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Strength and Dynamic Characteristics

of

Gasket-Jointed Concrete Water Pipelines

by

R.J. Kratky and M.G. Salvadori

I. SCOPE

The purpose of this report is to extend to gasket-jointed concrete water

pipelines the information given in Weidlinger Associates (WA) previous reports IR-~

and IR-3a on cast-iron pipelines.

The report consists of 10 parts dealing with the following topics:

I. Scope.

II. Types of concrete pipe and their usage.

III. Specifications.

IV. Reinforced concrete and prestressed concrete pipe design.

V. Pipe and joint behavior (static and dynamic ).

VI. Ultimate material strengths and damage matrices.

VII. State of the art of pipe design.

VIII. Conclusions and recommendations.

IX. Acknowledgements.

x. Bibliography (subdivided by sections).

Since the research based on NSF Grant No. 76 has the ~ndamental purpose

of establishing a methodology for the study of earthquake effects on pipelines,

this report, while generally describing the most commonly used types of concrete

pipes, deals in detail with only two such types: the prestressed concrete cylinder
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pipe (PCC) and the prestressed concrete embedded cylinder pipe (PCEC). As in the

preceding reports, only straight jointed pipelines are considered. Hence, the

effects of major changes in the direction of the pipeline, requiring special

connectors and fittings, and anchorage blocks are ignored.

A description of the actual performance of S08e existing concrete pipelines,

including dates of installation and types of failure, is included. Available

test data on pipes and joints is considered, even though it is very scant.

The general design methods used by,the manufacturing industry are illustrated

by means of examples and a brief review of the recommendations on pipe design

by the Bureau of Reclamation (BuRec) and the American Water Works Association

(AWWA) is given.

II. TYPES OF CONCRETE PIPE AND THEIR USAGE

1. Concrete pipe classification and uses.

The most concise and clear classification of concrete pressure-pipe into

6 categories is given in "Installation of Concrete Pipe" (AWI,-JA No. H9), and is

here reproduced on pages 3-7.

Of the 6 types mentioned in AWWANo. M9 the "Noncylinder Concrete Pipe,

Prestressed (PC)" is seldom if ever used in the United States. For simplicity

of reference the other 5 types have been labeled as follows in this report:

a) Noncylinder Nonprestressed Concrete Pipe = RC

b) Nonprestressed Concrete Cylinder Pipe RCC

c) Pre tensioned Concrete Cylinder Pipe = RCCP

d) Prestressed Concrete Cylinder Pipe = PCC

e) Embedded Cylinder Prestressed Concrete Pipe = PCEC

The first 3 types use only reinforcing bars, while the last 2 types use

prestressing wire, and reinforcing bars only locally.

2. Geometrical characteristics

The following figures 6-10 and Tables I-V give the geometrical and physical/

(cont'd on p.13)
-2-



AWWA MANUAL No. M9

I. Purpose and Scope

THE last 20 years of the 50-year
history of the concrete pipe in

dust!), have been characterized by a
rapid increase in the use of concrete
pressure pipe in the water supply field.
This trend has been brought about by
improvements in design and manufac
turing and by the introduction of new
types of pipe.

l\I:1ny persons in the water supply
field are not familiar with the various
kinds of concrete pressure pipe that
are available today and with methods
that are in use for handling and in
stalling the pipe. The purpose of this
report· is to prO\·ide descriptions of
available concrete pressure pipe and
suggestions for installation based on
experience in various parts of the

United States. The report includes
the procedures used in layout, trans·
portation, trenching, installation, back.
filling, special construction, field test·
ing, sterilization, and making taps and
connections. It is not intended to pro.
vide standards or specifications for the
design, manufacture, or installation of
concrete pressure pipe.

!·.Iuch of the information contained
in this report has been published previ.
ously in the form of descriptive articles
on specific installations and in instruc·
tions published by manufacturers of
concrete pressure pipe. The members
of AW\VA Committee 8320 D-Re·
inforced Concrete Pipe, however, be
lieve that there is a need for pre·
senting this information in a single
document.

2. Description of Concrete Pressure Pipe

The types of concrete pressure pipe
now manufactured are relatively new.
Their use, however, has increased at
a rapid rate in all parts of the United
States.

