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Fig. 17. Crad4 section, exaggerated. of plastic finer for con-
crite pipe,

Joints and fittings

Various types of joints are available for connecting con-
crete pipe sections, and the type of joint wed of ien depends
on the pround water conditions, pipe size, the manufaciurer,
amd whether the pipe is reinforced or nonreinforced,

The principal types of joints are bell and spigot, tongue
amd groove, modiflbed tongee and groove (with a reinforced
medificd bell ), concrete collar, single rubber ring gasket,
and external bamd, Methods of making joints will be dis-
cussed in Fart 3 of this manual,

Fl“lﬂﬂ.‘b of all Lypeies, il'll.'llJl,‘l.Il'lF bends, WYes, lees, connec-
tions, amd specials, are available in all sizes

Cast-in-place concrete pipe

Concrele sewers cast in-place involve engineering design
formulas and calculations, Differem shapes involve dif-
ferent engineering design approaches, Principles of design
for such sewers may be found in standard reference
fexts™ %305 gnd will not be covered in this manal.

Manufaciurers

Manufactured concrete pipe, joints, and fittimgs may he
obtained from the following manufacturers; the lisd is not
necessarily all-inclusive. For a complete list, consuli the
American Concrete Pipe Assp,

American Pipe & Constroction Co., Monterey Park, Calif,

The Cretex Ca., Inc., Elk River. Minn.

iifford-Hill Fipe Co., Diallas, Tex.

Hydro Conduit Corp., Denver, Colo.

International Pipe & Ceramics Corp.. Parsippany. N. I,

Price Brothers Co, Dayton, Ohio

United Concrete Pipe Corp., Birmingham, La.

United States Concreie Pipe Co., Cleveland, Ohio

Vulean Materials Co,, Atlanta, Ga,

Specially limed pipe. as describes previowsly, or epoxy
lining-in-place may be obtained from the following com-
pamfes:

Epoxy lining-in-place; Centriline Corp., Div, of Ray-
el International, Inc.. Mew York, N, Y.

Integral lining: U, 5. Steel Chemicals, Div, of U, §. Steel
Corp.. Pittshurgh, Pa,

Plastic linings are manufactured by Amercoat Corp.,
Brea, Calif., but are applicd by the pipe producer.
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Section 9—Plastic and Plastic Lined Pipe l

Until recently, the use of plastic pipe in sewer

was limited to building sewers, house sewers, and I’qu|
mans, primarily because the largest sive available was & i
in diameter. In about 1965, a specially designed plastie
pipe, termed truss pipe, wos introduced in sizes of 8- 10,
2=, wmdl |5-in. diam, In 1967, a British monufactuser o
nounced the production of extruded polyvinyl chloride pige
[PYC) in diameters up to 16 6., with the future peavsihiliny
of producing 200, 24-, and 30-in, pipe. These developmens
undoubiedly will lend to the wider use of plastie pape for
ROWES,

ABS, PE, and PVC pipe

The U, 5. Department of Commerce has issued (wo cone
mercial standards for plastic drain, waste, and vent pipe and
fittings (CS 270-67 for ABS and 272.65 far PVC fiped and
one for sewer and drain pipe (CS 22861 for styrene-rb- |
ber plastic). As the use of plastic pipe for sewers incroses,
there may be standards developed specifically for plaie |
sewer pipe of various compositions. Information on ke
design, specifications, manufacture, and testing of plasie
pipe for waler systems may be found in Manual of Practe
No. 2.3 Manufacture of plastic sewer pipe i similar, .

