

\MERICAN NATIONAL STANDARD SPECIFICATION B16.1 FOR 250 POUND TEMPLATE}
For 125 pound template, see page 65

Diameter Thi col;ness Diag}eter Diag}eter Number Diameter | Length
Size o K of of
[nches Flange E&'ﬂlg? I&?‘;scid Cgfclfe B(c))l ts Bolts Bolts
Inches Inches Inches Inches Inches Inches
3 84 124 5146 634 8 % 3%
4 10 14 61545 7%% 8 A 3%
6 12} 174 9114 1034 12 3 4
8 15 154 11184 13 12 % 415
10 1714 1%% 1414 1514 16 1 514
12 2013 2 1674 1734 16 1% 514
14 23 21¢ 18184 2014 20 1% 6
16 2514 214 21 2215 20 14 614
18 28 23% 23545 2434 24 1Y 614
20 3014 214 2594 27 24 1Y 634
24 36 234 3054g 32 24 114 734

T ANSI B16.1 250 pound cast iron flanges have Ys-inch raised face.

lote: Drilling templates are in multiples of four, so that fittings may be made to face in any
uarter. Bolt holes shall straddle the center line.
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CLOW SUPER-LOCK® JOINT PIPE
An All Ductile Iron, Restrained Push-On Joint

Designed for Hard

Service Applications

=
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¥

F-128
Super-Lock Joint Pipe

Patented

Clow Super-Lock Joint, is a positive means of
restraining Super Bell-Tite Push-On Joint pipe
and fittings. The Super-Lock Joint is com-
pletely boltless and is recommended for both
exposed and underground installations with
working pressures up to 350 psi.

The Super-Lock Joint can be deflected after
assembly to facilitate installation and accom-
modate earth settlement or movement. The
design assures uniform load distribution be-

tween the restraining components when th
joint is deflected. The unique design of Clov
uper-Lock provides for quick and easy dis
assembly should the need arise.

The guper—Lock Joint complies with all th
push-on joint requirements of American Na
tional Standard A21.11. Ductile pipe furnishec
with this joint is made in accordance witl
American National Standard A21.51. For ANS
A21.51 thickness selection tables, see page 221

Dimensions and Weights* '

Nominal Joint Deflection
. Pressure A B .
Pi : . f rie
Si;): Rating In _Inches Pllpe 1(1) D. Retamelll' W é};ﬁ%s_s?l) 03;2 ds
Inches psi Degrees | in 18 feet nches O.D. Inches
6 350 4 15 6.90 1134 20
8 350 4 15 9.05 1434 35
10 350 4 15 11.10 1634 45
12 350 4 15 13.20 1914 60
14 350 3 11 15.30 2134 85
16 350 3 11 17.40 24 100
18 350 3 11 19.50 2634 145
20 350 3 11 21.60 2854 170
24 350 3 11 25.80 3334 290

*For Super Bell-Tite Pipe dimensions and weights, see pages 30 and 31.
tWeight includes Lock Ring, Retainer, Retainer Lock, Roll Pin and Gasket.

ORDERING IﬁFORMATION

Random Lengths: While F-128 Super-Lock
pipe is regularly furnished in nominal 18 ft.
lengths, we reserve the right to furnish random
lengths.

Total Footage: Unless otherwise specified on
the order, we will furnish,a footage not less
than the total ordered. We reserve the right
to furnish a total footage greater than the
footage ordered to allow the use of full length
pipe without cutting,.

End Connections: Unless otherwise specified
on the order, each pipe or length of giping
will be furnished Super-Lock Bell and Super-
Lock Plain End.

To connect with other type pipe and fittings,
Super-Lock Pipe can be furnished with a
variety of end connections, including the F-122
Mechanical Joint, the F-141 Rivercrossing
Joint and the F-162 Flanged Joint. Check
other requirements with us.

Exact Lafying Lengths: If any piece of pipe o1
length of piping must be furnished with arn
exact laying length, this must be specified
when the order is placed. Random lengths will
be used in making up exact laying lengths

greater than 18 feet.

Laying Length Tolerances: Tolerances on in-
dividual pieces of pipe furnished to exact
laying lengths shall be plus or minus !4 inch.

Tolerances on lengths of piping furnished tc
exact laying lengths shall be plus or minus
0.1 percent of laying length.

Accessories
Super-Lock Pipe are shipped with the lock
ring welded in place and the retainer secured
to the plain end by hook bolts. Super Bell-Tite
gaskets, lubricant, retainer locks and roll pins
are shipped in a separate container.
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MECHANICAL JOINT ANCHORING FITTINGS
TEES—ELBOWS

ROTO-RING T ——F—~T7 <_sgaT OF

JOINING
BELL

F-1217 Anchoring Tee, Mechanical Joint*

{Not illustrated)

F-1221 Super Bell-Tite on-the-run

Anchoring Tee

(Available in same sizes as F-1217)

I

Dimensions and Weights

t’ipe Size Dimensions Weight in pounds
‘Inches |H]| K | J | M |F-12177| F-1218
6x6 8{10 (1034|14Y4| 140 120
8x6 9|11 |1134[14Y4| 190
10x6 |11{13 (1334|1414| 260
12x6 |12|14 |1434|1414| 340
14x6 | 14|16 [1634[1414| 445
16 x 6 | 1517 |173411414| 550
18 x 6 |13[1715]1814|1414| 595
20 x 6 | 1419 (1934|1414 730
8x8 9|11 |1134[1614] 200
10x 8 |11|113 |1334]1615 285
12x 8 |12(14 (14341614 360
14 x 8 | 14|16 |[1634|1614 455
16 x 8 | 15|17 [1734[1614] 560
18 x 8 | 13(1714|1814|1615 610
20 x 8 [14119 193411614} 740

t Does not include MJ accessories.

——16"LAYING LENGTH
15 |/4“
ROTO-RING

]

11"LAYING LENGTH

|

F-1218 Anchoring Eilbow* 6” size only

Anchoring Tees and Elbows

The F-1217 Anchoring Tee is a standard MJ
tee except that the branch is plain end with an
integral gland and split Roto-Ring. The Roto-
Ring anchors the plain end to any MJ bell at-
tached to the branch. This tee can be used for
hydrant leads and for anchoring a valve to the -
tee when a future branch line is anticipated.

The F-1218 Anchoring Elbow is really three
fittings in one—two anchoring couplings plus
one 90° elbow. It allows hydrants to be an-
chored at either of two distances parallel to the
main. For example, when bolted to a 6” x 6”
standard MJ tee, 1t anchors the hydrant on
either 19” or 24" centers from the main line.

* Branch sockets with standardized MJ bellonly.

Some Typical Installations using MJ Anchoring Fittings

Typical instaliation perpendicular to the main
using standard M) tee, F-1211 Coupling, M}
valve, F-1216 Pipe, and MJ Hydrant.

T‘ypical installation par-
altel to the main, usin,
standard MJ tee, F-121
Elbow, M} valve, F-1211
Coupling, and M) Hy-
drant.
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'Ir"yfical installation of hydrant perpendicular to the maln, using F-1217 Anchoring Tee,
Valve, F-1216 Pipe and M) Hydrant.


















(CLOW)

MECHANICAL JOINT CAST IRON FITTINGS FOR PVC PIPE
Joint meets all requirements of ANSI specification A21.11 (AWWA-C111)

\/Y' <, ® 8‘/
F-6300 F-6305 F-6310 F-6315
90° Bend 45° Bend 22%,° Bend 11%° Bend
MJ and MJ MJ and MJ MJ and MJ MJ and M)
Dimensions and Weights
Nom. Pipe Pressure Dlﬁil;‘sé;) s Approximate Weight*—Pounds
Size, Inches | Rating, psi |5 B | F6300 | F-6305 | F-6310 | F-6315
6 250 6.0 3.0 75 65 65 65
8 250 7.0 3.5 110 95 95 95
10 250 9.0 4.5 165 130 135 - 135
12 250 10.0 5.5 225 185 190 190
* All weights are body weights only and do not include the weight of MJ accessories.
NOTE

Mechanical Joint Fittings for use with PVC Pipe are furnished with
F-6340 Duck-tipped Transition Gaskets. See page 41.

For F-1012 and F-1014 Solid Mechanical Joint Sleeves, see page 52.
For F-1035 MJ Plugs and F-1040 MJ Caps, see page 53.

DR

F‘—— é ——
f’J it o
—C C
¥
F-6320 F-6325 F-960
Tee Cross Reducer
MJ, MJ and M) MJ, MJ, MJ and MJ M) and MJ
Dimensions and Weights
Nom. Pipe Pressure Dimensions—Inches Approx. Weight*—Pounds
Size, Inches Rating, psi C D G F-6320 | F-6325 F-960

6x 3 250 4.75 6.00 9.00 90 L. 55
6x 4 250 4.75 6.00 9.00 95 Ce. 60
6x 6 250 6.00 600 | ..... 105 135 C
- 8x 4 250 5.00 7.00 11.00 125 L. 80
8x 6 250 6.00 7.00 11.00 145 . 95
8x 8 250 7.00 7.00 | ..... 160 200 C.
10x 4 250 5.75 9.00 12.00 170 e 105
10x 6 250 6.75 9.00 12.00 195 L. 115
10x 8 250 8.00 9.00 12.00 215 . 135
10x10 250 9.00 9.00 [ ..... 270 325 S
12x% 4 250 5.75 10.00 14.00 215 . 135
12x 6 250 6.75 10.00 14.00 235 ce 150
12x 8 250 8.00 10.00 14.00 270 . 165
12x10 250 9.00 10.00 14.00 320 Ce 190
12x12 250 10.00 1000 | ..... 355 420 L

* All weights are body weights onl and do not include the weight of MJ accessories.
y g
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(CLOW )

CAST IRON FLARE FITTINGS

==
| |

F-1440 F-1441
Flange and Flare MJ and Flare

F-1440 and F-1441

For pipe size...... Inchesl 3 4 6 8 10 12
Dimension L. ... .. Inches 8 8 8 10 10 12
Dimension C. ..... Inches 7Y% 9 11 1314 16 19
F-1440, Weight. . .Pounds} 20 30 40 70 95 155
F-1441, Weight. . . Pounds| 25 35 50 80 110 160
For pipe size. . ... .Inches 14 16 18 20 24
Dimension L...... Inches 12 16 16 18 18
Dimension C...... Inches 21 2314 25 2714 32
T-1440, Weight. . . Pounds] 165 240 275 355 480
F-1441, Weight.. . Pounds| 190 270 320 410 545

Note: F-1441 weights are body weights only and do not include weight of mechanical joint
accessories.

ﬂ-—B—ﬁ

fe— ¢ —+ fe— ¢ —!
F-1460 ' F-1464
Flange and Flare Flange and Flare
Short Radius 90° Bend Long Radius 90° Bend

F-1460 and F-1464

For Dimensions—Inches Approx. Weight
Pipe Size F-1460 Short Radius F-1464 Long Radius Pounds
Inches A D C B E C F-1460 | F-1464

3 515 9 7% 7% 1114 7% 25 30

4 615 10 9 9 1214 9 40 50

6 8 1135 11 1115 15 11 75 90

8 9 1314 1315 14 1814 13% 120 155

10 11 1614 16 1614 22 16 190 230
12 12 1815 19 19 2514 19 280 350
14 14 2145 21 2114 29 21 315 490
16 15 23 2344 24 32 2314 395 700
18 1615 25 25 2614 35 25 " 495 885
20 18 27 27%4 29 38 2714 635 1135
24 22 3214 32 34 4414 32 1600 1340

Note: End flanges are regularly drilled to 125 pound Standard template on page 65.
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CAST IRON WALL PIPES

F-1420
Bell and Plain End

F-1424
Bell and Flange

F-1422
Bell and Bell

Faces of bells and plain ends will be
machined only when so ordered—at
an extra charge.

F-1426
Flange and Plain End

We do not stock wall pipe. Lengths to meet
requirements (within certain limits) can be
furnished. Check with us.

Wall pipes may be placed in position before
the concrete is poured—to insure a water-tight
connection between the wall and casting—and
the pipe lines can be connected to wall casting
at any time after the wall has cured.

F-1428
Flange and Flange

Wall pipes can be furnished to set flush with
the walls or to extend through the wall. When
ordered with flanged ends to set flush with
walls, we recommend that the flanges be tapped
for studs. Where flanged ends extend beyond
the wall, flanges will be drilled to 125 pound
template unless otherwise ordered. Customer
must specify whether flanges shall be tapped
or drilled.

Plain ends are furnished to socket in calked bells only. Order
must specify if plain end is to socket in MJ or SBT bell.

Intermediate Wall Collars

The intermediate wall collar will always be located at the center of the overall length of the pipe
ordered, unless otherwise specified. These collars increase resistance to water seepage and provide
an anchor in wall. These castings are also furnished without collars. On short lengths due to the
shape of the bell, intermediate collars are not needed, and as noted below—are not available.

Important Note

In order that flanged piping (which is to be later joined to a wall
casting with flanged end—or ends) be correctly installed, it is necessary
that the wall casting be “set in the form’’ with the bolt holes in flanges
straddling the center lines—horizontally or vertically. For absolute

9 accuracy, we recommend checking the alignment by means of a spirit
o) level or plumb line before the wall is poured.
[e]
Dimensions and Weights
— < - ; - -
Nominal | Press. e Tdag- | D'onsions | Approximate Weight Pounds
Pipe Si Rati
Inches | psic|Class| With | Without | Wall [0.D. off One | One | Per Inch
i Collar Collar [Thick| Collar | Flange Bell of Barrel
3 250 D 12 12 48 7.00 6 20 1.36
4 250 D 12 12 .52 8.00 10 25 1.90
6 250 D 12 12 .55 | 10.00 13 35 2.94
8 250 D 12 12 .60 | 12.50 21 49 4.26
10 250 D 12 12 .68 | 14.50 28 62 5.96
12 250 D 12 12 .75 | 16.50 43 76 7.81
14 150 B 13 12 .66 | 19.50 54 88 7.89
14 250 D 13 12 .82 | 19.50 51 94 9.93
16 150 B 13 12 70 | 21.75 67 114 9.55
16 250 D 13 12 .89 | 21.75 63 125 12.29
18 150 B 13 12 75 | 23.75 70 133 11.48
18 250 D 13 12 .96 | 23.75 65 151 14.87
20 150 B 13 12 90 | 25.75 89 156 13.60
20 250 D 13 12 1.03 | 25.75 82 185 17.69
24 150 B 15 14 .89 [ 30.25 123 199 18.11
24 250 D 15 14 1.16 | 30.25 112 245 23.84

* Wall pipe can be furnished to meet most requirements. Check for maximum available length.
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CALKED TYPE CAST IRON WALL SLEEVES

Length
R

F-1430
Short Pattern Wall Sleeve

Il

Dimensions and Weights F-1430

For Pipe | Pressure | Diameter | Thickness | Collar | Length | Approx. WelIghth

Size Rating T E Overall* | Weight | Per Inc
Inches psi Inches Inches Inches Inches Pounds of

Barrel
3 250 4.76 .65 9.00 10 40 2.87
4 250 5.80 .65 10.00 10 50 3.42
6 250 7.90 .70 12.00 10 70 4.92
8 250 10.10 .75 14.50 12 110 6.65
10 250 12.20 .80 16.50 12 140 8.49
12 250 14.30 .85 19.00 14 200 10.52
14 250 16.20 .85 22.00 15 245 11.84
16 250 18.50 .90 24.50 15 305 14.26
18 250 20.60 .95 26.75 15 355 16.72
20 250 22.70 1.03 29.00 15 410 19.36
24 250 26.90 1.16 33.50 15 520 23.97

* Lengths listed are standard. Special lengths can be furnished-—check your requirements with us.

F-1435
Long Pattern Wall Sleeve

Dimensions and Weights F-1435

For Pipe | Pressure | Diameter | Thickness | Collar Length | Approx. Weight}‘,l
Size Rating D T E Overall* | Weight | Fer fnc
- Inches psi Inches Inches Inches Inches | Pounds Ba(;rel
3 250 4.76 .65 9.00 15 55 2.87
4 250 5.80 .65 10.00 15 70 3.42
. 6 250 7.90 .70 12.00 15 95 4.92
T 8 250 10.10 75 14.50 15 130 6.65
10 250 12.20 .80 16.50 18 190 8.49
12 250 14.30 .85 19.00 18 240 10.52
T 14 50 16.20 .85 22.00 18 285 11.84
16 50 18.50 .90 24.50 24 435 14.26
18 250 20.60 .95 26.75 24 505 16.72
20 250 22.70 1.03 29.00 24 580 19.36
24 250 26.90 1.16 33.50 24 735 23.97

117

* Lengths listed are standard. Special lengths can be furnished—check your requirements with us.


















TWO PIECE VALVE BOXES

These Valve Boxes
are used with
2" to 10"

1N
valves only. Iz
o For larger size !
valves, use the F-2450
\ see page 120
9
8%"—— l
F-2452 F-2454
Slide Type Screw Type
Valve Box Valve Box
Dimensions and Weights
Valve Box Extension Weight of Valve Box Parts
Model Number in Box with Bottom Top and Cover
F-2452 | F-2454 Inches F-2491 Cover |Tenoth | Weight | Length | Weight
461-A 461-S 18-23 57 15 24 10 33
462-A 462-S 27-32 - 67 24 34 10 33
562-A 562-S 77 24 34 16 43
564-A 564-S 39-50 86 36 43 16 43
662-A 662-S 3348 90 30 38 20 52
B64-A 664-S 39-60 106 36 43 26 63
666-A 666-S 51-72 113 48 50 26 63
668-A 668-S 63-84 123 60 60 26 63
Extension Sections
Figure.................... Number| F-2477 Slide Type F-2476 Screw Type
Model.................... Number No. 58A No. 58 No. 59
Extension................... Inches 14 14 20
Overalllength............... Inches 18 18 24
Approximate weight......... Pounds 25 25 30
HOW TO ORDER VALVE BOXES
BY VALVE SIZE AND DEPTH OF TRENCH
Valve Box Valve Size—Inches
Model Number 2 3 4 6 8 10
Slide Screw Trench | Trench | Trench | Trench Trench Trench
Type Type Depth Depth Depth Depth Depth Depth
F+2452 F-2454 Inches Inches Inches Inches Inches Inches
461-A 461-S 23-28 28-33 31-36 3540 3944 4449
462-A 462-S 32-37 3742 4045 4449 48-53 53—-58
562-A 562-S 32-43 3748 40-51 44-55 48-59 5364
564-A 564-S 44-55 49-60 52-63 5667 60-71 65-76
662-A 662-S 38-53 43-58 46-61 50-65 54-69 59-74
664-A. 664-S 4465 49-70 52-73 56-77 60-81 65-86
666-A 666-S 5677 61-82 64-85 68-89 72-93 77-98
668-A 668-S 68-89 73-94 76-97 80-101 84-105 89-110
Bottom of Trench
to Bottom of Box 5 10 13 17 21 26
Inches
123








































AsB
HYDRANT
Prior to
AUGUST 1968

[ p—

-

EDDY FIRE HYDRANTS |

PARTS LIST

AA & B8
HYDRANT
Shipped After
AUGUST 1968

Hydrant Repair Assemblles

Assembly C g of Parts
Main Stem 1-2-19-28-46-47-48
Main Stem (New Style) 1-2-19-29A-46-47-48

Hydrant vValve

21-22-23-24-26-27-28

Hydrant Valve (New Style)

21A-22A-24-26-27A-28A

Drain Support

30-31-34-35-36-37

Drain Valve

32-33-38-39-40-42

Complete Valve and Stem

ASSEMBLIES A & B

mlmiojo (8lw(E]»

Complete Vaive and Stem

ASSEMBLIES AA & BB

NOTE

Hydrant Valve Assembly

O-Ring Style Valve Assembly BB Will Not Fit Old Style Lower Stem #29,
Old Style Packing Valve Assembly B Will Fit New Style Lower Stem #29A
in4%%, 4% " and 5% “ Hydrants.