The first reinforced concrete steel
cylinder pressure pipeline was a 36-in.
diameter line constructed at Cumber
land, Md., in 1919. Prestressed con-

-3-

crete steel cylinder pipe was first used
for water service in the United States
in 1942. Since that time, many mil·
lions of feet of the pipe have been
manufactured and installed in this
country. In the western and south
wester~ parts of the United States, a
type of concrete pressure pipe gener
ally known as pretensioned concrete
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N'onp1'estll~ssed Concrete Cylinder
Pipe RCC

Longitudinal
Reinforcement

Mortar, Placed After Installation

Mortar, Placed
After Installation

From 1920 to about 1940, most of
the concrete pressure pipe used in the
United States by the water supply
industry was steel cylinder concrete
pipe that was not prestressed. More
than 12,000,000 ft of this pipe has
been installed to date. It is manufac
tured in sizes ranging from 2 ft to
more than 12 ft in diameter and for
working pressures as high as about
260 psi.

Nonprestressed concrete cylinder
pipe, as manufactured today, consists
of a welded steel sheet or steel plate

Fig. 1. Cross Section of Nonprestressed cylinder with steel joint rings welded
Concrete Cylinder :Pipe and Joint RCC to its ends; a reinforcing cage or cages

of steel rods or bars surrounding the
cylinder; a wall of dense concrete
covering the steel cylinder inside and
out; and a preformed gasket of rubber
for providing the joint seal (Fig. 1).
Each steel cylinder, with joint rings
attached. is tested hydrostatically for
watertightness before it is encased in
concrete. Prior to about 1935, a pre
formed lead gasket, calked from the
inside, was used instead of a rubber
gasket.

The concrete inside and outside the
cylinder· 'is, applied by vertical casting
and mechaniCal vibration. Curing is
accomplished by means of water or
steam. The pipe generally is made

cylinder pipe has been used extensively
for a number of years. Another type
that has been used, principally for low
pressure lines, is noncylinder concrete
pressure pipe that is not prestressed.
Within the past 20 years, prestressed
concrete pipe that does not contain a
cylinder has been developed and used
principally outside of the United
States.

The concrete both withilt and olttside tlze
steel c)'linder is applied by vertical cast
ing and 1.!ibratioll. C11ring is do)te by
means of water or steam. Afortar is

placed after installation.

Bell Rin,

Fig. 2. Lined-Cylinder Prestressed Concrete :Pipe and Joint PC C

The cylinder is li1led celltriftlgall)' witIt de1lse concrete, and high-tensile wire is
wrapped arOlUld tlte steel c')'linder. The wrapped core is the)1 covered with a mortoT

coating. loint mortar is placed after installation.
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CONCRETE PIPE INSTALLATION

in 12-, 16-, or 20-ft lengths. The
circumferential steel of the cage pro
vides about 4Q-80 per cent of the
reinforcement.

Prestressed CO:;'lcrete Cylinder Pipe
PCC

Prestressed concrete cylinder pipe
was first produced in the United
States in 1942 for the cities of Pen
niman, Va., and Hyattsville, Md.
Because of its many advantages, in
cluding low cost of production and ex
cellent performance under various in
ternal pressures and external loading
conditions, it has rapidly gained favor
with the water supply industry. Since
1942, about 16,000,000 ft of this pipe,
16-120 in. in diameter, has been manu
factured in the United States.

generally available with diameters of
24-72 in. and is designed for pressures
as high as 350 psi. Pipe with larger
diameters has been constructed. Fig.
2 shows a closed section of the joint
of a typical lined-cylinder prestressed
concrete steel cylinder pipe.

The welded steel cylinder with joint
rings attached is made and tested in
the same manner as the nonprestressed
cylinder pipe. It is then lined centrifu
gally with dense concrete by a method
that rapidly revolves the pipe in a hori
zontal position. The lined cylinder is
cured, and high-tensile wire is wrapped
around the core directly on the steel
cylinder. The tension of the wire is
measured accurately and constantly to
produce a predetermined residual com
pression in the core. Spacing and

Tension-Wound
Circumferential Wire

Mortar, Placed
After Installation

Steel
Cylinder

l'1g. 3. Embedded-Cylinder Prestressed Concrete Pipe and Joint PCEC

In this type of pipe, the tension-wound wire, instead of being 'llJrappea arollna the
steel, is u:raP/'ea around a concrete core in which the steel cylinder is embedded.