In addition to the tvpes of pipe used for water sys|eE
and/or drain, waste, and vent systems, there are two Ivpes
of plastic pipe designed for wastewater use: styrene-rubber
plastic pipe, and truss-type plastic pipe

Styrene-rubber plastic pipe

This type of pipe is an extruded prodhisct and is available
in 10-ft kengths. Four sizes are produced, each with o crush-
ing stremgth of 1000 b per lin 1. The dimensional charse
teristics of this type of pipe, as given in C5-228.6], are
felllovivg
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Fig. 18. Cross section of truss-type ABS plastic pipe.
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THBLE 15—DATA ON TRESS-TYPE FLASTIC FIPE

Pipe size
Baguisr Lafra .
sirangth aErmmgth Lengih Wi g L
{in, [im. [iL] [lk s Ly
et ] 6104, 12.172 .
et [ 6ol /4, 1212 -
£ G-1/4, 12152 g
151} G-1,4, 1313 11
12 .. Beld, 13152 15
15 G174, 12172 o5

The pape has a tensile strength of 00D psi, an impact
dremgih of 3.2 [tslb per in, notch, and an elongation of 17
percenl. In is resistant to acids, detergents, caustics, and or-
tmary domestic wastewater,

Jainting is done by the solvent-weld method fo form lenk-
prood and rootprood joims. All types of fttings are availahle,

Faslic truss pipe

This type of plastic pipe (Fig, 18) ¢onsists of two inber-
mecied walls of acryvlonitrile-butadiene-siyrene (ABS)
sl bl together by a truss of the same material, with the
wids filled with lighiweight concrede.

DERIGN

The lightweight congrete in the voids of truss-iype plas-
& pipe helps to corry the compressive load and provides
bieral support for the truss members. Tensile stresses ang
auried by the pipe wall

Either of two methods may be wsed in calculating the

megessary resistance or supporiing sirength for backfill boad-
B the deflection design method of the ring compression
method ™ Tests using the latter design mothod indicate tha
e maximum backfill depih should be 48 i, based on a
prea wall stremgth, o sofl weight of 100 0b per eu 1, and a
alety facvor of .0,
The maximum recommended permissble design deflec-
B s 5 percent in a peniod of 12 months, Field tests indi=
e that where bediding is good, the maximum deflection
soled was 2 percent in |12 months.

CHARACTERISTICS

Trus-tvpe plastic pipe is relatively light in weight and,
b of s composition, is guite durable for sewer in-
1ons 11 has o high resistance o abrasion, freezing, amad
hl'il:l:.. amd 1= not alfected struciurally ot femperabenes up
B 1¥° F, Thermal expansion is nad significant over normal
mballation ranges. This type of pipe is chemically resistant
I bypdrogen sulfide amd acids in concentrations up to § per-

Minimum specification (ASTM D-18617) for crushing
i 15060 Ib per lin fi, but tests on 8-in. pipe show
petwmen G0 andd £33 FL b cousbing strengob cangss
2000 1o 1650 Ib per lin ft
Good hydraulic flow  characteristics resull  from  the
surfaee of the interior wall of the pipe. As produced,
type of pipe is stated o have a Manning n value of

IFACTURE AMD TESTING

Tness-type plastic pipe 5 made by an extrusion process
forms bodh the walls and the truss arrangement simul-
v. Data on pipe sizes amd weights are given in Ta-
9. Joamting s accomplished by chemical {solvent)
1o prosluce o sewer that is lenkproof, and resists roat
ration, and infiltrntion, Al types of fittings are avail-

Plastic pipe {15%in.) for sewar ling in Mew York State.

Laboratory tests made on pipe after manufacture include
haam dests andd impact dests, By 1]'re~:.'i.1‘|cu1i|.1m of the mani-
facturer, truss pipe must show o leakage alter sustaining o
l<im, dbefection for 24 hr with a 1000 interna] waler head.
The reguired spans for the Bexural test wre B2, 90, %6, and
11 i, for pipe diameters of 8, 10, 12, and 15 in., respec-
tively, Beam tests on 8-in, pipe show deflections of 1, 2, or
¥im in a 10-ft span, with respective loads of 870, 1460,
and 15900 Ik,

Plastic-lined pipe

Saeel pipe that has a plastic lining may be comsidered as
Mastic lined sfeel pipe: it also miay be considersd as steel
armored plastic pipe. In this manual, this type of pipe is
termeed plastic-lined pipe.