Complete New Stem and Valve Assembly Is Required for 4% Hydrant.
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IOWA FIRE HYDRANTS

PARTS
' 3

Hydrant Repair Assemblies
Assembly Consisting of Parts -
A | Complete Hydrant 24 thru 46, but
Valve Assembly not Part 39
Including Drain
B | Drain Valve Assembly | 40 thru 46

Parts 19, 21, 22 and 23 for Break Flange Hydrant have a suffix A. See page 147.
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CLOW AWWA GATE VALVES
IRON BODY, BRONZE MOUNTED, DOUBLE DISC, PARALLEL SEAT

DESCRIPTION AND ADVANTAGES

Clow AWWA Gate Valves are double dise,
parallel seat valves designed primarily for flow
control of water in underground pipe lines.
They equal or exceed the requirements estab-
lished by specifications of the American Water
Works Association and conform to Federal
Specifications WW-V-58b, Type II, Class I.

Clow AWWA Gate Valves are specifically
designed for heavy pressure service. Neck,
flanges, and bell are made extra heavy to

withstand pipe strain and possible shifting.
Body, cover, gates, and stem are built for extra
strength, with clean and simple internal con-
struction, to assure long service and low
maintenance.

All working parts are standardized and
interchangeable.

The construction of Clow AWWA Gate
Valves is clearly illustrated by the sectional
view shown on the opposite page.

OPERATION OF THE VALVE

Turning the stem releases the wedging pres-
sure on the gates allowing them to move away
from their seats before starting upward travel.
Further turning of the stem raises the gates into
the fully opened position.

When closing the valve, the gates move
freely downward without friction, to a position

opposite their seats.

As the gates approach the bottom of the
valve, the iron hooks come into contact with
stops which prevent further downward move-
ment of the hooks. The bronze wedges riding
on these hooks spread the gates apart and force
them against their seats.

CONSTRUCTION

Body: Cast lron, bronze mounted. Sturdy
proportions provide protection against damage.

Stem: Manganese bronze of high tensile and
torsional strength, with accurate, perfectly
machined threads. Ample diameters assure
smooth valve movement.

Stem Nut: Solid bronze. Independent of hooks,
gates, and wedges. Stem or stem nut will not
bind or spring out of line, as can happen when
stem nut is attached to wedges.

Wedges: Independent, solid bronze. 2-inch thru
3-inch valves have integral hook and wedge. 4-
inch thru 8-inch have independent solid bronze
wedges placed loosely in iron hooks, and are
free to adjust to varying positions of the gates.
See sectional view on opposite page.

In 10-inch and larger valves, each wedge has

one long and one short surface. The bottom of
each wedge forms a rocker bearing on the iron
hooks, letting wedges adjust to varying po-
sitions of the gates in closing. The long side is
used in closing the valve and the short side in
opening it.
Low Torque Thrust Bearing: Valves 4” through
12” are fitted below the stem collar with an
exclusive Low Torque Thrust Bearing which
provides high load capacity and low friction.
This bearing reduces operating torque up to
509, yet seals perfectly for repacking under
pressure.

Gates and Gate Rings: Gates 3-inch and
smaller are bronze. Gates 4-inch and larger are
high strength cast iron with bronze gate rings
rolled into machined and dovetailed grooves
under pressure to make gate and ring one in-
separable unit. After fitting, gate rings are ac-
curately machined.

Case Rings: Bronze case rings are screwed
into place and machined to a watertight sur-
face. They can be removed and replaced if
necessary.

Packing: O-Ring packing is standard on all
non-rising stem gate valves. Rising stem and
geared valves are furnished with conventional
packing. See page 149.

Operating Nut and Handwheel: All valves
except flanged valves and outside screw and
yoke valves are supplied with 2-inch square
operating nuts of high strength cast iron unless
otherwise specified. Flanged valves and out-
side screw and yoke valves are supplied with
handwheels of high strength cast iron unless
otherwise specified. Direction of opening is
indicated by arrow cast on operating nut skirt
or on the rim of the handwheel.

Yoke: Yokes for outside screw and yoke valves
are of rugged cast iron. Careful machining as-
sures accurate stem alignment.

Accessories: Valves may be fitted with any of
a large number of accessories, detailed on pages
178 through 186: cylinders, electric motor oper-
ators, gearing, by-passes, ete.

Rollers, Tracks and Scrapers: Recommended
for 14" and larger diameter valves to carry
weight of the gates for valves installed in a
horzontal line in horizontal position. See
page 184.

Slides: Recommended for 14” and larger valves
installed horizontally in a vertical line. See
page 184. ’

NOTE: All valves open to the left (counter-
clockwise) unless otherwise specified.
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CLOW AWWA NRS GATE VALVES

i
= ) Jo
Ul |
- WITROUT® BYPASS ¢
jadipdli
WITH BYPASS
F-5062 F-5065
Hub Ends Mechanical Joint

=z

DIMENSIONS

—

——

T 1T -

—3

F-5068
Threaded Ends

Dimension My,
L center of port to top of nut,
O-Ring Packing also apply to
Tapping Valves, Cutting-in Valves
3 and Auxiliary Valves.

&

]

b

VIITKOIH"’ BYPASS I

WITH BYPASS

F-5070

Flanged Ends

|-—s

F-5080

Push-On Ends
For Cast Iron Pipe

>

——]
=

&

i
u

A

F-5085 F-5310
Push-On Ends Square Bottom Flanged
For PVC Pipe ’:
Dimensions—Inches j
Valve Turns | Diam. '
Size to of A B C D G H J K| M |N]|P
Inches | Open | Stem
2 5 o7 34 1034 | 315 | 34 1014 | 514 (3
214 5 ®o|-... 34U 10| ....| 38y4 10| ... |...
2% 6 % 7% 113 ... | .... 1134|534 | ...
3 7 % | 8 3% 12} | 45| 3% | ... [121{|6 |34
4 15 1% 9 434 14 534 | 434 |54 |14 9 414
5 18 114 10 15 ... ... ... 15| ...]...
6 21 14 |10} 5% 18 7% | 514|618 ... | 8 Y4
8 27 13¢ |11% 6% 22 10 615 |7 22 ..
10 33 1% |13 634 | ....[25%% 112 | 634|714 | 2554 | .
12 39 15 |14 634 ....129% | 1434 | 7 734 129% | .
14 45 17 | 1584 |23 73411334 | 3615 (1634 | 714 | ... 3934 | .
16 52 | 1% (17 |23 91 | 1334 | 4034 | 1834 | 914 4315 | . L
18 58 214 19 24 914114 43141203/ | 9Y 46 .
20 64 2% |20 24 1014 [ 1414 [ 4714 | 23 10 50
24 76 21 |23 2814 | 10 16 5 2734116 5634
30 63 234 |25 3215 11215 [ 2014 | 6434 | 3334 | 1214 6614
36 75 3 27 36 2334 (2334 | 7534 | 4015 12334 | ... 7734
72 88 3 |34 34 2034 (2034 | .... 46152034 | ... |....
48 100 4515 | 45145 | 28 28 5274 | 28

Turns to open are for valves without gearing.
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CLOW AWWA GATE VALVES

DIMENSIONS

F-5070
Flanged Ends, NRS
Bevel gearing, by-pass

F-5072

Flanged Ends
Outside Screw & Yoke

Elh——]

Spur gearing, by-pass

z

F-5062
Hub Ends, NRS

Dimensions—Inches
Valve
Size Q R S T |U|V | W X |Y|Z |AA|BB | DD |GG | HH
Inches
2 14 111 74]..... N PV PR RPN D PRI Y PP PP P
2Y ... ... TY|..... B R PO P U DRV AP IV PPN PP R
215 | 1515 1234 7Y4|..... AU RN PP PR I A O DU N
3 2014| 1634| 7i4|..... PPN P PP P VP UV PO RN DI PP DI
4 24 1934(10 |..... B A DAY P RO PR P DAY PP P
5 2714) 2134|110 |..... RV DY P P R DRIV PAAUIY SRS PPN DR P
6 3115 2434112 |..... B R P PN RPN RPN PAVOR RPOPUY APEY D Y
-8 4015 3115|114 |..... PPN N PAPUS PP R P O e P P PR
10 4714| 3614|118 |..... SR UV DA P AU PR PR DV Pt U P P
12 5834 4534118 | 277%4/....13 |..... 3654 8 |....| 18 | 4034 12 3814 3134
14 68 53 22 | 33 191413 | 5714| 41 8 3134 18 | 45 |12 4234 35%
16 7534 5834|122 | 3674201413 | 6274 45 | 8 (3334 18 | 49 |12 4635 3934
18 8214 631526 | 3974221413 | 6734 48 | 8 (3634 18 | 5214 12 50 | 427
20 9014| 6914|126 | 433424 (13 73 | 5134 8 |4015| 18 | 5534| 12 53%4| 4615
24 (107 82 (30 | 5014|28 (13 | 8314| 5834 8 |46 18 | 6214 12 60 | 5274
30 {12814] 97 (30 | 62143114|1715[10024| 7114{10 |5414) 18 | 7634| 1515 | 7214 66
36 |14714|]110 (36 | 701440 |2334|120 | 87 |1334|681% 22 | 8834 2114 | 811¢| 72%¢
42 ... ... 30 | 92 {47 |1714|14514{10234|110 (7714 30 10634 27 [10514| 97
..... L....[30 10574|5414|18745/166 |11654|1114|8714/ 30 [120%4| 27 [119 (108

Flanges are faced and drilled to ANSI 125 pound template, unless otherwise instructed.
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CLOW TAPPING VALVES AND SLEEVES
SIZES AND DIMENSIONS

| &= n 1
J\ﬁ
.J f— A
F-5093 F-5082 F-5211
Mechanical Joint PVC Push-On Joint Tapping Push-On Joint Tapping
Tapping Valve Valve for PVC Pipe Valve for Cast Iron Pipe

Dimensions—Inches

Dimen-
sions 2 3 4 6 8 i 10 12 14 16 18 20 24

A 67 | 8 | ...

C 656 | % | 84

D 104 | 11% |14 | ... | ...

H T3 | 0% | 1034 | 1176 | 1837 | 14354 | 16 | 1614 | 20%% | 1905 | 2214 %53,
J 215 131 | 334 | 33| 44| 43¢ | 5% | 3% | 5 5% | 514 | 334
K 1054 (1234 | 14 | 18 | 22 | 2554 | 2914 | 3934 | 431 | 46 | 50 | 56%
P O B ETEYA IR T: 37 I e ETON INOOT IR INUUT ITT

Turns
to open 5 7 15 21 27 33 39 45 52 58 64 76

00 o000

\_Js kb

UUUL

D

Dimensions—Inches F-5205 Mechanical Joint Sleeve

Sleeve |Fits Pipe 0.D. Sleeve | Fits Pipe O.D.

H* AA | DD

Size | Min. | Max. Size | Min. | Max.
4.74 . i % | 17 12x 2 | 13.14 | 13.56 | 3, | 1115 | 1714
ax2 ) e iﬁ 8% 17 12x 3 | 13.14 | 1356 | 4l | 1234 | 1735
4x 4 474 | 506 | 5% | 8 17 12x 4 | 13.14 | 13.56 | 5% | 12}4 | 17)%
12x 6 | 13.14 | 13.56 | 7, | 1214 | 2314
6x2 | 684 | 7.16 | 3} | 8 1675 || 12x 8 | 13.14 | 13.56 | 9l | 1214 | 2315
6x 3 6.84 | 7.16 | 4l | 8 1674 || 12x10 | 13.14 | 13.56 | 11l | 1214 | 29)%
6x 4 | 684 | 7.16 )\ 54| 8 | 1636 || 12x12 | 13.14 | 13.96 | 135, | 1136 | 29}%
8x 2 | 899 | 936 3l | 8%% | 1634 | 14x 6 7% | 1315 | 264
8x 3 | 899 | 936 | 4lg | 10 1634 || 14x 8 See Note olg, | 1315 | 2614
8x 4 | 899 | 936 | 5l | 10 1634 || 14x10 113, | 1315 | 2614
8x 6 | 899 | 936 | 7% |10 | 223 | 14x12 13%, | 1315 | 2614
8x 8 8.99 | 936 | 9% | 10 2237 || 16x 4 Bl | 1414 | 2614
10x 2 | 11.04 | 11.46 | 3l | 10 1754 || 16x 6 7Y | 1415 | 2614
10x 3 | 11.04 | 11.46 4@ 10 17% 16x 8 See Note 9l | 1415 | 2614
10x 4 | 11.04 | 11.46 | 5l | 10 1754 || 16x10 113 | 1415 | 2614
10x 6 | 11.04 | 11.46 | 7%, | 104 | 2614 ||_16x12 134 | 1414 | 2614
10x 8 | 11.04 | 11.46 | 9l | 10725 | 2614 Note: 14” and 16” Sleeves are ductile iron,
10x10 | 11.04 | 11.46 | 11lg | 1074 | 2614 and are cast to both AB and CD diameters.

*Tongue and recess detail is in accordance with MSS SP-60.
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CLOW VALVES

ORDERING INFORMATION

Use Figure Number wherever possible to identify product wanted

When placing orders or making inquiries, please furnish the following information.

This information will enable us to answer your questions, prepare quotations, and fill

your order promptly. Lack of essential information is almost sure to cause delays.

1. Quantity.

2. Size.

3. Working pressure: Refer to tables of
pressure ratings.

4. End type or types: Gate valves are fur-
nished with any end types shown on pages
148, 149, 154, 156, 158, 160 and 162.

4A. Flanged valves: Normally furnished
with ANSI 125 pound Standard flanges with
bolt holes straddling center lines.

4B. Mechanical Joint valves: Normally fur-
nished with standardized mechanical joints
with plain rubber gaskets. Cutting-in type
mechanical joints also available for use in exist-
ing cast iron pipe lines—see page 156.

5.|Direction of opening: Must be specified.
Open left (counterclockwise); or open right
(elockwise).

6. [Type of stem: State whether non-rising
stem or rising stem with outside screw and yoke.

7. Installation position: Indicate position in
which valve will be installed (vertically, hori-
zontally, or otherwise).

tion
tions [WW-V-58b, for Type 11, Class I, Valves.

8. Operating nut or handwheel: All flanged
valves and all rising stem valves with outside
screw and yoke are furnished with handwheels
unless otherwise specified. Other valves are fur-
nished with a 2-inch square operating nut unless
otherwise specified.

9. Stuffing box: Whether conventional or O-
Ring. Unless otherwise specified, we regularly
furnish NRS valves with O-Ring packing;
other valves are regularly furnished with con-
ventional stuffing box packing.

10. Indicator posts and valves: State depth
of trench (distance from ground line to bottom
of the pipe line); size and shape of operating
nut, if other than standard. For valves already
in place, state whether valve is equipped with
a flange for post support; if so, give flange
dimensions, and distance from centerline of
valve to top of flange. (See page 163.)

11. By-pass Valves: are furnished as indi-
cated on page 178. State location, whether man-
ually operated by-pass will have handwheel or
operating nut, and any special instructions
necessary.

12. Pars: Always order parts by number.

13. Valve boxes: Can be furnished.

SPECIFICATIONS

Clow| AWWA gate valves are manufactured in accordance with American Water Works Associa-
pecification AWWA C500, Gate Valves for Ordinary Water Service, and Federal Specifica-
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CLOW AWWA BUTTERFLY VALVES
DIMENSIONS

]
L

Flanged Ends

For Dimensions

(o)

see Page 167

Flanges are
Faced and Drilled
ANSI B16.1

f Operators

125 pound
Standard

Mechanical Joint Ends

Dimensions—Inches

Nominal ]

Pipe A B C D E F I J N O P
Size
14 13 1254 | 14 6 2 | 2 21 8 | 20y 514 | 1214
16 154 | 13%% | 1514 6 6 2 23Y4 8 | 2214 5% | 1274
18 171 | 1434 | 1634 6 6 214 | 25 8 | 243 6 13
20 193 | 15724 | 1734 6 6 215 | 2715 8 | 27 614 | 13Y
24 231; | 18% | 20 6 6 3 32 8 | 311 61 | 1315
30 29}g | 23%g | 2334 | 815 | 814 | 3534 | 383 | 12 | 39l¢ 9% | 174
36 351 | 27 2734 815 | 8lg | 434 | 46 12 | 46 1034 | 1834
42 4136 | 3015 | 31lg 8% | 814 | 5 53 12 | 53Lg | 111 | 19Y4
48 475 | 3334 | 34%% | 845 | 815 | 5% | 59% | 15 | 60 1214 | 2015

s WN

Double “0O" Ring

Butterfly Valve Packing

Clow Butterfly Valves are regularly furnished with double
O-Ring packing. When specified, Pull-Down Gland packing
or Split “V” packing can also be furnished.

Ordering Information

When specifying or requesting quotations, please include the following information.

. Quantity.
. Size.

. End Type.

. Direction of Opening (Left or Right).
5.

or less.

6. Type of Operator: for buried service with
operating nut; above ground service with crank,
handwheel or chainwheel (with position indi-
cator) cylinder or motor operator, etc.

7. Type of disc: ductile ni-resist standard; or
ductile iron with stainless steel edge, optional.

Working Pressure: AWWA Class 150 B, 8. Packing: O-Ring standard. Pull-Down

Gland or Split “V”’ packing optional.
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CLOW

OPERATORS

Manual Operator
For 14" Valves

AWWA BUTTERFLY VALVE

7 =)
‘ N
L
N ]
Dimensions—Inches
For Valve

Size A B C E F G H K L M N
Inches

14 517 | 315 | 2% | 506 | 9% | 18 | 9% | 7% | 4} | 10 1514

Manual Operator
For 16" thru 48" Valves
e F——
G < +_
L”l i &P@J’L
N !
|
Dimensions—Inches
For Valve

Size A B C D E F G H J| K L M N
Inches .

16 thru 24 | 1314 | 1234 | 534 | 335 | 11 1634 | 18 | 1634 | 1 [ 875 | 4 15 | 2634
30 thru 48 | 21 20 034 | 434 | 1614 | 2474 | 18 205 | 1| 9% | 4% | 15 | 32
Operator with Spur Gear Attachment
For 16" thru 48" Valves

H 'l
|
\ ™ ¥
[ — Al N Pi . T— %—
L & c'f2 ¥
4 SHUT N s ¢ | o ] "
% z
N
1 F
. Dimensions—Inches
For Valve ]
Size F G H M N P Q R
Inches
16 thru 24 1954 18 20 15 2954 3% 614 334
30 thru 48 2814 18 25145 15 3534 3% 614 33
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CLOW HORIZONTAL SWING CHECK VALVES

4" thry 127
DIMENSIONS

dleo )
F1.5380 Flanged Ends F-5386 Mechanical Joint, showing typical F-5382 Flanged Ends,
dimensions of Outside Spring and Lever showing Outside Lever
and Weight
Dimensions—Inches
Vialve Size in Inches 4 6 8 | 10 | 12
A Face to face of flanges. .. ............ ... ... ... 13 16 18 22 26
C Diameter of end flanges. .. ..................... 9 11 13} | 16 19
D Thickness of end flanges........................ Bl 1 1% | 134 | 14
E Diameter of bolt circle. .. ...................... 7% | 944 j 113 |14 17
F Number and diameter of bolts. . ................ 8-5%| 8-34| 834 |12-%|12-%%
‘ N Face to face of mechanical joints................ 1434 11734 12034 | 24 27
1 Q | Outside diameter of mechanical joint end......... 934 | 118¢; | 13%% | 15135 | 18l
v Center line of port to top of cover............... T84 934 (1114 | 141 | 1634
'W | Center line of valve to end of hinge pin of valve
‘ with weight and lever........................ 8 1034 | 1134 | 1315 | 1484
‘X Center line of valve to outside of spring.......... 7% 1 934 |11 1284 | 1415

Flanges faced and drilled to ANSI 125 pound template, unless otherwise instructed.