The two general types of prestressed
concrete steel cylinder pipe are: (1)
pipe with a steel cylinder lined with a
concrete core, and (2) pipe with a
steel cylinder embedded in a concrete
core. The first or original type is
supplied with diameters of 16-48 in.
and is designed for pressures as high
as 250 psi. The embedded-cylinder
type. which was developed later. is

size of wire are determined by design
requirements. The wrapped core is
then covered by a dense, premixed
mortar coating about *in. thick, ap
plied by an impact method.

A recent development in prestressed
cylinder pipe is the embedded cylinder.
a section of which is shown in Fig. 3.
The cylinder and joint rings for
embedded-cylinder pipe are constructed
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in the same manner as for the other
types of cylinder pipe. The completed
cylinder with joint rings is then em
bedded in concrete by vertical casting.
After the concrete is cured, the wire
reinforcement is wound around the
outside 6f the concrete core that con
tains the cylinder, instead of being
wound directly on the cylinder. An
exterior coating of premixed mortar
is applied by an impact method or by
the vertical-casting method. This type
of construction has been found to be
superior for large-diameter pipe and

cement mortar 0.5 in. thick on 16-in.
and smaller pipe, and 0.75 in. thick
on IS-in. and larger pipe. Reinforcing
rods are then wound under measured
tension around the lined cylinder. To
complete the pipe, a 0.75-in. mortar
coating (measured from the rod) is
applied by means of mechanical or
pneumatic projection.

This type of pipe generally is made
with diameters of 10-36 in. and is
available with diameters as large as
72 in. The pipe sections are usually
32 ft long and lighter in weight than

Fig. 4. Pretensloned Concrete Cylinder Pipe and Joint RCC p

Al/lto!l!J1z similar to lin('d-c~,o/inder prestressed C01!Cre/e pil'e (Fig. 2), prelensioned
concrete c)'linder pipe is lighter aI!d less costly, It is not as rigid as tire former kind
of pipe Gild is flsed primarily il~ places 'iL'here f't is 'lOt likdy to ulldergo extreme

txlenla! loads.

for pipe designed for comparatively
high pressures.

Pretensi.cned Concrete Cyllnder
Plpe RCCP

Pretensioned concrete cylinder pipe
(Fig. 4) is manufactured and used for
moderate- and high-pressure service
in the 'western and southwestern parts
of the United States. The steel cylin
der may be formed as a helically
welded tube or as a tube with longi
tudinal seams. The steel joint rings
are attached in the same general man
ner as for other types of concrete pres
sure pipe. The steel used for the cyl
inder is generally heavier, size for size
and class for class, than that used for
other types of concrete pipe with steel
cylinders. The cylinder is lined with

-6-

vertically cast pipe of the same size.
Pretensioned concrete pipe is a semi

rigid pipe. It deflects slightly from
external loads. Care should be exer
cised in providing proper bedding and
hackfill, particularly with sizes greater
than 36 in. rD. These are important
factors in developing the full external
load carrying capacities of this type
of pipe.

Noncyl:nder Concrete Pipe. NonprG
stressed - R C
Noncylinder pipe that is not pre

stressed has .been used extensively in
the water supply industry for low-head
transmission lines. It generally is not
used where internnl pressures are
greater than about 45 psi. It is made
with a rubber and s·eel joint, although
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a similar type of joint with concrete
forming the bell and spigot is some
times used. It is made with either
one or more reinforcing cages and with
diameters of 12-144 in. Concrete gen
erally is applied centrifugally or by
vertical" casting. Figure 5 shows a sec
tion of this type of pipe with two re
inforcing cages and a rubber and steel
joint.

Rubber Gasket

(
longitudinal

Reinforcement

Fig. 5. Noncyllnder Nonprestressed
Concrete Pipe and Joint - R C

The pipe shonrn has t'ZlJO reinforcing
cages. althollgh the number of cages may
vary. The joint mflV also be formed by
a concrete bell anu spigot. bllt the Jlse

of steel is more common.

Noncylinder Concrete Pipe. Pre
stressed - P C

Prestressed concrete pressure pipe
was first produced commercially in
France in 1937. Since that time, this
pipe has been manufactured and used
with varying degrees of success in a
number of places outside the United
States. Only a small number of in
stallations of prestressed noncvlinder
pipe have been made in the United
States, including installations made in
1941 and 1943 at Chicago. But some
manufacturers in this country have
spent much time and effort in research
to,,;ard development of an acceptable
noncylinder prestressed pipe that call
be manufactured economically.