The preatest use of plastic-lined pipe is in handling cor-
riosive chemicals, Currenily, the most importand application
of plastic-lined pipe in the wastewater field is in the disposal
of chemical wasies into underground sells,

DESIGN AMD MANIUFACTURE

Plastic-lined stegl pipe is produced with three types of
exiruded liners, namely, saran, Penion, and polypropylens,
These liners are tough and stabilized; they range in thick-
ness feom 5032 o 9/ 32 in. They are bocked in place on the
isde of the steel pipe walls by a force of several thousand
pounds per square inch. The result is a thick-walled pipe
with o heavy steel shell, the two layers being virtwally maonoe-
lithic. The pipe thus produced s suitable for use af tem-
peratures [rom —20 1 2007 F or higher, Pipe is available
im osiees (oo [ oo 8 o, wedgbdog oo 24 o 284 B per
fi; it is mace in 10 ft lengths.

In anasther manufacturing prooess, a special polvethylens
co-palvmer is honded 1o bath the insicle and owlside of sieel
pipe. This type of pipe is produced in approximately 30-fi
lengths, with coatings of plastic 30 mils thick. Pipe sizes
(diameiers)y available include 2, 3, 4, 6, and B in. The
weight of this pipe ranges from 1.73 to 10.7 1b per f1. Joints
are couplings or flanges.

The mcthod for lining concrete pipe with plastic was
previowsly deseribed (Part 2, Section 8],

Manufacturers

Companics that produce  acrylonitrile-hutadiene-styrene
(ABS), polvethylene (PE). polyvinyl chloride (PO, or
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styrene rubber plastic sewer pipe include the following:
(AN the companies listed do net necessarily produce all
types of plastic pipes.)

Anesite Div., Clow Corp., Chicago, 1L

Can-Tex Industries, Imc., Mineral Wells, Tex.

Carlon Prodects Corp., Aurora, (hio

Celanese Plastics Co., Columbus, Ohic

Dian-dee Products Corp., Union City, Calif,

Ethyl Corp., Visqueen Div., Baton Rouge, La.

Evanite Plastic Co., Carrolion, Ohio

Flintkote Corp., Orangeburg, M. Y,

Liering Plastics Co., Div. of Monsanto, Kenilworth, M, I,

Haveg Industries, Inc., Amco Pipe, Wilmington, Del,

Johns-Mamville Corp,, New York, M. ¥.

U, 5. Pipe & Foumiry Co,, Birmingharm, Ala,

Companies that produce plastic-lined pipe or plastic liners
inglude the following:

Amereoat Corp., Brea, Calif,

Do Chemical Corp., Micland, Mich.

Imternational Protected Metals, Inc., Souwlth Plainfield,

M. 1
Companics that produce truss-tvpe plastic pipe inchade;
Armco Steel Corp., Metal Products Div., Middletown,
il
Robinson Clay Product Co., Akron, Ohio

Section 10—Reinforced Resin Pipe

For the purposes of this manual, fiberglass reinforced
pipe is nod defined as plastic pipe because the COMpOsition
and methods of manufacture differ from those of the plastic
pipe discussed in the previous section. Commercial products
on the market carry registered trade naomes that do mot in-
dicate the composition of the pipe. At least two major types
of reinforeed resin paper are available commercially,

Reinforced opoxy or polyester plastic

This type of pipe, sometimes termed simply GRP [ glass-
reinforced pipe), is composed of fiberglass reinforced epoxy
resin or palyvinyl ester. At least one commercial product
5 available in three classes. When epoxy resin i used, it
meets ASTM Spec. Des, 1T63-63. The pipe is tested for
various characteristics in accordance with several applicable
ASTM specifications. Each pgrade of pipe has a different
lemperature range resistance; the thermal expansion coeffi-
cient of the pipe in diameters from 4 0 12 in. Is approxi-
mately 9 x 0% in, per in. per degree F, The pipe has a
low hydraulic-low friction coefficient; the Hazen-Williams
Covalee being stated by one manulsciurer as 1500

Glass-reinforced piping is available in 15 and 20 fi
lengths and in diameters from 2 to 24 in., but larger di-
ameters can be obtpined for special npplications. In one
process of manufacture, the pipe is built up by laminations,
a5 folbows:

Inner surface—0.00 1o 002 in. smooth resinerich in-
terior, reinforced with surfacing mat or veiling.