INCREASING HORIZONTAL SWING CHECK VALVES

F-5380 Flanged Ends, showing F-5386 Side View Flanged Ends, showing
Outside Spring and Lever Qutside Spring and Lever

Dimensions—Inches

Valve
Size A B E F G H
Inches
4x6 11 1314 104 T34 7% 9
4x8 1315 15 101 %% 7Ys 9
6x8 1314 1614 1334 934 934 11

CHECK VALVE ORDERING INFORMATION
Please furnish all the information requested below:

1. Quantity. 4. End Types: Whether flanged or Mechan-

2. Sixze. ical Joint.

3. Type: Whether plain, outside lever and 5. Special Features: Leather or rubber fac-
weight, or outside lever and spring. ings, aluminum or bronze gates, etc.
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FLOOR STAND ARRANGEMENTS

11 I

NRS Floor Stand Rising Stem Floor Stand NRS Geared Floor Stand NRS Floor Stand
with NRS Valve with Sliding Stem Gate Valve with NRS Valve with OS&Y Valve

Nate: Rising Stem Floorstands cannot be used with OS&Y valves. When position of OS&Y
vajve must be known, use the NRS indicating Floorstand with special yoke attachment.

a

NRS |Floor Stand NRS Floor Stand with NRS Bevel NRS Indicating Floor Stand NRS Floor Stand
with NRS Spur Geared Valve, and NRS Floor with NRS Bevel with OS&Y, Spur
Geared Valve Stand for By-pass Valve Geared Valve Geared Valve
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VITRIFIED CLAY PIPE AND FITTINGS

for Sewers, Drains and Industrial Wastes

Vitrified clay pipe is the standard, preferred
piping for gravity sewer and waste collection
systems. This is because it is chemically inert,
structurally strong and has an indefinitely long
life. Compression type joints eliminate root
problems and control infiltration to specified
low levels.

Through its Clay Products Division, Clow is
a major producer of vitrified clay pipe products
in the northeastern states and the middle west.
A network of yards and dealer stocks provide
prompt service for all construction require-
ments. Factories are located at Pottstown,

Pennsylvania, and Carol Stream (suburban
Chicago), Illinois.

A complete line of fittings, accessories and
related sewer piping products are also furnished
from supply yards at the locations shown below.
Self-unloading trucks and palletized loads
simplify handling, reduce breakage, and speed
deliveries.

Requests for quotations and inquiries should
be ad%ressed to the General Sales Office, Clow
Corporation, Clay Produets Division, P. O.
Box 20, West Chicago, Illinois 60185 (312)
231-8000, or for yard shipments to any of the
stocking locations shown on the map below.

Pipe shipped by self-unioaders.

Palletized loads save time and labor. |

A complete clay pipe service, with factories®and yards ®

in the northeast and the middle west

Rochester @

Albany @ Boston
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CLOW—VULCAN CHEMICAL WATER TREATMENT

Vulcan Laboratories Division

Chemical Water Treatment and Application Equipment
serving Engineers and Architects for boiler and cooling water systems

CLOW—VULCAN LABORATORIES

Chemical Water Treatment and Application
Equipment serve engineers and architects for
boiler and cooling water systems.

Vulcan Laboratories provides a chemical

water treatment service, selling eguipment and .

offering technical knowledge and proprietary
treatment products for engineered water
quality control.

Vulcan chemical treatment is designed to
prevent scale and corrosion in water handling

equipment such as boiler, cooling water s%;s-
tems, process water equipment, steam, potable
water and closed-water systems.

Related products include scale removers, oil
and grease removers, microbiological treat-
ments, condensate treatments and similar
chemical treatment products.

Vulecan complete application systems auto-
matically control water quality by dispensing
custom built chemical formulations.

THE HYDROSYSTEMATIC® ENGINEERING APPROACH

Hydrosystematic/Engineering is Vulcan’s
approach for a completely automatic water
treatment application system, custom designed
for individual plant requirements. It provides a
system-compatible water treatment designed
to be fed directly from the shipping container,

prefabricated, skid mounted and unitized for
terminal connections. Hydrosystematic assures
positive control for uninterrupted plant op-
eration—without a measuring of liquids, a
weighing of powders or counting balls.

The Total Program Is A Three Phase
Procedure—

1. Properly engineered application systems
2. Custom formulated chemical treatments

3. Proper field service and testing control
which will insure coordination of the system
and chemical programs with the owners per-
sonnel.

Hydrosystematic Solves These Problems—

Constituents In Water

Dissolved solids
Dissolved gases
Microbiological growth
Suspended solids

All these constituents are factors in forming
deposits which retard heat transfer and water
flow.

The Vulcan Hydrosystematic approach is
offered with a variety of application controls.
In all specifications, however, the three-problem
areas are considered. In addition, testing equi
ment and field service support provide the
complete control.

Related Problems

Scale-corrosion

Fouling factors
(algae, slime, fungi)

Mud, silt, flyash

Vulcan’s field service includes complete train-
ing of operating personnel and a continuous
service program as part of the specifications.
Vulcan Laboratories, Inc. services all locations
throughout the country.

The consulting engineer and Vulean work
together to write performance specifications
and provide a single source responsibility to
insure the intent of that specification fulfills
the complete needs of the owner.

For specific information, address
Clow Corporation, Vulcan Laboratories Division, 408 Auburn Avenue, Pontiac, Michigan 48058
(313) 334.4747 .
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APPLICABLE SPECIFICATIONS FOR GRAY CAST IRON
AND DUCTILE IRON PRESSURE PIPE AND FITTINGS

All the specifications covering the different types of Clow gray cast iron and ductile iron pipe
and fittings are listed below, by product. The requirements of each specifying body listed for
each product are identical. We list them all so that you can choose the authority you prefer.
The latest revisions to the following specifications govern our manufacture.

Note
Pipe should not be specified by pressure class, because this ignores depth of cover and laying
conditions. Specify thickness by the ANSI thickness designation number, such as Class 2, 3, 4,
ete. (ductile cast iron), or Class 22, 23, 24, etc. (for gray cast iron) to cover the actual conditions

for the project.

SPECIFICATION REFERENCE

Specifying Body and Specification Number
Product American Water American National United States
Specified Works Association Standards Institute Government
AWWA ANSI FEDERAL .
Specification Specification Specification
Ductile Iron WW-Pt2le. T -
Super Bell-Tite rr-cele, lype:
Foint Pive | AWWA Ci51 ANSI A21.51 Grade O
3" thru 24"
o lrol;_ WW-P-421¢, T 1I
Super Bell-Tite - lc, Type
Joint Pipe AWWA C106 ANSI A21.6 Grades A & B
3" thru 24" :
Super
Bell-Tite AWWA C111 ANSI A21.11 WW-P-421¢, Type 11
Joint Detail
Ductile Iror;
Mechanica WW-P-421¢, Type III
Joint Pipe AWWA Cl51 ANSI A21.51 Grade C
3” thru 24"
Gray IronI W
Mechanica WW-P-421¢, Type 111
Joint Pipe AWWA C106 ANST A21.6 Grades A & B
3’ thru 24"
Mechanical
Joint Detail AWWA C111 ANSI A21.11 WW-P-421¢, Type III
‘i_‘i*"“;:;' AWWA C104 ANSI A21.4 WW-P-421¢
No  Standards. See
Polyethylene | \ vy o105 ANSI A2L.5 AWWA or ANSI speci-
Encasement fication.
Ducﬁle“ S
Pipe Wa WW-P-421c. See AWWA
Thickness AWWA C150 ANSI A21.50 or ANSI specification.
Determination
AWWA C106, Table 6.3. | ANSI A21.6, Table 6.3. | WW-P-421c, for pipe
For Depths of cover not | For depths of cover not | laid without blocks in a
Gray lron included in this table, de- | included in this table, de- | flat bottom trench with
Pipe Wall termine thickness in ac- | termine thickness in ac- | tamped back-fill under
Thickness | cordance with AWWA | cordance with ANSI | 5.t. of cover. See ANSI
Determination | C101 based on internal | A21.1 based on internal | or AWWA specification.
pressure, depth of cover | pressure, depth of cover |
and laying condition. and laying condition.
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APPLICABLE SPECIFICATIONS FOR GRAY CAST IRON
AND DUCTILE IRON PRESSURE PIPE AND FITTINGS

SPECIFICATION REFERENCE (Continued)

Product

Specifying Body and Specification Number

American Water

American National

United States

Specified Works Association Standards Institute Government
AWWA ANSI FEDERAL
Specification Specification Specification

Ductile Iron
Flanged
Joint Pipe
3" thrv 24"

AWWA C151 for physi-
cal and chemical require-
ments of pipe barrel and
AWWA C110 for flanges.

ANSI A21.51 for physi-
cal and chemical require-
ments of pipe barrel and
ANSI A21.10 for flanges.

WW-P-421¢, for physi-
cal and chemical require-
ments of pipe barrel. See
AWWA or ANSI specifi-
cation for flanges.

Gray Cast Iron
Flanged
Joint Pipe

AWWA C106 for physi-
cal and chemical require-
ments of pipe barrel and

ANSI A21.6 for physical
and chemical require-
ments of pipe barrel and

WW-P-421¢, for physi-
cal and chemical require-
ments of pipe barrel. See
AWWA or ANSI specifi-

3" thru 24" | AWWA C110 for flanges. | ANSI A21.10 for flanges. | . 4. ceor fianges.
Gray iron and No Standards.  See
Ductile iron AWWA C110 ANST A21.10 AWWA or ANSI Specifi-
 Fittings cation.
echanical No Standards. See
Joint | AWWA Cl0and ANSI A21.10 and AWWA or ANSI Specifi-
| Fittings ) cation.
~ | Super No Standards.  See
ollTite | Awwa G110 and ANSI A21.10 and AWWA or ANSI Specifi
Fiftings ) cation.
Flan' ed ANSI A21.10, . or B16.1 [ No Standards. See
‘Finig p AWWA C110 where A21.10 is not ap- | AWWA or ANSI Specifi-
‘ 9 plicable. cation.
Ductile
ast lron No Standards. ANSI A21.52 EI%SI SStan%ar(%g. See
Pipe for Gas pecliication.
Mechanical
Aulren No Standards. See
.lolel::ng::gs No Standards ANSI A21.14 ANSI Specification.

ANSI Spec. A21.1 and AWWA Spec. C101:

Following are titles of the above specification numbers:

Thickness Design of Cast Iron Pipe.
Federal Specification WW-P-421c: Pipe, Cast Gray and Ductile Iron, Pressure (For Water and
Other Liquids). 3" thru 24" size.
ANSI Spec. A21.4 and AWWA Spec. C104: Cement Mortar Lining for Cast Iron and Duectile
Tron Pipe & Fittings for Water.
ANSI Spec. A21.5 and AWWA Spec. C105: Polyethylene Encasement for Gray and Ductile
Cast Iron Piping for Water and Other Liquids.

ANSI Spec. A21.6 and AWWA Spec. C106:
Cast Iron Pipe Centrifugally Cast in Metal Molds,

ANSI Spec. A21.10 and AWWA Spec. C110:
Gray Iron and Ductile Iron Fittings, 2” through 48",

1 and AWWA Spec. C111:

ANSI Spec. A21.1
or Cast Iron and Duectile Iron Pressure Pipe and Fittings.

Rubber Gasket Joints f

for Water or Other Liquids.

for Water and Other Liquids.

ANSI Spec. B16.1: Cast Iron Pipe Flanges and Flanged Fittings, Class 125.
ANSI Spee. A21.50 and AWWA Spec. C150. Thickness Design of Ductile Iron Pipe.

ANSI Spee. A21.51 and AWWA Spec. C151: Ductile Iron Pipe, Centrifugally Cast in Metal
Molds or Sand-Lined Molds, for Water or Other Liquids.

ANSI A21.52. Ductile-Iron Pipe, Centrifugally Cast in Metal Molds or Sand-Lined Molds for Gas.
ANSI A21.14: Gray Iron and Ductile Iron Fittings—3” thru 24"—for Gas.
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THE DESIGN OF GRAY CAST IRON PIPE

A Digest of ANSI Standard A21.1 (AWWA C101) for the
Thickness Design of Cast Iron Pipe

The American National Standards Institute,
sponsored by American Water Works Associa-~
tion. American Gas Association, and New
England Water Works Association have pub-
lished Specification ANSI A21.1 (AWWA
C101) Standard for the Thickness Design of
Cast Iron Pipe. Federal Specification WW-P-
421c is based on these resuits for 5 of cover,
laying condition B; for other conditions
the ANSI Specifications should be used.

This ANSI Standard provides a method
for computing the thickness required for cast
iron pipe when subjected to various internal
pressures, depths of cover, and methods of
laying. In addition, other factors are considered
in determining the thickness of cast iron pipe,
as mentioned below. Formerly, only the in-
ternal pressure was considered in determining
the thickness of cast iron pipe.

CALCULATING THE THICKNESS OF CAST IRON PIPE

A formula was developed by ANSI Sectional
Committee A21 to determine the pipe thick-
ness taking into account both the bursting
pressure and external load. The results of
these formulae permit the plotting of curves
of internal pressures and external loads based
on definite assumed metal thicknesses, and the
thicknesses for the desired combinations of
internal pressure and external load can then
be interpolated. Since this procedure is quite
laborious, the Committee has constructed
nomograms for the quick reading of pipe
thickness for various combinations of in-

ternal pressure and external load. Curves
of external load per linear foot of pipe for
different laying conditions, trench dimensions
and depths of cover have been constructed
and values read from these curves must be
converted to the three edge bearing, or labora-
tory test basis, by means of a factor in an
appropriate table. With the resulting external
load and the internal water pressure deter-
mined, these two fundamental factors in pipe
wall thickness determination can be referred
to the appropriate nomogram for reading the
metal thickness required. ‘

ADDITIONAL FACTORS FOR PIPE WALL THICKNESS DETERMINATION w

In addition to external earth load and internal water pressure, the following additional allow-
ances are made in order to insure that all applicable stresses are accounted for:

1. Allowance for Water Hammer

This allowance is read from a table showing
the additional internal pressure equivalent to
water hammer for different sizes of pipe and
varies from 70 to 120 psi.

2. Allowance for Truck Load

The impact of trucks crossing over a pipe
line is read from curves and tables and is
added to the earth load. It is assumed highly
improbable that a pipe line would be subject
to water hammer and truck load at the same
time, so the most severe condition of either
water hammer and no truck load, or truck
load and no water hammer is chosen in deter-
mining pipe wall thickness.

3. Factor of Safety :

A factor of safety of 2.5 is applied to both
the internal pressure plus water hammer and
to the external earth load plus truck load. This
safety factor is based on long time experience
in pipe design.

4. Allowance for Foundry Tolerance

After reading the required pipe wall thick-
ness from the nomograms, the maximum
foundry thickness tolerance permitted by the
ANSI Specifications is addeg to the required
thickness.

5. Allowance for Corrosion

A corrosion allowance of .08 inches is also
added to the thickness determined from the
nomograms and the foundry tolerance.

To simplify pipe wall thickness determination, numerous calculations were made to produce
tables covering the most common internal pressures and depths of cover for the different laying
conditions, so that pipe wall thickness can be read directly from the tables without any caleulation.

ANSI STANDARD PIPE WALL THICKNESS CLASSES

For convenience of reference, the Committee
set up a system of class numbers for wall
thicknesses for the various sizes of pipe, for
instance, class 22, class 23, etc. For any pipe
size, the thickness class designates a definite
wall thiekness.

It will be found that the standard thicknesses
for the smaller sizes of pipe are appreciably in
excess of the calculated thicknesses because
eertain minimum thicknesses were established

to provide extra strength against possible
damage from handling and shipping.

For a complete discussion of the ANSI
Specification A21.1, together with the formulae
and graphs referred to in this Digest, see the
Standard.

The pipe tables on pages 216 through 219 are
based on cast iron pipe of 18,000 and 21,000
psi tensile strength, although the method of
computation applies to irons of any strength.
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WALL THICKNESS OF GRAY CAST IRON PIPE
CENTRIFUGALLY CAST IN METAL MOLDS

American National Standards Institute Specification A21.6 (AWWA C106)

To Find Thickness of Pipe Required to Meet Specific Conditions

1. From the tables on pages 216 and 217,
Standard ANSI Class Thickness, determine the
Class Number of the Pipe by diameter, working

ressure, laying condition, and depth of cover.
gpeciﬁc laying conditions applicable to cast
iron pipe are illustrated below.

2. If actual wall thickness in decimals of an
inch is desired, consult the table of Class Thick-
ness below, and read off the required wall thick-
ness corresponding to the correct Class
Thickness number.

Flat bottom trench
untamped backfill

3. The use of table on pages 216 and 217, in
connection with the Class Thickness Table be-
low, gives correct wall thickness for a wide va-
riety of service requirements. When these tables.
do not provide thickness for some other service
requirement, consult the Standard for the
Thickness Design for Cast Iron Pipe, ANSI
Specification A21.1 (AWWA C101).

If pipe is designated as Class 150 or Class
250, this is the thickness determined for 5 ft.
of cover, laying condition B per Federal Specifi-
cation WW-P-421¢ only.

LAYING CONDITIONS

Flat bottom trench
tamped backfill

Pipe laid in sand or
gravel, tamped backfill

CLASS THICKNESSES

Nominal Standard Class Numbers for Thickness of Pipe
Diameter | No. 20 | No. 21 | No. 22 | No. 23 | No. 24 [ No. 25 | No. 26 | No. 27 | No. 28 | No. 29
Inches ) Pipe Thickness in Inches
3 .. .. .32 .35 .38 41 .44 .48 52 .56
4 .. .32 .35 .38 41 .44 48 .52 .56 .60
-6 .. .35 .38 41 44 48 .52 .56 60 | .65
8 .35 .38 41 .44 48 .52 .56 .60 .65 .70
10 .38 41 .44 48 .52 .56 .60 .65 .70 .76
12 41 44 48 .52 .56 60 .65 .70 .76 82
14 .43 48 .51 .55 .59 .64 .69 75 .81 .87
16 .46 .50 .54 .58 .63 .68 73 .79 85 .92
18 .50 .54 .58 .63 .68 .73 79 .85 .92 .99
20 .53 57 62 .67 72 .78 .84 91 .98 1.06
24 .58 .63 .68 .73 .79 .85 .92 .99 1.07 1.16
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STANDARD ANSI CLASS THICKNESSES OF 21/45 STRENGTH
GRAY CAST IRON PIPE

American National Standards Institute Specification A21.1 (AWWA C101)

To Find Thickness of Pipe Required to Meet Specific Conditions

The tables below are similar to those of page
216 and 217 except that they are computed
for metal of 21,000 psi minimum bursting
tensile strength and 45,000 psi minimum mod-
ulus of rupture. Because of the higher strength
metal, class thickness for any given condition
may be somewhat less than the class thickness
on pages 216 and 217, which are for pipe of

metal 18,000 psi minimum bursting tensile
strength, and 40,000 psi minimum modulus of
rupture.

Class thickness and equivalent actual wall
thickness in inches is reproduced from Standard
ANSI A21.1 (AWWA C101), and apply to pipe
of any strength metal.

Laying Conditions

A—Flat bottom trench, untamped backfill.
B—Flat bottom trench, tamped backfill.

F—Bedded in gravel or sand, backfill tamped.