-7-
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JOINT DETAilS

FIG. 6

NOMINAL INSIDE NOMINAL WALL NOMINAL STANDARD NORMAl. MAXIMUM WEIGHT
DIAMETER THICKNESS LENGTH OPERATING HEAD PER FOOT

24" 3-1/2" 16' 60' 3401bs.
30" 3-1/2" 16' 60' 4201bs.
36" 4" 16' 65' 5651bs.
42" 4·1/2" 16' 70' 7301bs.
48" 5" 16' 75' 9201bs.
54" 5-1/2" 16' 85' 11301bs.
60" 6" 16' 90' 13601bs.
66" 6·1/2" 16' 95' 16151bs.
78" 7·1/2" 16' 110' 21801bs.
84" 8" 16' 115' 25001bs.
90" 8-3/4" 16' 115' 30201bs.
96" 9" 16' 120' 32001bs.

102" 9-1/2" 16' 120' 35851bs.
108" 10" 16' 120' 39601bs.
120" 10" 16' 120' 43851bs.
126" 10-1/2" 16' 120' 48301bs.
132" 11" 16' 120' 53001bs.
144" 12" 16' 120' 63001bs.
156" 13" 10' 120' 74201bs.

TABLE FOR GENERAL AVAILABILITY OF PIPE PARAMETERS

TABLE I (From- Ref. 2)
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Steellplgot ring
Joint
cleptl1

Steel cylinder
Nominal

pipe diameter

Mortar placed a,ter installation
if required

JOINT DETAIL

FIG. 7

AWWA C300 PIPE REQUIREMENTS

_AND WEIGHTS FOR RCC PIPE

MINIMUM THICKNESS
WEIGHT

PIPE 10
TOTAL CONCRETE(in,) PER FOOT

PIPE WALL (in,) LINING (in.)

24 3~ 1 349

30 3~ 1 421

36 4 1 567

42 412 1 734

48 5 1~ 931

54 5% 1Y4 1141

60 6 tY4 1373

66 61,2 1~ 1637

72 7 1~ 1912

78 7¥l 1~ 2208
84 8 11k 2526

90 8 1~ 2699

96 8~ 13,4 3048
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RCC P- REI NF0RCEO CO NCRETEeYIIN0ER PRE TEN SION E0 PIP E

'reteneloned Rode Flex prote. or morter pieced
du,Ina instatfation

JOINT DETAIL
FIG. 8

TYPICAL DESIGNS (fs = 16,500 psi) FOR RCCP PIPES

Pipe Inside Diameter (Inches) 12 14 16 18 20 21 24 27 30 33 36 39 42

Cylinder Outside Dia. linches) 13"'8 15% 11"'. 19* 21* 22* 25¥- 28* 31 7
/8 347/8 37 7

/e 407/8 437
/8

100 psi
AT (lnches2/Foot) 0.99 0.99 0.99 1.07 1.07 1.07 1.14 1.17 1.20 1.24 1.44 1.48 1.69

CVlinder t (I riches) 0.060 0.060 0.060 0.067 0.067 0.067 0.075 0.075 0.Q75 0.075 0.090 0.090 0.106

· Wire or Bar Diameter IInches) 0.207 0.207 0.207 0.207 0.207 0.207 0.207 0.207 0.207 0.207 0.250 0.250 0.250

Bell t (I nchesl 0.132 0.132 0.132 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190

Pipe Weight (Pound/Footl 85 90 105 135 150 155 175 200 225 245 270 300 320

150 psi 12 14 16 18 20 21 24 27 30 33 36 39 I 42

AT (lnches2/Footl 0.99 0.99 0.99 1.07 1.18 1.24 1.39 1.56 1.73 1.89 2.05 2.22 2.38

Cylinder t (I nches) 0.060 0.060 0.060 0.067 0.067 0.067 0.075 0.075 0.106 0.106 0.1061 0.106' 0.140

Wire or Bar Diameter II nchesl 0.207 0.207 0.207 0.207 0.207 0.250 0.250 0.313 0.250 0.313 0.375 0.375 0.375

Bell t IInches} 0.132 0.132 0.132 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190