MNext interior iver—A0.1 in. (minimum)  chemical-re-
sistant layer, 25 to 30 porcent glass by weight.

Remaining interior layers—wvaried thickness of glass and
resin to obtain the required laminate strength.

Exterior surface—resin-rich surface, reinforced with a
surfacing mat,

This type of pipe has high corrosion resistance but mot
necessarily ahrasion resivance, The corrosion resistance is
provided by the resing the strength by the fiberglnss, Best
corrosion-resistance/ sireagth  characieristics are  obtained
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TABLE HM—DATA ON GLASS-REINFORCED PIFE®

Class 25 Clasg 3530 Class

Size (in)** 2-12 2-12 =1
Wall thickness {in.) 0.2=0,3%  0,250.3 0,304
Weight {1k} 0083570 1.75-8.0 1AM
Collapse pressure al 8°F

{psi) 1756 350-10 -5
Awial lopd pressure at

BIF 3000-1,000  S000-35,000 &500-17,
Internal pressure

resistance at 200°F (psi) 200-130 =150 A00-240

= Chavws MOOE s siilabili Tes uda femperaiunres up 1o X0°F, Clesses
and HHD at temsparaluras wp ba J0FF,

+;:E§""'" infide pips dismietens available are: 2, 2102, 1 4, B EMN
A in.

TAELE 11—DATA OM REINFORCED PLASTIC MOETAR FIPE

Waight ik /1)
Fipa sicm L haad High hisd
(in.} {125 1) )
3 UL 5.5
] I.o 7.0
12 9.5 2.0
15 12,0 10.5
18 15.5 15.0
21 19.0 Fai i ]
24 21.0 n.a
aF Za.0 5.5
30 3B.9 .o
ix 43.0 s
[ 17.5 44,5
) B0.0 52.5
42 9.5 G1.0
44 0.5 Ba.0

with 25 to 40 percent glass and 75 o 60 percenmt pesin,
Coupling joints may be threaded, solvent-welded, or mads
with risin coatings,

This type of pipe has been found vseful in induesril
wasles systems, particularly for deep-well disposal of indus-
trial wastes, Table 20 lists the characteristics of three classes
al pipe produced by one manufacturer,

Reintorced plastic-mortar pipe

Reinforced plastic momar pipe has a composite strociuns
(Fag. 19) of synthetic polyester amd sand mortar reinfonced
with continsous plass fibers.

This type of pipe s manufactured in ewo classes: low
head (123 ft), and high head (200 fit). Becauwse the high
hewd pipe will be subjected v higher intermal  pressures,
it contains & larger percentage of renflorcing glass flnmenis
and less sand filier; consequently it weighs less per fom
(Table 21}, Wall thickness for the low head pipe rangs
from g nominal 0.2 in. for &-in diam. pipe (o shout 0.4 in,
for the 48-in. pipe size. The wall thickness of high hesd
pipe is similar to that of low-hewsd pipe but in some cases i
may bhe slightly less, Mominal weights per foot are shosm
in Tahle 21.

Thiz type of pipe is manolactured i standard 10 f
laying lengths, but 20 ft lengths may be obtained. Mo pub-
lished dats are available ot this time on the pipe's suppon-
ing strength for backfill leads in trenches, The material in
this iype of pipe will not react with the acids and chemicals
normally encountercd in domestic or industrial wastewaten
or with corrosive sofls, It is also resistant to electrolviic oo
galvanic corrosion amd hydrogen sulfide. The internal sur-
face of this pipe is extremely smoodh and for hydravlic fow
design caleulations, the manufacturer recommends a Man-
ning's n value of 00009,
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