Nominal [Worki 214 Feet of Cover | 314 Feet of Cover| 5 Feet of Cover | 8 Feet of Cover
Inside Pr%rss:;:'g Laying Condition | Laying Condition | Laying Condition | Laying Condition
Diameter| psi A | B ]| F A ] B|F A| B | F A | B | F
Inches ANSI Class Thickness*

3 50 22 22 22 22 22 22 22 22 22 22 22 22
100 22 22 22 22 22 22 22 22 22 22 22 22

150 22 22 22 22 22 22 22 22 22 22 22 22

200 22 22 22 22 22 22 22 22 22 22 22 22

250 22 22 22 22 22 22 22 22 22 22 22 22

300 22 22 22 22 22 22 22 22 22 22 22 22

350 22 22 22 22 22 22 22 22 22 22 22 22

4 50 22 22 22 22 22 22 22 22 22 22 22 22
100 22 22 22 22 22 22 22 22 22 22 22 22

150 22 22 22 22 22 22 22 22 22 22 22 22

200 22 22 22 22 22 22 22 22 22 22 22 22

250 22 22 22 22 22 22 22 22 22 22 22 22

300 22 22 22 22 22 22 22 22 22 22 22 22

350 22 22 22 22 22 22 22 22 22 22 22 22

6 50 21 21 21 21 21 21 21 21 21 21 21 21
100 21 21 21 21 21 21 21 21 21 21 21 21

150 21 21 21 21 21 21 21 21 21 21 21 21

200 21 21 21 21 21 21 21 21 21 21 21 21

250 21 21 21 21 21 21 21 21 21 21 21 21

300 21 21 21 21 21 21 21 21 21 21 21 21

350 21 21 21 21 21 21 21 21 21 21 21 21

8 50 20 20 20 20 20 20 20 20 20 20 20 20
100 20 20 20 20 20 20 20 20 20 21 20 20

150 20 20 20 20 20 20 20 20 20 21 20 20

200 20 | 20 | 20 | 20 [ 20 | 20 | 20 [ 20 { 20 | 21 | 21 | 20

260 20 20 20 20 20 20 20 20 20 22 21 20

300 21 20 20 20 20 20 21 21 20 22 22 21

350 21 21 20 21 21 20 21 21 21 23 22 21

10 50 20 20 20 20 20 20 20 20 20 21 21 20
100 20 20 20 20 20 20 20 20 20 22 21 20

150 21 20 20 20 20 20 21 20 20 22 22 21

200 21 20 20 21 20 20 21 21 20 23 22 21

250 21 21 20 21 21 20 22 21 21 23 23 22

300 22 21 21 22 21 21 22 22 21 23 23 22

350 22 22 22 22 22 22 23 23 22 24 23 23

12 50 21 20 20 20 20 20 21 20 20 22 21 20
100 21 20 20 21 20 20 21 20 20 22 22 21

150 21 21 20 21 20 20 21 20 20 23 22 21

200 22 21 20 21 21 20 22 21 20 23 22 22

250 22 22 20 22 21 20 22 22 21 24 23 22

300 22 22 21 22 22 21 23 22 22 24 23 23

350 23 22 22 23 22 22 23 23 22 24 24 23

* Thickness class includes allowances for foundry practice, corrosion, and either water hammer

or truck load, whichever is greater.

218



STANDARD ANSI CLASS THICKNESSES OF 21/45 STRENGTH
GRAY CAST IRON PIPE

- American National Standards Institute Specification A21.1 (AWWA C101)

214 Feet, of Cover

314 Feet of Cover

5 Feet of Cover

8 Feet of Cover

Nominal Working - el . — - - - —
Inside |pressura Laying Condition | Laying Condition | Laying Condition | Laying Condition
Diameter psi A | B ]| F A | B | F A ] B | F A | B | F
Inches ANSI Class Thickness”

14 50 21 21 21 21 21 21 21 21 21 23 22 21
100 22 21 21 21 21 21 22 21 21 23 23 21

150 22 21 21 22 21 21 22 21 21 24 23 22

200 23 22 21 22 21 21 23 22 21 24 24 23

250 23 22 21 23 22 21 23 23 22 25 24 23

300 23 23 22 23 23 22 24 23 23 25 24 24

350 24 23 23 24 24 23 24 24 24 25 25 24

16 50 22 21 21 21 21 21 22 21 21 23 22 21
100 22 21 21 22 21 21 22 21 21 24 23 22

150 22 21 21 22 21 21 23 22 21 24 23 22

200 23 22 21 23 22 21 23 22 22 24 24 23

250 23 22 22 23 22 22 23 23 22 25 24 23

300 24 23 22 23 23 23 24 23 23 25 25 24

350 24 23 23 24 24 23 25 24 24 26 25 25

18 50 22 21 21 21 21 21 22 21 21 23 22 21
100 22 21 21 22 21 21 22 21 21 23 22 22

150 22 21 21 22 21 21 23 22 21 24 23 22

200 23 22 21 22 22 21 23 22 22 24 23 23

250 23 22 21 23 22 22 23 23 22 25 24 23

300 24 23 22 23 23 23 24 24 23 25 25 24

350 24 23 23 24 24 24 25 24 24 26 25 25

20 50 21 21 21 21 21 21 22 21 21 23 22 21
100 22 21 21 22 21 21 22 21 21 23 22 21

150 22 21 21 22 21 21 23 22 21 24 23 22

200 23 22 21 23 22 21 23 22 21 24 23 22

250 23 22 21 23 22 22 24 23 22 25 24 23

300 24 23 22 24 23 23 24 24 23 25 24 24

350 24 24 23 24 24 24 25 24 24 26 25 25

24 50 22 21 21 22 21 21 22 21 21 23 22 21
100 22 21 21 22 21 21 23 21 21 24 23 21

150 23 21 21 22 21 21 23 22 21 24 23 22

200 23 22 21 23 22 21 | 24 22 22 25 24 23

250 24 23 22 24 22 22 24 23 23 25 24 24

300 24 23 23 24 23 23 25 24 24 26 25 24

350 25 24 24 25 24 24 25 25 25 26 26 25

* Thickness class includes allowances for foundry practice, corrosion, and either water hammer
or truck load, whichever is greater.

STANDARD THICKNESS CLASS FOR GRAY CAST IRON PIPE

Nominal Standard Class Thickness

Diameter | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29

Inches
3 .. .. 32 .35 .38 .41 44 .48 .52 .56
4 .. .32 .35 .38 41 .44 48 52 .56 .60
6 .. .35 .38 41 44 .48 .52 .56 .60 .65
8 .35 .38 41 44 .48 .52 .56 .60 .65 .70
10 .38 41 44 48 .52 .56 .60 .65 .70 .76
12 41 44 .48 .52 .56 .60 .65 .70 76 .82
14 .43 .48 .51 .55 .59 .64 .69 .75 .81 .87
16 .46 .50 .54 .58 .63 .68 73 79 .85 .92
18 .50 .54 .58 .63 .68 73 .79 .85 92 .99
20 .53 .57 .62 .67 72 .78 .84 91 .98 1.06
24 .58 .63 .68 .73 .79 .85 92 .99 1.07 1.16
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STANDARD THICKNESS SELECTION TABLE
FOR DUCTILE CAST IRON PIPE
Laying Conditions
A—TFlatbottom trench, untamped backfill B—Flatbottom trench, tamped backfill
S—Special bedding and backfill as specified in ANSI A21.50 (AWWA C150)

LAYING CONDITIONS A AND B
ANS! A21.51 (AWWA C151} TABLE 51.2 (Modified To Show Thickness Class)

Rated Depth of Cover in Feet

Tt | conditien | Prosumer |2 [ 3] 5 [ 8 ] 121 16 |

psi Thickness Class**
Aor B 350
AorB 350
AorB 350
AorB 350
Aor B 350
A 350
B 350
A 350
B 350

AorB 350
300
350
300
350
250
300
350
250
300
350
250
300
350
250
300
350
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14
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18
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20
20
20
20
20
24
24
24
24
24
24

W W B | W e | |

LAYING CONDITION §
ANS! A21.50 (AWWA C150) Tabie 11
The classes listed below for Laying Condition ““S” apply only to ductile iron pipe for water
when laying conditions meet the bedding and backfill requirements of Section 50-6 of ANSI A21.50
(AWWA C150). Consult the specification before use.

Si Lavi “;la.iqd Depth of Cover in Feet

ize aying orking

In. Condition Pressure® 16 | 20 | 24 | 28 | 32 | 36 |40 | 44| 48| 52 | 56 | 60

psi Thickness Class**

14 S 350 1 1 1 1 1 1 1 2 3] 3 4 | 4
16 S 350 1 1 1 1 1 1 2 3 4 4 5 6
18 S 300 1 1 1 1 1 2 (3144 |56 7
18 S 350 2 2 (21212123 4 | 4 516 7
20 S 250 1 1 1 1 2 (3 4 | 4 51| 6 7 8
20 S 300 21212212344 |5 |6 ,;7/|8
20 S 350 313 [3(3}|3 |34 |4 |5 |617]|8
24 S 250 1 1 (234|556 ]|7]|8]9]10
24 S 300 3/3 (33 |4|[5]|5 678|910
24 S 350 4 14414415 56 7 8 19 |10

* For working pressures less than those listed above, use the minimum class listed in the table

for the required depth of cover. . . . )
** The classes listed above equal or exceed the thickness required to withstand rated working

pressure (plus a surge allowance of 100 psi) and trench load (including truck superload) for the

indicated depths of cover. : .
See page 15 for the nominal wall thicknesses of Classes 1 thru 6 and Table 11 in ANSI A21.50

(AWWA C150) for Classes 7 thru 10.
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CAST IRON PIPE DEFLECTION DATA

USEFUL TABLES

The tables below provide data for determining the amount of deflection permitted in varying
distances for a given pipe line. When it is known what degree of deflection is applicable to the di-
ameter and joint type of pipe, the. table permits reading off the deflection measurement in feet,
and readily establishes whether or not the pipeline requires fittings to pass around obstructions or

to conform to required layout.

Example

Assume an 8" Mechanical Joint pipe line
must be offset 15 feet in a distance of 100 feet.
The question arises whether this offset can be
accomplished by deflecting the pipeline, or
whether fittings are required.

First, from Table I, determine maximum de-
flection in degrees that is permissible for 8"
Mechanical Joint pipe, which is 5° - 21’. Choose
the whole number of degrees below the mazimum,
which for this pipe is 5 degrees.

If the pipe line is to be brought back parallel
to its original position, one half of the offset is

required in one half of the distance, or 715 feet
in 50 feet. Referring to the 5 degree column of
Table II, it is indicated that the pipe line can
be deflected 9.35 feet in 54 feet. Hence the re-
quired offset can be made by deflecting the
pipe joint, without the use of fittings.

On the other hand, if the pipe line is to be
merely deflected, instead of offset, it can be
determined from Table II that with 5 degrees
deflection, the line can be deflected 32.12 feet
in a distance of 108 feet, satisfying the
requirement.

TABLE |
Maximum Deflection of Cast Iron Pipe*

Type of Pipe Size in Inches
Pipe
Joint 3 4 6 8 10 12 14 16 18 20 24
Super o o o o o ] o ° o o o
Bell-Tite 5 5 5 5 5 5 3 3 3 3 3
Me‘(lzf)lianrilcal 8°-18’ | 8°-18’ 7°-7' | 5°-21' | 5°-21* 5°21’ | 3°.35’ | 3°-35’ 3e.0/ 3°-0’ 20.93’
Lﬁ)l}ed 3° 2045/ 2° | 1°-30/ 1°-15’ 1° 0°-45' | 0°-45’ | 0°-30’ | 0°-30’ 0°-30’
Super— o o ° o o o o o o
Lock 4 4 4 4 3 3 3 3 3
River o o o o o o o o o
Crossing 15 15 15 15 15 15 15 15 15

* Sound engineering dictates that to accommodate unknown field conditions, the ‘‘design”
deflection of any joint be limited to 80 per cent of the maximum value shown in the table above.

Also see detailed data on pages 36, 55, and 86.

TABLE |l
Total Deflection of Pipe in Feet for Different Angles
of Deflection and Number of Lengths of Pipe

Total Length | Number of Degrees of Deflection Per Joint
of Pipe Lengths
in Feet of Pipe 1° 2° 3° 4° 5° 6° 12° 15°
18 1 .31 .63 94 | 1.26 | 157 188 | 3.74 | 4.66
36 2 94 | 1.88) 2.8 | 376 | 469 | 562 | 11.06 | 13.66
54 3 1.88 [ 3.77 | 564 | 750 9.35 | 11.19 | 21.64 | 26.39
72 4 3.14 | 627 9.38 | 12.47 | 1551 | 18.51 | 35.02 | 41.97
90 5 471 | 9.40 | 14.04 | 18.62 | 23.12 | 27.51 | 50.61 | 59.36
108 6 6.59 | 13.14 [ 19.60 | 25.94 | 32.12 | 38.09 | 67.73 | ....
126 7 8.79 | 17.49 | 26.05 | 34.39 | 42.44 | 50.13 | 85.63
144 8 11.29 | 22.45 | 33.37 | 43.93 | 54.01 | 63.51 | ....
162 9 14.11 | 28.02 | 41.54 | 54.51 | 66.74 | 78.07
180 10 17.23 | 34.17 | 50.54 | 66.08 | 80.53 | 93.66
Approx. Radius in feet
of curve produced by a 1034 | 514 343 258 206 172 86 68
succession of joints
Approx. number of 18 foot
lengths of pipe required 90 45 30 23 18 15 8 6
to make a 90 degree bend
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RESTRAINING THRUSTS

General Information

The information below and on page 227 is
provided to assist you in designing a restrained
joint system subject to thrusts.

Thrust forces in water mains are created
when the pipeline changes directions (at bends
and tees), stops (at dead ends) or changes in
size (at reducers). In order to keep the pipe-
line intact, there are several methods of re-
straint available—involving concrete thrust
blocks, steel tie rods or restrained joint pipe.
Both thrust blocks and tie rods present prob-
lems to both the designer and the installer.

Concrete, when used for thrust blocks, must
be of good quality with a compressive strength
at 28 days of at least 2,000 pounds. Care must
be taken to assure that the joint itself will be
accessible and it is imperative that the block
is constructed so that the force is transmitted
to undisturbed soil.

Tie rods and clamps have virtually no “one
best way’ of installation. There exist a wide
variety of possible types. Most tie rod systems
have one thing in common—they are made of
steel. If tie rods are used, it is essential that all
steel material be coated with a.suitable, per-
manent rust inhibitor to prevent rusting and
subsequent deterioration.

Rapidly replacing these two old-fashioned
methods for restraining thrusts is the Clow
Super-Lock restrained joint system described
on pages 86-88.

Super-Lock is a boltless push-on restrained
joint of advanced design that combines the
%ast, easy installation of Super Bell-Tite push-
on pipe and fittings with a simple, positive
locking system which prevents joint separation.
The design provides for joint deflection after
assembly and for easy disassembly should the
need arise. .

Thrust at Fittings at 100 PS|
Water Pressure

Total Pounds

Nom.

Pipe Dead 90° 45° [2218°| 11Y4°

Dia.In.| End | Bend | Bend | Bend | Bend
4 1,810 2,559 1,385 706 355
6 3,739f 5,288| 2,862 1,459 733
8 6,433 9,097/ 4,923| 2.510 1,261
10 9,677| 13,685 7,406 3,776/ 1,897
12 13,685| 19,353 10,474| 5,340 2,683
14 18,385 26,001| 14,072| 7,174| 3,604
16 23,779| 33,628| 18,199 9,278| 4,661
18 29,865 42,235) 22,858|11,653| 5,855
20 36,644/ 51,822/ 28,046(14,298! 7,183
24 52,279| 73,934| 40,013!20,398(10,249

NOTE: To determine thrust at pressures
other than 100 psi, multiply the thrust obtained
in the table by the ratio of the pressure to 100.

For example, the thrust on a 12 inch, 90°bend

at 125 psi is 19,353 X % = 24,191 pounds.

Restrained Joint Design Data

This design applies to soil mechanics in
volved in resolving the applied thrust forces
(PA) resisted by the combination of lateral
and friction forces on the restrained section of
pipe. The lateral soil resistance Fy is a func-
tion of the length to be restrained L and the
horizontal force Fy due to the passive soil
pressure P;,. Taking the free body diagram and
solving for L results in the equation (1). The
frictional resistance f,, resisting axial move-~
ment, is a function of the normal force W,
pipe friction § and pipe-to-soil cohesion C. De-
sign based on a constant diameter bend and
static forces.

The following formulas, tables and examples
give the designer sufficient information to de-
sign a ductile iron pipe restrained joint system.
Space does not permit a detailed discussion of
the derivation of formulas and tables.

Formulas:
) L= KPA = 2)K=4Tangp,2
KF, 4+ DP, (Calculation Coefficient)
S = safety factor P = design pressure

. (psi)
© = pipe bend (degrees) D = Q.D. of
pipe (ft)
3) F, = ApC + WTans frictional resistance
(Ib/1f)

4) Pp = wHaN; 4 2C, v N,
5) Ny = Tan? (450 4 ¢)
6) W, = RW+HD

2

ki

A= 5 d = O.D. pipe (in) © = pipe

ratio

bend (degrees) )
Ap = area of pipe surface ft2/1f

7) C= foCs (PSf)

8) & = f4¢ (degrees)
w= soilfwt. (Ib) H, = soil depth pipe ¢
(ft)
C. = soil cohesion (Ib/ft?) ¢ = internal
soil friction angle (degrees) .
H = depth of cover (ft) R = reduction
factor
f, = ratio (pipe cohesion /soil cohesion)'
f; = ratio (pipe friction angle/soil friction
angle)
TABLE I
(Equation 8)

- fe Reduction
Existing Condition Factor, R
1. General construction—Back- 24

fill soils compacted to criti-

cal void ratio
2. Well-compacted backfill and L7

select backfill
3. Shallow cover—depth of v

cover less than 14 of the
outside diameter.

Design data continued on next, page
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FLOW OF WATER IN CAST IRON PIPE

The flow of water in cast iron pipe is governed
by many factors, chief among them being
smoothness of the interior, the ability to stay
smooth and the actual inside diameter. A
reduction of flow in a pipe line can occur after
a line is installed for any of the reasons
discussed below.

All of these difficulties can be taken care of
by proper construction practices, proper design
and proper operation. The following comments
on these factors are reprinted from the Hand-
book of Cast Iron Pipe, published by the
Cast Iron Pipe Research Association.

Sedimentation

Transmission mains that carry raw water
from rivers or lakes are subject to heavy de-
posits of silt and sand whenever the rivers are
at flood stage, or the lakes turbulent. Many of
the older distribution systems were supplied
with raw water for years before the construc-
tion of treatment plants. During the low con-
sumption periods at night, these waters settled
out a layer of mud along the bottom of the pipe.
Sand may enter the raw water lines at most any
time and it mayv enter the distribution lines
whenever the filters become defective or when
the beds are abused by inexpert operation. If
sedimentation has occurred, the remedy is
either to flush the mains or when this is not
effective, to carry on a pipe cleaning operation.

Obstructions in Pipe

Modern pipe ‘laying specifications require
that each length of pipe be cleaned out before
installation in the line. They also require that
the end of the pipe be closed with a plug after
each day’s work. In spite of these provisions it
is a fact that at times stones thrown into the
pipe by children, or pieces of wood, tools, boots,
and other things placed in the last pipe by
workmen, who expect to remove them before
the work continues, are sometimes left in the
pipe. Good laying practice should eliminate this
difficulty.

Partly Closed Valves

In the ordinary operation of a water works
system, it becomes necessary from time to time
to close valves to carry on maintenance and ex-
tension work and in many of the systems, valves
are throttled for pressure control purposes. Care
should be taken to the end that closed valves
be opened after the construction work is com-
pleted and the location of throttle valves
properly recorded so that in the event that
future operation requires a full opening, these
valves may be opened. The opening and closing
of valves 1s an 1mportant part of distribution
system operation and records should be kept in
such a fashion that no valves are accidentally
left closed or partly closed.

Accumulation of Air at Summits

In supply lines in hilly country, there is
occasionally an opportunity for air to accumu-
late at a summit to the point where the water
occupies only a portion of the total area of the
pipe. In extreme cases, water may even be shut
off completely by the accumulation of air. The
remedy for this difficulty is to provide air valves
at summits in installations of this nature.

Tuberculation

In certain parts of the United States, un-
coated or unlined cast iron water mains may
develop a nodular growth on the interior of the
pipe. These growths are called tubercules and
their accumulation will materially affect the
capacity of the pipe line. These growths can
only occur where the water comes in contact
with the metal of the pipe and the remedy for
the difficulty is the use of cement linings wher-
ever “active’” waters are to be transported.

Slime Growths

Some water supplies are troubled with or-
ganic growths in the mains. Many of the
growths may be due to the use of surface water
containing microscopic organisms. Some of
these may cause tastes and odors, and others,
while having little effect on the quality of the
water, cling to the walls of the pipe reducing
the rate of flow in the line. These growths may
be removed by the use of chlorine, a combina-
tion of chlorine and ammonia, or copper sulfate.
The nature of the treatment depends on each
individual case and the application of chemicals
should usually be started by the use of small
dosages with gradual increase until the re-
quired effect results. A sudden change in chem-
ical dosage is liable to cause complaints of
tastes or odors.

Mineral Deposits

In rare cases, waters are highly mineralized.
These minerals are picked up from the rock
formations through which the water seeps in its
underground passage. Some waters are super-
saturated and the minerals only loosely held in
solution. A small amount of air mixed with
water in the pumping operation may cause the
mineral to deposit out, or the water may change
temperature and in this manner cause precipi-
tation. Natural lime waters usually form a
hard, smooth deposit on the entire wall of the
pipe and do not increase the friction loss to an
appreciable extent until the diameter of the
pipe is materially reduced. Mineral deposits
in mains are difficult to remove, usually requir-
ing special cleaning tools. Lime deposits that
result from softening and filtration processes
are sometimes carried out into the mains. As a
rule, these deposits are relatively soft and may
be removed by ordinary pipe cleaning opera-
tions.

(Continued on next page)
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> FLOW OF WATER IN CAST IRON PIPE

Almost all gray and duectile cast iron pipe
for water transmission and distribution are
cement-mortar-lined in accordance with ANSI
Standard A21.4 (AWWA C104) or Federal
specifications WW-P-421c.

The flow of water through this pipe is
usually computed by the widely used Williams-
Hazen formula:

Q = 0.006756 X CDzsHH

Where:

Q = discharge in gallons per minute
C = Williams-Hazen flow coefficient
D = actual inside diameter

H = head loss in feet per 1,000 feet

I

The flow coefficient “C” (or C factor) in the
Williams-Hazen formula is in effect a measure
of the condition of the pipe interior and is
sometimes known as a friction coefficient. Tests
employing this formula show that cement-
mortar-lined gray or ductile cast iron pipe has
a C factor of 140. Unlined pipe exposed to
aggressive waters will suffer loss in C factor
due to tuberculation.

Both gray and ductile cast iron pipe have
flow advantages resulting from their greater
than nominal internal diameters. For example,
Class 2, 12-inch unlined ductile iron pipe has
an inside diameter of 12.46 inches. Standard
cement-lined pipe of this same class has an
inside diameter of 12.34 inches.

Tables on pages 230-231 are based on a
Williams-Hazen C factor of 140 and are com-
puted for actual inside diameters of Class 1
and 2 cement-mortar-lined ductile iron pipe.

The nomogram on page 232 may be used to
determine discharge or loss of head for any
assumed C factor.

EXAMPLES FOR USE OF NOMOGRAM
Example 1—Maximum Delivery

To find the maximum delivery of an 8-inch,
Class 2, cement-mortar-lined ductile iron pipe,
7,500 feet in length under 150 feet of head.
The loss of head per 1,000 feet is ?30 = 20 feet
per 1,000 feet. By use of the nomogram on
page 232, the result is 1,200 gallons per

minute or 1.73 million gallons per day. (20.00
ft. loss per 1,000 ft. and 8-inch diameter pipe)

Example 2—Determination of Diameter

To find the diameter of pipe necessary to
deliver 3,000,000 gallons per day through a
pipeline 25,000 feet long under 150 feet of head.
The loss of head per 1,000 feet is %Q = 6 feet
per 1,000 feet. By use of the nomogram on
page 232, the result is 12-inch, Class 2, cement-
mortar-lined ductile iron pipe. (6.00 ft. loss per
1,000 ft. and 3,000,000 + 1440 minutes per
day = 2,083 gals. per min.)

Example 3—Friction Loss

To find the loss of head through a 10-inch,
Class 2, cement-mortar-lined duectile iron pipe-
line 4,000 feet long, delivering 1,400,000 gallons
per day, using a C factor of 140. By use of the
nomogram on page 232, the head loss is 4 feet
per 1,000 feet, or 16 feet for the pipeline. (10-
inch diameter pipe and 1,400,000 + 1440 min-
utes per day = 972 gallons per min.) If water
is delivered at a point 100 feet above the pump,
total head against the pump is 100 feet (static)
plus 16 feet (friction), or a total of 116 feet.

Example 4—Delivery Determined from
Pressure Reduction

Two accurate pressure gauges should be
placed at a known distance apart and measure-
ment of the difference in elevation recorded.
If on a 12-inch pipeline the pressure gauges
are 500 feet apart and show a difference in
pressure of 2 psi (4.6 feet of head) 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
1,000 feet, depending on whether the down-
stream gauge is higher or lower than gauge
nearest the pump. Assuming that the down-
stream gauge is at the higher elevation, head
loss due to friction is 5.6 feet per 1,000 feet.
By use of the nomogram on page 232, the re-
sult is 1,900 gallons per minute, or 2.74 million
gallons per day. (12-inch diameter pipe and
5.60 ft. loss per 1,000 ft.)
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FLOW OF WATER IN DUCTILE IRON PIPE

WILLIAMS—HAZEN C=140
Loss of Head per 1,000 feet for diameters
of class 2 ductile iron, standard cement mortar lined pipe*

Flow in 4” Pipe . 6" Pipe 8” Pipe 10” Pipe 12" Pipe
Gallons per| Vel. [Loss of] Vel. |Loss of| Vel. [Loss of Vel. |Loss of| Vel. [Loss of
24 Hours | in ft. | Head | in ft. | Head | in ft. Head | in ft. | Head | in ft. Head

- per Sec.] in ft. |per Sec.| in ft. |per Sec.| in ft. |per Sec.| in ft. |per Sec.| in ft.
20,000 0.34 0.15
30,000 | . 0.51 0.32
40,000 0.68 0.55
50,000 0.85 0.82 0.37 0.11
60,000 1.02 1.16 0.45 0.16
70,000 1.18 1.54 0.52 0.21
80,000 1.35 1.97 0.60 0.27
90,000 1.52 245 0.67 0.34
100,000 1.69 2.97 0.75 0.41
110,000 1.86 .3.55 0.82 0.49
120,000 2,03 4.17 0.90 0.57
140,000 2.37 5.55 1.05 0.76
160,000 271 7.11 1.20 0.98
180,000 3.05 |- 8.83 1.35 1.21
200,000 3.38 | 10.74 1.50 1.48 0.83 0.35
220,000 3.72 | 12.81 1.65 1.76 0.91 0.42
240,000 | 4.06 | 15.05 1.80 2.07 1.00 0.49
260,000 440 | 17.45 1.95 240 1.08 0.57
280,000 4.74 | 20.02 2.10 2.75 1.16 0.65
300,000 5.08 | 22.75 2.25 3.13 1.25 0.74 0.81 0.26 0.56 0.11
320,000 1.33 0.84 0.86 0.29
340,000 1.41 0.94 0.91 0.32
360,000 1.50 1.04 0.97 0.36
380,000 1.58 1.15 1.02 0.40
400,000 | 6.77 | 38.76 3.00 5.33 1.66 1.27 1.07 0.44 0.75 0.18
450,000 1.87 1.58 1.21 0.55
500,000 | 8.46 58.59 3.74 8.05 2.08 1.92 134 0.66 0.93 0.27
550 000 2,28 2.29 1.48 0.79
600,000 449 | 11.29 2.49 2.69 161 0.93 1.12 0.38
650,000 2.70 3.11 1.75 1.08
700,000 5.24 | 15.02 2.91 3.57 1.88 1.24 1.31 0.51
750,000 3.11 4.06 2,02 141
800,000 599 | 19.23 3.32 4.58 2,15 1.58 1.49 0.65
900,000 6.74 | 2391 3.74 5.69 242 1.97 1.68 0.81
1,000,000 7.49 | 29.06 4.15 | 692 | 269 2.40 1.86 0.98
1,100,000 4.57 8.25 2,96 2.86 2.05 1.19
1,200,000 4.98 9.69 3.22 3.36 2.24 1.38
1,300,000 540 | 11.25 3.49 3.89 242 1.60
1,400,000 5.81 | 12.90 3.76 447 2,61 1.83
1,500,000 6.23 | 14.65 4.03 5.08 2.80 2.08
1,600,000 6.64 | 16.51 430 5.72 2.98 2.35
1,700,000 3.17 2.63
1,800,000 7.48 | 20.54 4.84 7.11 3.36 2.92
1 900 ,000 3.54 3.23
2,000 000 8.31 | 24.97 5.37 8.65 3.73 3.55
2,200,000 4.10 4.24
2,400,000 9.97 | 34.99 6.45 [ 12.12 447 4.98
2,600,000 4.85 5.78
2,800,000 5.22 6.62
3,000,000 8.06 | 18.32 5.59 7.53
3,500,000 6.53 | 10.01
4,000 1000 7.46 | 12.82
4, »500, ,000 839 | 15.94
5 000 000 9.32 | 19.38
5, 500,000 10.25 | 23.13
6,000,000 1119 | 27.17
7,000,000 13.05 | 36.14

* For other inside diameter of pipe, see note on page 231.
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FLOW OF WATER IN DUCTILE IRON PIPE

WILLIAMS—HAZEN C=140
Loss of Head per 1,000 feet for diameters

of class 1 ductile iron, standard cement mortar lined pipe

iFlow in 14" Pipe 16” Pipe 18” Pipe 20" Pipe 24" Pipe
Ghllons per Vel. |Loss off Vel. |Loss of] Vel. |Loss of{ Vel. |Loss off Vel. |Loss of
24 Hours | in ft. | Head | in ft. | Head | in ft. | Head | in ft. | Head in ft. | Head
per Sec.| in ft. |per Sec.| in ft. |per Sec) in ft. |per Sec| in ft. [per Sec| in ft.
300,000 041 0.050
400,000 0.55 0.085 | 0.42 0.044 | 0.33 0.025
500,000 | 0.68 0.129
600,000 | 0.82 0.180 | 0.63 |.0.093 | 0.49 0.052| 040 0.031
700,000 { 0.96 0.240 -
800,000 1.10 | 0.307 | 0.84 0.159 | 0.66 0.089| 053 0.053
900,000 1.23 0.382
1,000,000 1.37 0464 | 1.05 0241 | 0.82 0.1351 0.67 0.080| 0.46 0.033
1,100,000 1.51 0.55
1,200,000 1.64 0.65 1.25 0.337 | 099 0.189| 0.80 0.113| 0.55 0.046
1,300,000 1.78 0.75
1,400,000 1.92 0.87 1.46 0.448 [ 1.15 0.251| 0.93 0.150] 0.65 0.061
1,500,000 | 2.05 098
1,600,000 | 2.19 1.11 1.67 0.57 1.32 0.322| 1.07 0.192} 0.74 0.078
1,700,000 | 2.33 1.24
1,800,000 | 2.47 1.38 1.88 0.71 1.48 0400| 1.20 0.239( 0.83 | 0.098
1,900,000 | 2.60 1.52
2,000,000 2.74 1.68 2.09 0.87 1.65 0.486| 133 0.290| 0.92 | 0.119
2,200,000 | 3.01 2.00 2,30 1.04 1.81 0.58
2,400,000 | 3.29 2.35 2.51 1.22 1.98 0.68
2,500,000 1.67 0.438( 115 0.179
2,600,000 3.56 2.72 2.72 141 2.14 0.79
2,800,000 3.83 3.12 2.93 1.62 2.31 091
3,000,000 | 4.11 3.55 3,14 1.84 247 1.03 2.00 0.61 1.38 | 0.251
3,500,000 [ 4.79 4.72 3.66 245 2.88 1.37 2,33 0.82 1.62 | 0.334
4,000,000 | 5.48 6.05 4,18 3.13 3.30 1.76 2,67 1.05 1.85 0.428
4,800,000 6.16 7.52 4.70 3.90 3.71 2.18 3.00 1.30 2.08 | 0.53
5,000,000 | 6.85 9.14 5.23 4.74 4.12 2.65 3.33 1.58 231 0.65
5,500,000 | 7.53 [10.91 5.75 5.65 4,53 3.17 3.67 1.89 254 | 0.77
6,000,000 8.22 [12.81 6.27 6.64 4.94 3.72 4.00 2.22 2.77 0.91
6,500,000 6.80 770 5.36 4.32 433 2.57 3.00 1.05
7,000,000 | 9.59 (17.05 7.32 8.83 5.77 4,95 4,66 2.95 3.23 1.21
7,500,000 7.84 ]10.04 6.18 5.62 4.99 3.34 3.46 1.37
8,000,000 8.36 |11.31 6.59 6.34 5.33 3,78 3.69 1.54
_8,500,000 8.89 [12.66 7.01 7.09 5.66 4.23 3.92 173
9,000,000 941 [14.07 7.42 7.89 6.00 4,70 415 1.92
9,500,000 9.93 |15.55 7.83 8.71 6.33 5.19 438 | 2.12
10,000,000 10.45 [17.10 8.24 9.59 6.64 5.71 4,62 | 2.33
11,000,000 11.50 ]20.40 9.07 |11.43 7.33 6.82 5.08 | 2.79
12,000,000 12.55 |23.97 9.89 |13.43 8.00 8.00 5.54 3.27
13,000,000 8.66 9.28 6.00 | 3.79
14,000,000 9.33 | 10.65 646 | 4.35
15,000,000 10.00 | 12.10 6.92 | 4.95
16,000,000 10.66 | 13.64 7.38 | 5.57
Note

The tables above and on page 230 are based on actual inside diameter of ductile iron pipe
in the classes indicated. To calculate the exact flow, for other inside diameters, the figures in the
tables must be modified by the ratio of nominal to actual diameter to the 2.63 power, since,
as explained on page 229, the

Quantity of Flow is proportional to
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The above nomograph is based on the Williams-Hazen flow formula and shows relationships
between flow coefficient, head loss, internal pipe diameter and discharge rate. If any three of
these factors are known, the fourth may be determined by locating a point on the pivot line,
which point lies on a common line with two of the known factors. Once the pivot point is estab-
lished, the unknown factor will lie on a straight line between the pivot point and the third known
factor. Arrows (¢-) on the inside diameter line represent actual inside diameter of cement-mortar-
lined duectile iron pipe Class 2, three inches through 12 inches, and Class 1, 14 inches and larger.
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EQUATION OF PIPE

{Based on Nominal Pipe Inside Diameters)
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Capacities in Cubic Feet and in United States Gallons {231 Cubic Inches)

CONTENTS OF PIPE

Per Foot Length

For 1 Foot Length For 1 Foot Length
Diameter | Diameter | Cubic Feet, | U.S. Gals. | Diameter | Diameter |'Cubic Feet. | U.S. Gals
Inches Feet Also Area (231 Inches Feet Also Area (231
in 8q. Feet | Cu. In.) in Sq. Feet | Cu. In.)
A .0208 .0003 .0026 11.25 9375 .6 903 5.163
Stg .0260 .0005 0040 11.50 L9583 7213 5.395
54 .0313 .0008 .0057 11.75 9792 7530 5.633
The .0365 .0010 .0078 12.00 1.000 .7854 5.876
Y 0417 .0014 .0102 12.50 1.042 .8523 6.375
0 .0469 .0017 0129 13.00 1.083 9218 6.895
5 .0521 .0021 0159 13.50 1.125 .9940 7.435
114 .0573 .0026 .0193 14.00 1.167 1.069 7.997
L7 .0625 .0031 .0230 14.50 1.208 1.147 8.578
1346 0677 .0036 .0270 15.00 1.250 1.227 9.180
43 0729 .0042 0312 15.50 1.292 1.310 9.801
184g .0781 .0048 .0359 16.00 1.333 1.396 10.44
1.00 .0833 0055 .0408 16.50 1.375 1.485 11.11
1.25 .1042 .0085 .0638 17.00 1.417 1.576 11.79
1.50 1250 0123 .0918 17.50 1.458 1.670 12.50
1.75 .1458 .0168 .1250 18.00 1.500 1.767 13.22
2.00 .1667 0218 1632 18.50 1.542 1.867 13.97
2.25 .1875 0276 2066 19.00 1.583 1.969 14.73
2.50 .2083 0341 2550 19.50 1.625 2.074 15.52
2.75 2292 .0413 3085 20.00 1.666 2.182 16.32
3.00 2500 0491 3673 20.50 . 1.708 2.292 17.15
3.25 .2708 .0576 4310 21.00 1.750 2.405 17.99
3.50 2917 .0668 4998 21.50 1.792 2.521 18.86
3.75 3125 0767 5738 22.00 1.833 2.640 19.75
4.00 3333 .0873 .6528 22.50 1.875 2.761 20.65
4.25 3542 .0985 .7370 23.00 1.917 2.885 21.58
4.50 .3750 .1105 .8263 23.50 1.958 3.012 22.53
4.75 .3958 1231 .9205 24.00 2.000 3.142 23.50
5.00 4167 .1364 1.020 25.00 2.083 3.409 25.50
5.25 4375 .1503 1.124 26.00 2.166 3.687 27.58
5.50 .4583 .1650 1.234 27.00 2.250 3.976 29.74
5.75 4792 .1803 1.349 28.00 2.333 4.276 31.99
6.00 .5000 .1963 1.469 29.00 2.416 4.587 34.31
6.25 5208 .2130 1.594 30.00 2.500 4.909 36.72
6.50 5417 2305 1.724 31.00 2.583 5.241 39.21
6.75 .5625 .2485 1.859 32.00 2.666 5.585 41.78
7.00 .5833 2673 1.999 33.00 2.750 5.940 44.43
7.25 .6042 .2868 2.144 34.00 2.833 6.305 47.17
7.50 .6250 .3068 2.295 35.00 2.916 6.681 49.98
7.75 .6458 3275 2.450 36.00 3.000 7.069 52.88
8.00 6667 .3490 2.611 37.00 3.083 7.468 55.86
8.25 6875 3713 2.777 38.00 3.166 7.876 58.92
8.50 .7083 3940 2.948 39.00 3.250 8.296 62.06
8.75 7292 4175 3.125 40.00 3.333 8.728 65.29
9.00 .7500 4418 3.305 41.00 3.416 9.168 68.58
9.25 7708 .4668 3.492 42.00 3.500 9.620 71.96
9.50 7917 4923 3.682 43.00 3.583 10.084 75.43
9.75 8125 .5185 3.879 44.00 3.666 10.560 79.00
10.00 .8333 5455 4.081 45.00 3.750 11.044 82.62
10.25 8542 5730 4.286 46.00 3.833 11.540 86.32
10.50 8750 6013 4.498 47.00 3.916 12.048 90.12
10.75 .8958 .6303 4.714 48.00 4.000 12.566 94.02
11.00 9167 .6600 4937 | ..... el T

1 Cubic foot of water weighs 62.35 pounds; 1 gallon (U. S.) weighs 8.335 pounds.
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CONVERSION FACTORS

. Unless designated otherwise, the English
measures of capacity are those used in the

nited States, and the units of weight and
mass are avoirdupois units.

The word gallon, used in any conversion
factor, designates the U.S. gallon. To convert
into the Imperial gallon, multiply the U. 8.
gallon by 0.83267. Likewise, the word ton
designates a short ton, 2,000 pounds.

The figures 10-, 10-2, 10-3, etc. denote 0.1,
0.01, 0.001, etc. respectively.

The figures 107, 102, 103, ete. denote 10, 100,
1009, etc. respectively. .

In the conversion factors given below using
the properties of water, calculations are based
on water at 39.2° F. in vacuum, weighing 62.427
pounds per cubic foot, or 8.345 pounds per
U. 8. gallon. Water freezes at 32° F., and is at
its maximum density at 39.2° F.

“Parts Per Million,” designated as P.P.M.,,
is always by weight. As used in the Sanitary
field, P.P.M. represents the number of pounds
of dry solids contained in one million pounds
of water, including solids. In this field, one
part per million may be expressed ags 8.345
pounds of dry solids to one million U. 8.
gallons of water.

MULTIPLY BY TO OBTAIN
Acres.............. 43 560 ..... Square feet
B . 047 Square meters
Acre-feet........... 43560..... Cubic feet
TP 325,851. . ..Gallons
T 1233.49. . .. Cubic meters
Atmospheres........ 760....... Cms. of mercury
g 2992...... Inches of mercury
L 3390...... Feet of water
P 14.70...... Lbs./sq. inch
Barrels-cement. ... .. 376........ Pounds-cement

Bags or sacks-cement 94.........
Br|t|sh thermal umts 02520 .....

Pounds-cement
Kilogram-calories

7715...... Foot-|bs.
“ " * 3.927x10-¢..Horse-power-hrs.
o " *1075.. ... Kilogram-meters
“ " “ 2.928x10-4. . Kilowatt-hrs.
B t.u /min.......... 129...... Foot-1bs./sec.
TP 0.02356. . .. Horse-power
O 0.01757. ... Kilowatts
Centlmeters ......... 0.3937..... Inches
......... 0.01.......Meters
Y 10......... Millimeters
Centimtrs of mercury 0.01316. . .. Atmospheres
" 0.4461...... Feet of water
“ “ “2185...... Lbs./sq. ft.
" “ 01934, .... Lbs./sq. inch
Centimeters/second.. 1.969. ... .. Feet/min.
/ . 0.03281. . ..Feet/sec.
“ /" 06 Meters/min.
“ / " ..0.02237... Miles/hr.
“ / .. 3.728x10-4. . Miles/min.
Cubic centimeters . . . 3.531x10-8. .Cubic feet
" .. 6.102x10-2. . Cubic inches
" “ 108 L. Cubic meters
“ " . 2.642x10-4. .Gallons
! “ L1080 Liters
" " ... 2.113x10-2.. Pints (lig.)
" “ .. 1.057x10-8, .Quarts (liq.)

Courtesy Dorr Company, Inc.

MULTIPLY BY TO OBTAIN
Cublc feet .......... 2 832x10‘ .Cubic cms,
................. Cubic inches
oM 0.02832. :..Cubic meters
T 0.03704. . . . Cubic yards
‘o 7.48052. . . .Gallons
TP 2832...... Liters
T 5984...... Pints (lig.)
v 2992...... Quarts (liq.)
Cubic feet/minute. .. 472.0.... .. Cubic cms. /sec.
woou “,..01247. ... Gallons/sec.
Y 04720..... Liters/sec.
wowyou 6243...... Pounds of water/min.
Cubic feet/second. .. 0.646317. . .Million gals./day
“oow o 448.831. .. Gallons/min.
Cubic inches......... 16.39...... Cubic centimeters
TP 5.787x10-4. . Cubic feet
“ P 1.639x10-5. .Cubic meters
“ Y 2.143x10-5. . Cubic yards
“ U 4.329x10-8, . Galfons
“ Y. 1.639x10-2, . Liters
“ TP 0.03463. . . . Pints (liq.)
“ U, 0.01732. . ..Quarts (lig.)
Cubic meters........ 108........ Cubic centimeters
........ 35.31......Cubic feet
“ T 61.023..... Cubic inches
“ O 1308...... Cubic yards
" R 264.2...... Gallons
Cubic meters........ 108........ Liters
T 213....... Pints (liq.)
“ Y 1057....... Quarts (liq.)
Cublc yards ........ 7 646x10° .Cubic centimeters
................. Cubic feet
“ TP 46,656 ..... Cubic inches
" “o 0 7646. . ... Cubic meters
“ ‘o 202.0...... Gallons
“ ‘o 764.6...... Liters
“ ‘. 1616....... Pints (liq.)
“ . 807.9...... Quarts (lig).
Drams.............. 27.34375. . .Grains
e 0625. . ... Ounces
.............. 1.771845. . .Grams
Continued on the next page
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Continued from preceding page

MULTIPLY BY TO OBTAIN MULTIPLY BY TO OBTAIN
Fathoms............ Boivevnnnns Feet Grams........o..... 980.7...... Dynes
A 1543, ..... Grains
Feet.....coocvnntn. 3048...... Centimeters e 0.03527....Ounces
e 0.3048..... Meters
Grams/liter. ........ 58417..... Grains/gal.
Feet of water ........ 0.02950. . .. Atmospheres S AT 8345...... Pounds/lOOO gals.
.....0.8826..... Inches of mercury A 1000....... Parts/million
o 3048...... Kgs./sq. meter
o 6243...... Lbs./sq. ft. Hectares............ 2471...... Acres
oM 0.4335..... Lbs./sq. inch
Horse-power........ 42.44. . ... B.t units/min,
Feet/mln ........... 0.01667. . ..Feet/sec. “ oo 33,000...... Foot-Ibs./min.
........... 0.01829.... Kilometersjhr. u “ . ......550........Foot-lbs./sec.
L AU 0.3048..... Meters/min. “ wo 0.7457. .. .. Kilowatts
R AP 0.01136. . ..Miles/hr, u “o 745.7...... Watts
Feet/sec............ 3048...... Centimeters/sec. . i
: /:: ......... 1829 Meters/min, Horse-power (boiler). 33,479.....B.tu./hr,
PRI 0.6818..... Miles/hr. Inches........c..... 2540...... Centimeters
Foot pounds ........ 1.286x10 1..Br|tlstl thernjal units Inches of mercury ... 0.03342. ... Atmospheres
........ 5.050x10-7. . Horse-power-hrs. W n
“ u s Ki ) ; L L1330l Feet of water
........ 3.241x10-4. . Kilogram-calories w w4 u
“ “ -~ L 7073, Lbs./sq. ft.
........ 0.1383. ... .Kilogram-meters w o ow u 0.4917 (b inch
oo T 3.766x10-7.  Kilowatt-hrs. - 08912 /50 inc
Foot-pounds/min. .. 1.286x10-8. .B.t. units/min. Inches of water...... 0.002458. . . Atmospheres
P é ... 0.01667. ..Foot-poun/ds/sec. hoon L 00IE5 Inches of mercury
w w ' w T 31030x10-5. . Horse-power L e 0.5781..... Ounces./sq. inch
“ow /e 3.241x10-4. . Kg.-calories/min. EEEEES 5.202...... Lbs./sq. foot
“ w w77 2.260x10-5. . Kilowatts ......0.03613... Lbs./sq. inch
Foot-pounds/sec. . ... 7.717x10-2. .B.t. units/min. Kilograms .......... 2205...... Lbs.
" S A 1.818x10-3. . Horse-power
" S A 1.945x10-2. . Kg.-calories/min. Kllogram calones/mm 5143...... Foot-pounds/sec.
“ Y AP 1.356x10-3. . Kilowatts / * 0.09351.... Horse-power
" “ /% 0.06972. ... Kilowatts
Galloms............. 3785....... Cubic centimeters
TP T TP 0.1337..... Cubic feet Kgs./sq. meter ... 3.281x10-3. .Feet of water
U 21........ Cubic inches /Y 1.422x10-3. .Lbs./sq. inch
U 3.785x10-3. . Cubic meters
i 3.785...... Liters Kilometers.......... 3281....... Feet
s . NN Pints (liq.) L 0.6214..... Miles
s 4. ... Quarts (liq.) N 1094....... Yards
Gallons Imperial . ... 1.20095....U. S. gallons Kilometers/hr....... 21.78...... Centimeters/sec.
Uu.s........ 0.83267.. . .Imperial galions Y AU 5468...... Feet/min.
N AT 09113..... Feet/sec.
Gallons water. ...... 8.3453..... Pounds of water M 0.6214..... Miles/hr.
Gallons/mln ......... 2.228x10-3. . Cubic feet/sec. Kilowatts ... ........ 56.92. . ....B.t. units/min.
......... 0.06308. . . .Liters/sec. “ . .........4425x10¢.. Foot-lbs./min.
Y A 8.0208..... Cu. ft./hr. R OUU 7376...... Foot-ibs./sec.
e 1.341...... Horse-power
Gallons water/min. .. 6.0086..... Tons water/24 hrs. B 1434...... Kg.-calories/min.
Griins (trgy) ......... lo........ Grains (avoir) .. Cubic feet

Cubic inches
Gallons

........ 0.06480. .. .Grams

Gralns/U S.gal..... 17.118..... Parts/million
/U S.gal..... 142.86..... Lbs./million gal. thers/mm .......... 5.886x10-4. .Cubic ft.-sec.
“ Jimp.gal..... 14254, . ... Parts/million /Y 4.403x10-2. . Gals./sec.

Continued on the next page
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ULTIPLY TO OBTAIN
eters............. 3281...... Feet
L 39.37 ..Inches
b 1.0, ..... Yards
Viles................ 5280. ... Feet
LU 1.609...... Kilometers
Miles/hr............ 88......... Feet/min.
Y A 1.467...... Feet/sec.
Mlles/mln .......... 88......... Feet/sec.
A 60......... Miles/hr.
Milligrams/liter . . ... Lo........ Parts/million
Million gals./day . ... 1.54723. .. .Cubic ft./sec.
Miliner's inches ...... 15........ Cubic ft./min.
Ounces (fluid)....... 1.805...... Cubic inches
“ ... 0.02957. .. Liters
Parts/mllllon ........ 0.0584..... Grains/U.S. gal.
/o 0.07016. . .. Grains/Imp. gal.
R 8345...... Lbs./million gal.
Pounds............. 16......... Ounces
U 2%........ Drams
U 7000....... Grains
Y 0.0005..... Tons (short)
Y 4535924 . .Grams
. 1.21528. .. Pounds (troy)
. 14.5833. . . . Ounces (troy)
Pounds (troy). ...... 5760....... Grains
............... Pennyweights (troy)
“ U 12......... Ounces (troy)
" T 373.24177 . .Grams
“ Y 0.822857. . . Pounds (avoir)
“ Yo 13.1657. . .. Qunces (avoir)
“ ‘o 3.6735x10-¢. Tons (long)
:: :: ....... 4.1143x10-4. Tons (short)

....... 3.7324x10-4. Tons (metric)

. 0.01602. . ..Cubic feet
..... 27.68. . ... Cubic inches
..... 0.1198. ... Gallons

' Pounds of water/min. 2.670x10-4. . Cubic ft./sec.

Pounds of water. .
“ " a

“ " "

Pounds/cublc foot . 0.01602. . . .Grams/cubic cm.
/¢ .16.02...... Kgs./cubic meter
“ o/ % 5.787x10-¢. . Lbs./cubic inch
Pounds/inch........ 1786...... Grams/cm.
Pounds/sq foot ..... 0.01602. . . . Feet of water
A 4883...... Kgs./sq. meter
e 6.945x10-2. Pounds/sq inch
Pounﬁs/sq. inch. . ... 0.06804. . .. Atmospheres
e 2307...... Feet of water
“ oo 2.036...... Inches of mercury
Mg 703.1...... Kgs./sq. meter

237

CONVERSION FACTORS

Continued from preceding page

MULTIPLY BY
Quarts (liq.)......... 5.75.....
Quires.............. 25........
Reams............. 500.......
Square centimeters . . 1.076x10-2
" “ .. 01550 ...
Square feet......... 2.296x10-5
PO 144, ...
U 0.09290. .
" U 3.587x10-8
Square inches....... 6.452.. ...
ot 6.944x10-2
Square kilometers... 247.1.. ...
" “ 10.76x10¢
“ “ 0.3861. ...
Square meters........ 10.76.....
“ Yo 1.19.....
Square miles......... 640.......
H o 27.88x108. .
“ U 3.098x108. .
Square yards .. 2066x10 4
W 0l
" “ 3.228x10-7
Temp (°C) + 273 1........
778.18.. ...
‘ °F) + 460 1........
" —32...5/9.......
Tons (long) . ........ 1016......
o 2240.. . ...
o 1.12000. ..
Tons (metric)....... 103.......
“ s 2208......
Tons (short)........ 2000. . .. ..
" Y 907.18486
" “ 0.89287. ..

Tons of water/24 hrs. 83.333. ...

/¢ 0.16643. .

“" 1 4" /“ " l 3349 o
Watts.............. 0.05692. .
O 44.26. . ...
. 1.341x10-3.
e 0.01434. .
Yards.............. 91.44.....
U 3.
. 36........
U 0.9144. ...

TO OBTAIN
Cubic inches

Sheets

-3, Square feet

Square inches

-5 Acres

Square inches

..Square meters
..Square miles

Square centimeters

..Square feet

Acres

...Square feet

Square miles

Square feet
Square yards

Acres

.Square feet
.Square yards

..Acres

Square feet
Square meters

..Square miles

Abs. temp. (°C.)
Temp. (°F.)
Abs. temp. (°F.)
Temp. (°C.)

Kilograms
Pounde

.Tons (short)

Kilograms
Pounds

Pounds

. .Kilograms
.Tons (long)

Pounds water /hour
.. Gallons/min.
Cu. ft./hr.

.. B.t. units/min.
Foot-pounds/min.

.Horse-power

.. Kg.-calories/min,




DECIMAL EQUIVALENTS

PROPERTIES OF NUMBERS

CIRCUMFERENCES AND AREAS OF CIRCLES

SQUARES

SQUARE ROOTS

Number, N Circle (N =Dia.) Circle (N =Dia.) '
2 2 .
Fraction | Decimal N -\/17 Circum, Ares N N ﬁ Circum. Area
1/64 | .015625 (0.000244 | .1250 | 0.04909 | .00019 1. 1.0000 1.0000 3.1416 0.7854
1/32 | .03125 | .000977 | .1768 .00818 | .00077 1,125 1.2656 1.0606 3.5343 9940 '
3 /64 .046875 | .002197 .2165 14726 | .00173 1.25 1.5625 1.1180 3.9270 1.2272
1/16 | .0625 .003906 | .2500 .19635 | .00307 1.375 1.8906 1.1726 4.3197 1.4849
5/64 | .078125 | .006104 | .2795 24544 | .00479 1.5 2.25 1.2247 4.7124 1.7671
3/32 09375 008789 3062 29452 | .00690 1.625 2.6406 1.2748 5.1051 2.0739,
7/64 | .109375 | .01196 3307 .34361 | .00939 1.75 3.0625 1.3229 5.4978 2.4053;
1/8 125 .01563 .3536 .39270 | .01227 1.875 3.5156 1.3693 5.8905 2.7612!
9/64 140625 | .01978 3750 44179 .01554 2. 4.0000 1.4142 6.2832 3.1416,
5/32 .15625 02441 .3953 49087 | .01917 2.125 4.5156 1.4577 6.6759 3.5466'
11/64 | .171875 | .02954 4146 53096 | .02320 2.25 5.0625 1.5000 7.0686 3.9761
3/16 | .1875 03516 4330 .58905 | .02761 2.375 5.6406 1.5411 7.4613 4.4301
13/64 | .203125 | .04126 4507 63814 | .03241 2.5 6.2500 1.5811 7.8540 4.9087
7/32 | 21875 | .04785 4677 68722 | .03758 2.625 6.8906 1.6202 8.2467 5.4119
15/64 | .234375 | .05493 4841 73631 | .04314 2.75 7.5625 1.6583 8.6394 5.9396
1/4 .250 .0625 .5000 78540 | .04909 2.875 8.2656 1.6956 9.0321 6.4918
17 /64 265625 | .07056 5154 83448 | .05542 3. 9.0000 1.7321 9.4248 7.0686
9/32 | 28125 | .07910 5303 88357 | .06213 3.125 9.7656 1.7678 9.8175 7.6699
19 /64 206875 | .08813 .5449 93266 06922 3.25 10.5625 1.8028 10.2102 8.2058
5/16 3125 00766 .5590 98175 | .07670 3.375 11.3906 1.8371 10.6029 8.9462
21/64 | .328125 | .10767 5728 | 1.0308 08456 3.5 12.2500 1.8708 10.9956 9.6211
11/32 34375 11816 .5863 1.0799 09281 3.625 13.1406 1.9039 11.3883 10.3208
23/64 | .359375 | .12915 5995 | 1.1290 .10143 3.75 14.0625 1.9365 11.7810 | 11.0447
3/8 375 14063 6124 1.1781 .11045 3.875 15.0156 1.9685 12.1737 11.7932
25 /64 .390625 | .15259 6250 1.2272 11984 4. 16.0000 2.0000 12.5664 12.5664
13/32 40625 .16504 6374 1.2763 12962 4.125 17.0156 2.0310 12.9591 13.3640
27/64 | 421875 | .17798 6495 | 1.3254 .13979 4.25 18.0625 2.0616 13.3518 | 14.1863
7/16 4375 19141 .6614 1.3744 .15033 4375 19.1406 2.0916 13.7445 15.0330
29 /64 453125 | .20532 .6732 1.4235 .16126 4.5 20.2500 2.1213 14.1372 15.9043
15/32 46875 21973 .6847 1.4726 17257 4.625 21.3906 2.1506 14.5299 16.8001
31/64 | 484375 | .23462 6960 | 15217 .18427 4.75 22,5625 | 2.1795 14.9226 | 17.7205
1/2 .50 2500 7071 1.5708 19635 4.875 23.7656 2.2079 15.3153 18.6655
33/64 | .515625 | .26587 7181 | 1.6199 .20881 5. 25.0000 | 2.2361 15.7080 | 19.6350
17 /32 53125 .28223 7289 1.6690 22166 5.125 26.2656 2.2638 16.1006 20.6289
35/64 .546875 | .29907 7395 1.7181 .23489 5.25 27.5625 2.2013 16.4933 21.6475
9/16 | .5625 .31641 7500 | 1.7871 .24850 5.375 28.8906 | 2.3184 16.8860 | 22.6906
37 /64 578125 | .33423 7604 1.8162 .26250 5.5 30.2500 2.3452 17.2787 23.7583
19/32 | .59375 | .35254 7706 | 1.8653 .27688 5.625 31.6406 | 2.3727 17.6714 | 24.8505
39 /64 609375 | .37134 .7806 1.9144 29165 5.75 33.0625 2.3979 18.0641 25.9672
5/8 825 39063 7906 1.9635 30680 5.875 34.5156 2.4238 18.4568 27.1085
41 /64 .840625 | .41040 8004 2.0126 32233 8. 36.0000 2.4495 18.8495 28.2743
21/32 85625 43086 .8101 2.0817 .33824 6.125 37.5156 2.4749 19.2422 29.4647
43 /64 671875 | .45142 8197 2.1108 35454 6.25 39.0625 2.5000 19.6349 30.6796
11/16 8875 47266 .8297 2.1598 37122 6.375 40.6406 2.5249 20.0276 31.9190
45 /64 703125 | .49438 8385 2.2089 .38829 6.5 42.2500 2.5495 20.4203 33.1831
23 /32 71875 .51660 .8478 2.2580 .40574 6.625 43.8906 2.5739 20.8130 34.4716
47 /64 734375 | .53931 .8570 2.3071 .42357 8.75 45.5625 2.5981 21.2057 35.7847
3/4 750 .56250 .8660 | 2.3562 44179 6.875 47.2656 | 2.6220 21.5984 | 37.1223
49 /64 765625 | .58618 .8750 2.4053 46038 7. 49.0000 2.6458 21.9911 38.4845
25/32 78125 81035 .8839 2.4544 .47937 7.125 50.7657 2.6693 22.3838 39.8712
51/64 796875 | 63501 8927 2.5035 49874 725 52.5625 2.6926 22.7765 41.2825
13/16 8125 66016 9014 2.5525 518498 7.375 54.3906 2.7157 23.1692 42.7183
53/64 .828125 | .68579 9100 2.6018 .53862 7.5 56.2500 27386 23.5619 44.1786
27 /32 84375 71191 9186 2.86507 .55014 7.625 58.1406 2.7613 23.9546 45.6635
55 /64 .858375 | .73853 9270 2.6998 .58004 7.75 60.0625 2.7839 24.3473 47.1730
7/8 .875 76563 9354 2.7489 60132 7.875 62.0156 2.8063 24.7400 48.7069
57 /64 890625 | .79321 9437 2.7980 62299 8. 64.0000 2.8284 25.1327 50.2655
29 /32 90625 82129 .9520 2.8471 .64504 8.125 66.0156 2.8504 25.5254 51.8485
59 /64 921875 | .84985 9601 2.8962 86747 8.25 68.0625 2.8723 25.9181 53.4562
15/16 | .9375 .87801 9683 | 2.9452 69029 8.375 70.1408 | 2.8940 26.3108 | 55.0883
61 /64 953125 | 90845 9763 2.9943 71349 8.5 72.2500 2.9155 28.7035 56.7450
31/32 96875 .93848 9843 3.0434 73708 8.625 74.3906 2.9368 27.0962 58.4262
63/64 | .984375 | .96899 9922 | 3.0925 76104 8.75 76.5625 | 2.9580 | 27.4889 | 60.1320
) 8.875 78.7656 | 2.9791 27.8816 | 61.8623
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PROPERTIES OF NUMBERS

(Continued from preceding page)

Circle (N =Dia.) Cirele (N =Dia.)
N N2 N N2
\/Iv Circum. Area \/Iv Circum. Area

9. 81.0000 3.0000 28.2743 | 63.6172 86 4356 8.1240 | 207.3449 | 3421.104
9.125 83.2656 3.0207 28.6670 | 65.3966 87 4489 8.1854 | 210.4885 | 3525.852
9.25 85.5625 3.0414 20.0597 | 67.2006 68 4624 8.2462 | 213.6281 | 3631.680
9.375 87.8906 3.0619 20.4524 69.0291 89 4761 8.3066 | 216.7697 | 3739.280
9.5 90.2500 3.0822 29.8451 70.8822 70 4900 8.3666 | 219.9113 | 3848.450
9.625 92.6406 3.1024 30.2378 | 72.7597 71 5041 84261 | 223.0529 | 3950.101
9.75 95.0625 3.1225 30.6305 | 74.6619 72 5184 8.4853 | 226.1945 | 4071.503
9.875 97.5156 3.1425 31.0232 | 76.5886 73 5329 8.5440 | 220.3361 | 4185.386
10 100 3.1623 31.4159 78.5398 74 5476 8.6023 | 232.4777 | 4300.839
11 121 3.3168 34.5575 | 95.0332 75 5625 8.6603 | 235.6193 | 4417.864
12 144 3.4641 37.6991 | 113.0973 76 5776 87178 | 238.7608 | 4536.459
13 169 3.6056 40.8407 | 132.7323 77 5929 8.7750 | 241.9024 | 4656.625
14 196 3.7417 43.9823 | 153.9380 78 6084 8.8318 | 245.0440 | 4778.361
15 225 3.8730 47.1239 | 176.7146 79 6241 8.8882 | 248.1856 | 4901.660
16 256 4.0000 50.2654 | 201.0619 80 6400 8.9443 | 251.327 5026.547
17 289 4.1231 53.4070 | 226.9801 81 6561 9.0000 | 254.469 5152.998
18 324 4.2426 56.5486 | 254.4690 82 6724 9.0554 | 257.610 5281.018
19 361 4.3589 59.6002 | 283.5287 83 6889 9.1104 | 260.742 5410.807
20 400 44721 62.8318 | 314.1593 84 7056 9.1652 | 263.894 |- 5541.770
21 441 4.5826 65.9734 | 346.3606 85 7225 9.2195 | 267.035 | .5674.501
22 484 4.8904 69.1150 | 380.1327 86 7396 9.2736 | 270.177 5808.805
23 520 4.7958 72.2566 | 415.4756 87 7560 9.3274 | 273.318 5944.679
24 576 4.8990 75.3082 | 452.3893 88 7744 9.3808 | 276.460 6082.124
25 625 5.0000 78.5398 | 490.8739 89 7921 9.4340 | 279.602 6221.138
26 676 5.0990 |. 81.6813 | 530.9292 90 8100 0.4868 | 282.743 8361.726
27 729 5.1962 84.8229 | 572.5553 91 8281 9.5394 | 285.885 8503.882
28 784 5.2015 87.9645 | 615.7522 92 8464 9.5017 | 289.026 6647.610
29 841 5.3852 91.1061 | 660.5198 93 8649 9.6437 | 202.168 6792.909
30 900 5.4772 94.2477 | 706.8583 94 8836 9.6954 | 205.308 6939.778
31 961 5.5678 97.3803 | 754.7676 95 8025 0.7468 | 298.451 7088.219
32 1024 5.8560 | 100.5309 | 804.2477 96 9216 9.7980 | 301.593 7238.230
33 1089 5.7446 | 103.6725 | 855.2086 97 9409 9.84890 | 304.734 7389.812
34 1156 5.8310 | 106.8141 | 907.9203 98 9604 9.8995 | 307.876 7542.962
35 1225 59161 | 109.9557 | 962.1127 99 9801 9.9499 | 311.017 7697.688
36 1296 6.0000 | 113.0872 | 1017.8760 100 10000 10.0000 | 314.159 7853.982
37 1369 6.0828 | 116.2388 | 1075.2101 101 10201 10.0499 | 317.301 8011.85
38 1444 6.1644 | 1190.3804 |1134.1149 102 10404 10.0995 | 320.442 8171.28
39 1521 6.2450 | 122.5220 | 1194.5006 103 10609 10.1489 | 323.584 8332.29
40 1600 8.3246 | 125.6636 | 1256.6371 104 10816 10.1980 | 326.725 8404.87
41 1681 6.4031 | 128.8052 |1320.2543 105 11025 10.2470 | 320.867 8659.01
42 1764 6.4807 | 131.9468 |1385.4424 106 11236 10.2956 | 333.009 8824.73
43 1849 6.5574 | 135.0884 |1452.2012 107 11449 10.3441 | 336.150 8992.02
44 1936 6.6332 | 138.2300 | 1520.5308 108 11664 10.3923 | 339.292 9160.88
45 2025 6.7082 | 141.3716 |1500.4313 109 11881 10.4403 | 342.433 9331.32
48 2118 6.7823 | 144.5131 | 1661.9025 110 12100 10.4881 | 345.575 9503.32
47 2209 6.8557 | 147.6547 |1734.9445 111 12321 10.5357 | 348.716 0676.89
48 2304 6.9282 | 150.7963 | 1809.5574 112 12544 10.5830 | 351.858 9852.03
. 49 2401 7.0000 | 153.9379 | 1885.7410 113 12769 10.6301 | 355.000 | 10028.75
50 2500 7.0711 | 157.0795 | 1963.500 114 12996 10.6771 | 358.141 | 10207.03
51 2601 7.1414 | 160.2211 | 2042.820 115 13225 10.7238 | 361.283 | 10386.80
52 2704 7.2111 | 163.3627 | 2123.716 116 13456 10.7703 | 364.424 | 10568.32
53 2809 7.2801 | 166.5043 |2206.183 117 13689 10.8167 | 367.566 | 10751.31
54 2016 7.3485 | 169.6459 | 2290.221 118 13024 10.8628 | 370.708 | 10035.88
56 3025 7.4162 | 172.7875 | 2375.829 119 14161 10.9087 | 373.849 | 11122.02
56 3136 7.4833 | 175.9200 | 2463.008 120 14400 10.9545 | 376.991 | 11309.73
87 3249 7.5408 | 179.0706 | 2551.758 121 14641 11.0000 | 380.132 | 11499.01
58 3364 7.6158 | 182.2122 |2642.079 122 14884 11.0454 | 383.274 | 11689.86
50 3481 7.6811 | 185.3538 |2733.970 123 15129 11.0005 | 386.416 | 11882.29
60 3600 7.7460 | 188.4054 |2827.433 124 15376 11.1355 | 389.557 | 12076.28
81 3721 7.8102 | 191.6370 | 2022.466 125 15625 11.1803 | 392.699 | 12271.84
82 3844 7.8740 | 194.7786 |3019.070 126 15876 11.2250 | 395.840 | 12468.98
a3 3969 7.9373 | 197.9202 |3117.245 127 16129 11.2694 | 398.982 | 12667.68
64 4096 8.0000 | 201.0618 |3216.990 128 16384 11.3137 | 402.124 | 12867.96
85 4225 8.0623 | 204.2034 !3318.307 129 16641 11.3578 | 405.265 | 13069.81
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SOLUTION OF RIGHT AND OBLIQUE TRIANGLES

E K
(-]
8
(o4 a
d |0 A 3
Right Triangles Oblique Triangles
SOLUTION OF RIGHT TRIANGLES
sin A =%=cosB cos A =%=sinB
a b
tan A =T=cot B cot A =-;=tan B
sec A =%=cosecB cosec A=-£—=secB
versA=c;b=-i exsec A==
c ¢ ¢

a=c sin A=b tan A =c cos B=b cot B="V (c+b) (¢c—Db)
b=c cos A=a cot A=c¢ sin B=a tan B=V (¢c+a) (c—a)

d=cvers A e=cexsec A

a b a b d e

C=cosB snB snA cosA versA exsecA

SOLUTION OF OBLIQUE TRIANGLES

Given Required Formulas
A, B,a b, ¢ b=sh;'A.sin B, c=si:A sin (A+B)
. in A .
A,a b B, ¢ sin B=22 ob, °=si: 7 °sin c
1 a—b 1
C, a, b A—B tan 7 (A—B) =T tan 1 (4+B)
a,bc 4 Let =1 (a-+b+c); sin 44 = [E2 L2
1 /s(s—a)_ 1 (s—b) (s—¢)
c057A= be ,tm..\ 7A= 5(6—a)
sin 4 =2v/8(6—a) (s—) (s—)
be
vers A = 2—(s—bgc(s—c)
area area =-/s(s—a) (s—Db) (s—¢)
2 .
A,BC,a area area =%
C,a, b area area=—;- ab sin C
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NATURAL TRIGONOMETRICAL FUNCTIONS

24

Deg.| Min. Sine Cosine || Tangent | Cotangent]] Secant | Cosecant | Min. | Deg
0 0 0.00000 | 1.0000 0.00000 | Infinite 1.0000 | Infinite 0 90
10 0.00291 | 0.99999 || 0.00291 | 343.77 1.0000 | 343.77 50
20 0.00582 | 0.99998 || 0.00582 | 171.88 1.0000 | 171.89 40
30 0.00873 | 0.99996 || 0.00873 | 114.59 1.0000 | 114.59 30
40 0.01163 | 0.99993 || 0.01164 85.940 1.0001 85.946 | 20
50 0.01454 | 0.99989 0.01454 68.750 1.0001 68.757 10
1 0 0.01745 | 0.99985 || 0.01745 57.290 1.0001 57.299 0 89
10 | 0.02036 | 0.99979 || 0.02036 49.104 1.0002 49.114 | 50
20 0.02326 | 0.99973 || 0.02327 42,964 1.0003 42.976 | 40
30 0.02618 | 0.99966 || 0.02618 38.188 1.0003 38.201 30
40 0.02008 | 0.99958 || 0.02910 34.368 1.0004 34.382 | 20
50 0.03199 | 0.99949 |i 0.03201 31.241 1.0005 31.257 10
2 0 0.03490 | 0.99939 || 0.03492 28.636 1.0006 28.654 0 88

10 0.03781 | 0.99928 || 0.03783 26.432 1.0007 26.450 | 50 .
20 0.04071 | 0.99917 || 0.04075 24,542 1.0008 24.562 | 40
30 0.04362 | 0.99905 || 0.04366 22,904 1.0009 22.925 | 30
40 0.04652 | 0.99892 {| 0.04657 21.470 1.0011 21.494 | 20
50 0.04943 { 0.99878 || 0.04949 20.205 1.0012 20.230 | 10
3 0 0.05234 | 0.99863 || 0.05241 19.081 1.0014 19.107 0 87
10 0.05524 | 0.99847 || 0.055632 18.075 1.0015 18.103 | 50
20 0.05814 | 0.99831 || 0.05824 17.169 1.0017 17.198 | 40
30 0.06105 | 0.99813 || 0.06116 16.350 1.0019 16.380 | 30
40 0.06395 | 0.99795 || 0.06408 15.605 1.0020 15.637 | 20
50 0.06685 | 0.99776 || 0.06700 14.924 1.0022 14.958 | 10
4 0 0.06976 | 0.99756 || 0.06993 14.301 1.0024 14.335 0 86
10 0.07266 | 0.99736 || 0.07285 13.727 1.0026 13.763 | 50
20 0.07556 | 0.99714 {| 0.07577 13.197 1.0029 13.235 | 40
30 0.07846 | 0.99692 || 0.07870 12.706 1.0031 12.745 1 30
40 0.08136 { 0.99668 || 0.08163 12.250 1.0033 12.291 20
50 0.08426 | 0.99644 || 0.08456 11.826 1.0036 11.868 10
b 0 0.08715 | 0.99619 || 0.08749 11.430 1.0038 11.474 0 86
10 0.09005 | 0.99594 || 0.09042 11.059 1.0041 11.104 | 50
20 0.09295 { 0.99567 || 0.09335 10.712 1.0043 10.758 | 40
30 0.09584 | 0.99540 || 0.09629 10.385 1.0046 10.433 | 30
40 0.09874 | 0.99511 || 0.09922 10.078 1.0049 10.127 | 20
50 0.10163 | 0.99482 || 0.10216 9.7882|| 1.0052 9.8391} 10
6 0 0.10453 | 0.99452 || 0.10510 9.5144] 1.0055 9.5668] O 84
10 0.10742 | 0.99421 || 0.10805 9.25531 1.0058 9.3092( 50
20 0.11031 | 0.99390 || 0.11099 9.0098] 1.0061 9.0551| 40
30 0.11320 | 0.99357 || 0.11393 8.7769| 1.0065 8.8337| 30
40 0.11609 | 0.99324 || 0.11688 8.5565] 1.0068 8.6138] 20
50 0.11898 | 0.99290 {| 0.11983 8.34491 1.0071 8.4046 10
7 0 0.12187 | 0.99255 || 0.12278 8.1443 1.0075 8.2055( O 83
10 0.12476 | 0.99219 || 0.12574 7.9530; 1.0079 8.0156 50
20 0.12764 | 0.99182 || 0.12869 7.7703] 1.0082 7.8344| 40
30 0.13053 | 0.99144 || 0.13165 7.5957 1.0086 7.6613| 30
40 0.13341 | 0.99106 || 0.13461 7.4287 1.0090 7.4957) 20
50 0.13629 | 0.99067 || 0.13757 7.2687 1.0094 7.3372( 10
8 0 0.13917 | 0.99027 0.14054 7.1154 1.0098 7.1853t O 82
10 0.14205 | 0.98986 || 0.14351 6.9682 1.0102 7.0396] 50
20 0.14493 | 0.98944 || 0.14648 6.8269 1.0107 6.8998| 40
30 0.14781 | 0.98901 0.14945 6.6911 1.0111 6.7655, 30
40 0.15068 | 0.98858 || 0.15243 6.5605 1.0115 6.6363] 20
50 0.15356 { 0.98814 || 0.15540 6.4348 1.0120 6.5121| 10
9 0 .15643 .98769 .15838 6.3137 1.0125 6.3924| O 81
Deg. | plin. | Cosine Sine Cotangent| Tangent || Cosecant | Secant | Min.| Deg.
For functions from 81° to 90° read from bottom of table upward.



NATURAL TRIGONOMETRICAL FUNCTIONS

Deg. | Min Sine Cosine || Tangent | Cotangent} Secent | Cosecant | Min.| Deg.
9 0 0.15643 | 0.98769 }| 0.15838 | 6.3137 1.0125 6.3924 0 81

10 0.15931 | 0.98723 || 0.16137 | 6.1970 1.0129 6.2772 50
20 0.16218 | 0.98676 || 0.18435 | 6.0844 1.0134 6.1661 40
30 0.16505 | 0.98628 || 0.16734 | 5.9758 1.0139 6.0588 30
40 0.16791 | 0.98580 || 0.17033 | 5.8708 1.0144 5.9554 20
50 0.17078 | 0.98531 || 0.17333 | 5.7694 1.0149 5.8554 10

10 0 0.17365 | 0.98481 || 0.17633 | 5.6713 1.0154 5.7588 0 80
10 0.17651 | 0.98430 || 0.17933 | 5.5764 1.0159 5.6653 50
20 0.17937 | 0.98378 || 0.18233 | 5.4845 1.0165 5.5749 40
30 0.18223 | 0.98325 || 0.18534 | 5.3955 1.0170 5.4874 30
40 0.18509 | 0.98272 || 0.18835 | 5.3093 1.0176 5.4026 20
50 0.18795 | 0.98218 || 0.19136 | &.2257 1.0181 5.3205 10

11 0 0.19081 | 0.98163 || 0.19438 | 5.1445 1.0187 5.2408 0 79
10 0.19366 | 0.98107 || 0.19740 | 5.0658 1.0193 5.1636 50
20 0.19652 | 0.98050 [ 0.20042 | 4.9894 1.0199 5.0886 40
30 0.10937 | 0.97992 || 0.20345 | 4.9151 1.0205 5.0158 30
40 0.20222 | 0.97934 || 0.20848 | 4.8430 1.0211 4.9452 20
50 0.20506 { 0.97875 || 0.20052 | 4.7728 1.0217 4.8765 10

12 0 0.20791 | 0.97815 || 0.21256 | 4.7046 1.0223 4.8097 0 78
10 0.21076 | 0.97754 | 0.21560 | 4.6382 1.0230 4.7448 50
20 0.21360 | 0.97692 || 0.21864 | 4.5736 1.0236 4.6817 40
30 0.21644 [ 0.97630 || 0.22169 | 4.5107 1.0243 4.6201 30
40 0.21928 | 0.97566 || 0.22475 | 4.4494 1.0249 4.5604 20
50 0.22211 | 0.97502 || 0.22781 | 4.3897 1.0256 4.5021 10

13 0 0.22495 | 0.97437 || 0.23087 | 4.3315 1.0263 4.4454 0 77
10 0.22778 | 0.97371 || 0.23393 | 4.2747 1.0270 4.3901 50 ¢
20 0.23061 | 0.97304 || 0.23700 | 4.2193 1.0277 4.3362 40
30 0.23344 | 0.97237 || 0.24008 | 4.1653 1.0284 4.2836 30
40 0.23627 | 0.97169 || 0.24316 | 4.1126 1.0291 4.2324 20
50 0.23910 | 0.97099 || 0.24624 | 4.0611 1.0299 4.1824 10

14 0 0.24192 | 0.97029 || 0.24933 | 4.0108 1.0308 4.1336 0 76
10 0.24474 | 0.96959 || 0.25242 | 3.9616 1.0314 4.0859 50
20 0.24756 | 0.96887 || 0.25552 | 3.9136 1.0321 4.0394 40
30 0.25038 | 0.96815 || 0.25862 | 3.8667 1.0329 3.9939 30
40 0.25319 | 0.96741 || 0.26172 | 3.8208 1.0337 3.9495 20
50 0.25601 | 0.96667 || 0.26483 | 3.7759 1.0345 3.9061 10

15 0 0.25882 [ 0.96592 || 0.26795 | 3.7320 1.0353 3.8637 0 75
10 0.26163 | 0.96517 || 0.27107 | 3.6891 1.0361 3.8222 50
20 0.26443 | 0.96440 || 0.27419 | 3.6470 1.0369 3.7816 40
30 0.26724 | 0.96363 || 0.27732 | 3.6059 1.0377 3.7420 30
40 0.27004 | 0.96285 || 0.28046 | 3.5656 1.0386 8.7031 20
50 0.27284 | 0.96206 || 0.28360 | 3.5261 1.0394 3.6651 10

16 0 0.27564 | 0.96126 || 0.28674 | 3.4874 1.0403 3.6279 0 74
10 0.27843 | 0.96045 || 0.28990 | 3.4495 1.0412 3.5915 50
20 0.28122 [ 0.95964 || 0.29305 | 3.4124 1.0420 3.5559 40
30 0.28401 | 0.95882 || 0.29621 | 3.3759 1.0429 3.5209 30
40 0.28680 | 0.95799 || 0.29938 | 3.3402 1.0438 3.4867 20
50 0.28959 | 0.95715 || 0.30255 | 3.3052 1.0448 3.4532 10

17 0 0.29237 | 0.95630 || 0.30573 | 3.2708 1.0457 | 3.4203 0 73
10 0.29515 | 0.95545 | 0.30891 | 38.2371 1.0466 3.3881 50 |
20 0.29793 | 0.95459 | 0.31210 | 3.2041 1.0476 3.3565 40 |
30 0.30070 | 0.95372 || 0.31530 | 3.1716 1.0485 3.3255 30
40 0.30348 | 0.95284 || 0.31850 | 3.1397 1.0495 3.2951 20
50 0.30625 | 0.95195 || 0.32171 3.1084 1.0505 3.2653 10

18 | 0] 0.30002| 0.95106 || 0.32492 | 2.0777 | 1.0615 | 8.2361 | 0 | 72

. Deg. | Min.| Cosine Sine Cotangent| Tangent || Cosecant | Secant | Min IDeg.

For functions from 72° to 81° read from bottom of table upward.
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NATURAL TRIGONOMETRICAL FUNCTIONS

Deg.

Min. Sine Cosine Tangent | Cotangent|| Secant | Cosecant | Min.| Deg.
18 0 0.30902 | 0.95106 || 0.32492 | 3.0777 1.0515 3.2361 0 72
10 0.31178 | 0.95015 || 0.32814 | 3.0475 1.0525 3.2074 50 .
20 0.31454 | 0.94924 0.33136 3.0178 1.0535 3.1792 40
30 0.31730 | 0.94832 0.33459 2.9887 1.0545 3.1515 30
40 0.32006 | 0.94740 || 0.33783 2.9600 1.0555 3.1244 20
50 0.32282 | 0.94646 0.34108 2.9319 1.0566 3.0977 10
19 0 0.32557 | 0.94552 0.34433 2.9042 1.0576 3.0715 0 71
10 0.32832 | 0.94457 || 0.34758 { 2.8770 1.0587 3.0458 50
20 0.33106 | 0.94361 0.35085 2.8502 1.0598 3.0206 40
30 0.33381 | 0.94264 0.35412 2.8239 1.0608 2.9957 30
40 0.33655 | 0.94167 0.35739 2.7980 1.0619 2.9713 20
50 0.33928 | 0.94068 0.36068 2.7725 1.0630 2.9474 10
20 0 0.34202 | 0.93969 0.36397 2.7475 1.0642 2.9238 0 70
10 0.34475 | 0.93869 0.36727 2.7228 1.0653 2.9006 50
20 0.34748 | 0.93769 0.37057 2.6985 1.0664 2.8778 40
30 0.35021 | 0.93667 0.37388 2.6746 1.0676 2.8554 30
40 0.35293 | 0.93565 || 0.37720 2.6511 1.0688 2.8334 20
50 0.35565 | 0.93462 || 0.38053 2.6279 1.0699 2.8117 10
21 0 0.35837 | 0.93358 0.38386 2.6051 1.0711 2.7904 0 69
10 0.36108 | 0.93253 0.38720 2.5826 1.0723 2.7694 50
20 |°0.36379 | 0.93148 || 0.39055 | 2.5605 1.0736 2.7488 40
30 0.36650 | 0.93042 || 0.39391 [ 2.5386 1.0748 2.7285 30
40 0.36921 | 0.92935 0.39727 2.5171 1.0760 2.7085 20
50 0.37191 | 0.92827 || 0.40065 2.4960 1.0773 2.6888 10
22 0 0.37461 | 0.92718 || 0.40403 2.4751 1.0785 2.6695 0 68
10 0.37730 | 0.92609 0.40741 2.4545 1.0798 2.6504 50
20 0.37999 | 0.924 0.41081 2.4342 1.0811 2.6316 40
30 | <0-382 0.92388Y| 0.41421 | 2.4142 || 1.0824 | 2.6131 | 30
40 073853 0.92276 || 0.41762 2.3945 1.0837 2.5949 20
50 0.38805 | 0.92164 0.42105 2.3750 1.0850 2.5770 10
23 0 0.39073 | 0.92050 || 0.42447 2.3558 1.0864 2.5593 0 67
10 0.39341 | 0.91936 || 0.42791 2.3369 1.0877 2.5419 50
20 0.39608 | 0.91822 0.43136 2.3183 1.0891 2.5247 40
30 0.39875 | 0.91706 0.43481 2.2998 1,004 2.56078 30
40 0.40141 { 0.91590 || 0.43827 2.2817 1.0918 2.4912 20
60 0.40408 | 0.91472 || 0.44175 2.2637 1.0932 2.4748 10
24 0 0.40674 | 0.91354 0.44523 2.2460 1.0946 2.4586 0 66
10 0.40939 | 0.91236 || 0.44872 2.2286 1.0961 2.4426 50
20 0.41204 | 0.91116 0.45222 2.2113 1.0975 2.4269 40
30 0.41469 | 0.90996 0.45573 2.1943 1.0989 2.4114 30
40 0.41734 | 0.90875 0.45924 2.1775 1.1004 2.3961 20
50 0.41998 | 0.90753 0.46277 2.1609 1.1019 2.3811 10
25 0 0.42262 | 0.90631 0.46631 2.1445 1.1034 2.3662 0 65
10 0.42525 | 0.90507 0.46985 2.1283 1.1049 2.3515 50
20 0.42788 { 0.90383 0.47341 2.1123 1.1064 2.3371 40
30 0.43051 | 0.90258 0.47697 2.0965 1.1079 2.3228 30
40 0.43313 | 0.90133 0.48055 2.0809 1.1095 2.3087 20
50 0.43575 | 0.90006 || 0.48414 2.0655 1.1110 2.2949 10
26 0 0.43837 | 0.89879 || 0.48773 2.0503 1.1126 2.2812 0 64
10 0.44008 | 0.89751 0.49134 2.0352 1.1142 2.2676 50
20 0.44359 | 0.89623 0.49495 2.0204 1.1158 2.2543 40
30 0.44620 | 0.89493 0.49858 2.0057 1.1174 2.2411 30
40 0.44880 | 0.89363 || 0.50222 1.9912 1.1190 2.2282 20
50 0.45140 | 0.89232 0.50587 1.9768 1.1207 2.2153 10
27 0 0.45399 | 0.89101 0.50952 1.9626 1.1223 2.2027 0 63
Deg.| Min.{ Cosine Sine Cotangent| Tangent || Cosecant | Secant | Min.| Deg.
For functions from 63° to 72° read from bottom of table upward.
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NATURAL TRIGONOMETRICAL FUNCTIONS

Deg. | Min Sine Cosine || Tangent | Cotangent|| Secant | Cosecant | Min.| Deg.
27 0 0.45399 | 0.89101 || 0.50952 1.9626 1.1223 2.2027 0 63
10 0.45658 | 0.88968 || 0.51319 1.9486 1.1240 2.1902 50
20 0.45917 | 0.88835 || 0.51687 1.9347 1.1257 2.1778 40
30 0.46175 | 0.88701 0.52057 1.9210 1.1274 2.1657 30
40 0.46433 | 0.88566 || 0.52427 1.9074 1.1291 2.1536 20
50 0.46690 | 0.88431 || 0.52798 1.8940 1.1308 2.1418 10
28 0 0.46947 | 0.88295 {| 0.53171 1.8807 1.1326 2.1300 0 62
10 0.47204 | 0.88158 || 0.53545 1.8676 1.1343 2.1185 50
20 0.47460 | 0.88020 || 0.53919 1.8546 1.1361 2.1070 40
30 0.47716 | 0.87882 || 0.54295 1.8418 1.1379 2.0957 30
40 0.47971 { 0.87742 || 0.54673 1.8291 1.1397 2.0846 20
50 0.48226 | 0.87603 || 0.55051 1.8165 1.1415 2.0735 10
29 0 0.48481 | 0.87462 || 0.55431 1.8040 1.1433 2.0627 0 61
10 0.48735 | 0.87320 || 0.55812 1.7917 1.1452 2.0519 50
20 0.48989 | 0.87178 || 0.56194 1.7795 1.1471 2.0413 40
30 0.49242 | 0.87035 || 0.56577 1.7675 1.1489 2.0308 30
40 0.49495 | 0.86892 || 0.56962 1.7555 1.1508 2.0204 20
50 0.49748 | 0.86748 || 0.57348 1.7437 1.1528 2.0101 10
30 0 0.50000 { 0.86603 || 0.57735 1.7320 1.1547 2.0000 0 60
10 0.50252 | 0.86457 || 0.58123 1.7205 1.1566 1.9900 50
20 0.50503 | 0.86310 || 0.58513 1.7090 1.1586 1.9801 40
30 0.50754 { 0.86163 || 0.58904 1.6977 1.1606 1.9703 30
40 0.51004 | 0.86015 || 0.59297 1.6864 1.1626 1.9606 20

- 50 0.51254 | 0.85866 || 0.59691 1.6753 1.1646 1.9510 10
31 0 0.51504 | 0.85717 || 0.60086 1.6643 1.1666 1.9416 0 59
10 0.51753 | 0.85566 || 0.60483 1.6534 1.1687 1.9322 50
20 0.52002 | 0.85416 || 0.60881 1.6425 1.1707 1.9230 40
30 0.52250 | 0.85264 || 0.61280 1.6318 1.1728 1.9139 30
40 0.52498 | 0.85112 || 0.61681 1.6212 1.1749 1.9048 20
50 0.52745 | 0.84959 || 0.62083 1.6107 1.1770 1.8959 10
32 0 0.52992 | 0.84805 || 0.62487 1.6003 1.1792 1.8871 0 58
10 0.53238 | 0.84650 || 0.62892 1.5900 1.1813 1.8783 50
20 0.53484 | 0.84495 || 0.63299 1.5798 1.1835 1.8697 40
30 0.53730 { 0.84339 || 0.63707 1.5697 1.1857 1.8611 30
40 0.53975 | 0.84182 || 0.64117 1.5596 1.1879 1.8527 20
50 0.54220 | 0.84025 || 0.64528 1.5497 1.1901 1.8443 10
33 0 0.54464 | 0.83867 || 0.64941 1.5399 1.1924 1.8361 0 57
10 0.54708 | 0.83708 || 0.65355 1.5301 1.1946 1.8279 50
20 0.54951 | 0.83549 || 0.65771 1.5204 1.1969 1.8198 40
30 0.55194 | 0.83388 [| 0.66188 1.5108 1.1992 1.8118 30
40 0.55436 | 0.83228 || 0.66608 1.5013 1.2015 1.8039 20
50 0.55678 | 0.83066 || 0.67028 1.4919 1.2039 1.7960 10
34 0 0.55919 | 0.82904 || 0.67451 1.4826 1.2062 1.7883 0 56
10 0.56160 | 0.82741 0.67875 1.4733 1.2086 1.7806 50
20 0.56401 | 0.82577 || 0.68301 1.4641 1.2110 1.7730 40
30 0.56641 | 0.82413 || 0.68728 1.4550 1.2134 1.7655 30
40 0.56880 | 0.82247 || 0.69157 1.4460 1.2158 1.7581 20
50 0.57119 | 0.82082 || 0.69588 1.4370 1.2183 1.7507 10
35 0 0.57358 | 0.81915 || 0.70021 1.4281 1.2208 1.7434 0 55
10 0.57596 | 0.81748 || 0.70455 1.4193 1.2233 1.7362 50
20 0.57833 | 0.81580 || 0.70891 1.4106 1.2258 1.7291 40
30 0.58070 | 0.81411 || 0.71329 1.4019 1.2283 1.7220 30
40 0.58307 | 0.81242 || 0.71769 1.3933 1.2309 1.7151 20
50 0.58543 | 0.81072 || 0.72211 1.3848 1.2335 1.7081 10
36 0 0.58778 | 0.80902 || 0.72654 1.3764 1.2361 1.7013 0 54
Deg. | Min Cosine Sine Cotangent| Tangent || Cosecant | Secant | Min. | Deg.

For funetions from 54° to 63° read from bottom of table upward.
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NATURAL TRIGONOMETRICAL FUNCTIONS

Deg. | Min Sine Cosine || Tangent | Cotangent| Secant | Cosecant | Min. | Deg.
36 0 0.58778 | 0.80902 0.72654 1.3764 1.2361 1.7013 0 54
10 0.59014 | 0.80730 || 0.73100 1.3680 1.2387 1.6945 50
20 0.59248 | 0.80558 0.73547 1.3597 1.2413 1.6878 40
30 0459482 | 0.80386 || 0.73996 1.3514 1.2440 1.6812 30
40 0.59716 | 0.80212 0.74447 1.3432 1.2467 1.6746 20
50 0.59949 | 0.80038 0.74900 1.3351 1.2494 1.6681 10
37 0 0.60181 | 0.79863 0.75355 1.3270 1.2521 1.6616 0 53
10 0.60413 | 0.79688 0.75812 1.3190 1.2549 1.6552 50
20 0.60645 | 0.79512 0.76271 1.3111 1.2577 1.6489 40
30 0.60876 | 0.79335 0.76733 1.3032 1.2605 1.6427 30
40 0.61107 | 0.79158 0.77196 1.2954 1.2633 1.6365 20
50 0.61337 | 0.78980 0.77661 1.2876 1.2661 1.6303 10
38 0 0.61566 | 0.78801 0.78128 1.2799 1.2690 1.6243 0 52
10 0.61795 | 0.78622 0.78598 1.2723 1.2719 1.6182 50
20 0.62023 | 0.78441 0.79070 1.2647 1.2748 | 1.6123 40
30 0.62251 | 0.78261 0.79543 1.2572 1.2778 1.6064 30
40 0.62479 | 0.78079 0.80020 1.2497 1.2807 1.6005 20
50 0.62706 | 0.77897 0.80498 1.2423 1.2837 1.5947 10
39 0 0.62932 | 0.77715 || 0.80978 1.2349 1.2867 1.5890 0 51
10 0.63158 | 0.77531 0.81461 1.2276 1.2898 1.5833 50
20 0.63383 | 0.77347 0.81946 1.2203 1.2929 1.5777 40
30 0.63608 | 0.77162 0.82434 1.2131 1.2960 1.5721 30
40 0.63832 | 0.76977 0.82923 1.2059 1.2991 1.5666 20
50 0.64056 | 0.76791 0.83415 1.1988 1.3022 1.5611 10
40 0 0.64279 | 0.76604 0.83910 1.1917 1.3054 1.5557 0 50
10 0.64501 | 0.76417 0.84407 1.1847 1.3086 1.5503 50
20 0.64723 | 0.76229 0.84906 1.1778 1.3118 1.5450 40
30 0.64945 | 0.76041 0.85408 1.1708 1.3151 1.5398 30
40 0.65166 | 0.75851 0.85912 1.1640 1.3184 1.5345 20
50 0.65386 | 0.75661 0.86419 1.1571 1.3217 1.5294 10
41 0 0.65606 | 0.75471 0.86929 1.1504 1.3250 1.5242 0 49
10 0.65825 | 0.75280 || 0.87441 1.1436 1.3284 1.5192 50
20 0.66044 | 0.75088 0.87955 1.1369 1.3318 1.5141 40
30 0.66262 | 0.74895 0.88472 1.1303 1.3352 1.5092 30
40 0.66479 | 0.74702 || 0.88992 | 1.1237 1.3386 1.5042 20
50 0.66697 | 0.74509 || 0.89515 1.1171 1.3421 1.4993 10
42 0 0.66913 | 0.74314 0.90040 1.1106 1.3456 1.4945 0 48
10 0.67129 | 0.74119 0.90568 1.1041 1.3492 1.4897 50
20 0.67344 | 0.73924 || 0.91099 1.0977 1.3527 1.4849 40
30 0.67559 | 0.73728 0.91633 1.0913 1.3563 1.4802 30
40 0.67773 | 0.73531 0.92170 1.0849 1.3600 1.4755 20
50 0.67987 | 0.73333 0.92709 1.0786 1.3636 1.4709 10
43 0 0.68200 | 0.73135 || 0.93251 1.0724 1.3673 1.4663 0 47
10 0.68412 | 0.72937 0.93797 1.0661 1.3710 1.4617 50
20 0.68624 | 0.72737 0.94345 1.0599 1.3748 1.4572 40
30 0.68835 | 0.72537 0.94896 1.0538 1.3786 1.4527 30
40 0.69046 | 0.72337 0.95451 1.0476 1.3824 1.4483 20
50 0.69256 | 0.72136 || 0.96008 1.0416 1.3863 1.4439 10
44 0 0.69466 | 0.71934 || 0.96569 1.0355 1.3902 1.4395 0 46
10 0.69675 | 0.71732 || 0.97133 1.0295 1.3941 1.4352 50
20 0.69883 t 0.71529 0.97700 1.0235 1.3980 1.4310 40
30 0.70091 | 0.71325 0.98270 1.0176 1.4020 1.4267 30
40 0.70298 | 0.71121 0.98843 1.0117 1.4060 1.4225 20
50 0.70505 | 0.70916 || 0.99420 1.0058 1.4101 1.4183 10
45 0 0.70711 | 0.70711 1.00000 1.0000 1.4142 1.4142 0 45
Deg. | Min.| Cosine Sine Cotangent| Tangent || Cosecant | Secant | Min. | Deg.

For functions from 45° to 54° read from bottom of table upward.
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LINEAR EXPANSION OF CAST IRON PIPE

The coefficient of linear expansion of cast iron may be taken as 0.0000058 per degree
Fahrenheit. The expansion or contraction in inches that will take place in a line of
given length with various temperature changes is shown in the following table:

Temperature Length of Line in Feet
Diﬁgrence 100 | 500 | 1000 f 5280
F Expansion and Contraction in Inches
5 0.035 0.17 0.35 1.83
10 0.070 0.35 0.70 3.67
20 0.139 0.70 1.39 7.34
30 0.209 1.04 2.09 11.01
40 0.278 1.39 2.78 14.70
50 0.348 1.74 3.48 18.35
60 0.418 2.09 4.18 22.04
70 0.487 2.44 4.87 25.72
80 0.557 2.79 5.57 29.39
90 0.626 3.13 6.26 33.05
100 0.696 3.48 6.96 36.71
120 0.835 4.17 835 44.10
150 1.043 5.22 10.43 55.10

INCHES CONVERTED TO DECIMALS OF A FOOT

Inches Decimal of a Foot Inches Decimal of a Foot

14 010416 14 510416

Y .020833 Y .520833

3 .031250 6 34 531250

0 15 041666 1 .541666

5 .052083 .50 5¢ .552083

3 .062500 3 562500

%% 072916 % 572916

W% 093750 J24 .593750

Y .104166 Y .604166

1 g//s i égggg 7 i//s .614583

5 . .625000

083333 | 54 135416 583333 | 3¢ 635416

84 .145833 34 .645833

%% .156250 % .656250

7 .177083 T¢ .677083

Y .187500 Y .687500

9 g égggég 8 % .697916

4 . .708333

166666 | 52 ‘218750 666666 | 52 718750

3 .229166 3 .729166

% .239583 % 739583

1z 260416 I 760416

Y .270833 y 770833

3 3 .281250 9 3¢ 781250

1 .201666 24 .791666

250 5% .302083 750 8¢ .802083

84 .312500 8% .812500

%% 322916 7% .822916

T4 343750 ¢ 843750

Y 354166 Y 854166

I g 0 |3 s
2 o R

333333 | B¢ 385416 833333 | 3¢ 885416

84 395833 3% .895833

% 406250 % .906250

Tg 427083 74 027083

Y 437500 Yy .937500

5 la/{; .zgggg 1 ;//8 947916

5 . 958333

416666 B¢ 468750 916666 s/: 968750

84 479166 3% 979166

%% 480583 % .989583
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