Pipe Weight (Pound/Footl 85 90 105 135 150 160 180 210 240 265 295 325 350

200 psi 12 14 16 18 20 21 24 27 30 33 36 39 42

AT (/nches2/Footl 0.99 1.10 1.26 1.43 1.57 1.65 1.86 2.08 2.30 2.52 2.74 2.96 3.17
Cylinder t (I nches) 0.060 0.060 0.060 0.067 0.075 0.075 0.106 0.106 0.106 0.140 0.140 0.140 0.170
Wire or Bar Diameter (Inches) 0.207 0.207 0.250 0.313 0.313 0.313 0.313 0.375 0.375 0.375 0.438 0.438 0.438
Bell t (I nches) 0.132 0.132 0.132 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190

· Pipe Weight (Pound/Footl 85 95 110 140 160 170 190 225 260 290 320 350 380

250 psi 12 14 16 18 20 21 24 27 30 33 36 39 42

AT (lnches2/Footl 1.21 1.38 1.57 1.78 1.96 2.05 2.32 2.59 2.88 3.14 3.41 3.68 3.96

Cylinder t (I nchesl 0.060 0.067 0.075 0.106 0.106 0.106 0.140 0.140 0.140 0.170 0.170 0.180 0.180

Wire or Bar Diameter (lnchesl 0.250 0.313 0.313 0.313 0.313 0.375 0.313 0.375 0.438 0.438 0.500 0.500 0.500
Bell t IInches) 0.132 0.132 0.132 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.250 0.250 0:250
Pipe Weight (Pound/Footl 90 100 120 150 165 180 205 240 280 315 350 380 415

300 psi 12 14 16 18 20 21 24 27 30 33 36 39 42
·AT (lnches2/Footl 1.45 1.65 1.87 2.14 2.35 2.46 2.78 3.11 3.44 3.77 4.09 4.42 4.75
Cylinder t (lnchesl 0.067 0.075 0.106 0.106 0.140 0.140 0.140 0.170 0.170 0.180 0.212 0.212 0.212
Wire or Bar Diameter (I nchesl 0.313 0.313 0.313 0.375 0.375 0.375 0.438 0.438 0.500 0~500 0.500 0.500 0.500
BeU t (I nchesl 0.132 0.132 0.132 0.190 0.190 0.190 0.190 0.190 0.250 0.250 0.250 0.250 0.250

.Pipe Weight (Pound/Food 95 105 125 155 175 190 215 255 295 340 380 410 440

~~LE m (From Ref. 6)





pee - PRESTRESSED CONCRETE CYLINDER PIPE

.".

'LEx PIlOT[)< 0If MORTAIl PLACED
IlUlING Ih$TALLATION

:' ...:'-::.. :. '~' .. , .....•

: '~"; '.'

. ' ..... :." '.

: :'...
. ....

. - .' ....
" ....

MORT..R P\.ACEO AFTER
lNSTALL.OTION 'IF AEOUlAED

" ... "

. ". :. ~-: .. " ' .

JOINT DETAI LS

FIG. 9

Core Thickness Minimum
Nominal Including Mortar Coating Nominal
Diameter Cylinder Thickness Length Weight

inches inches inches feet Ibs./ft.

16 1 13/16 16 or 20 125
18 1·1/8 13/16 16 or 20 145
20 1·1/4 13/16 16 or 20 170
24 1·1/2 13/16 16 or 20 225
27 1·11/16 13/16 16 or 20 270
30 1·7/8 13/16 16 or 20 325
36 2·1/4 13/16 16 or 20 430
42 2·5/8 13/16 16 or 20 555
48 3 13/16 16 or 20 700
54 3·3/8 13/16 16 or 20 855
60 3-3/4 13/16 16 or 20 1,030
66 4-1/8 13/16 16 or 20 1,215
72 4-1/2 13/16 16 or 20 1,420

Available length is a function qf individual plant capabilities.

TABLE m
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PCEC- PRESTRESSED CONCRETE EMBEDDED CYLINDER PIPE

..

CO'<CMT£ ()It MORTAR
COATING

...
..

COA~_~SS

....•. ' ..... "

:•.... :. :.0:
. .. . •. : COM.•.. ·<T

~:Ul_-j

TAR Pl.ACED AfTER
IfoISTALLATIO'"

MORTAR 'LACED AFT[IIt
IlSTAlLATOl" REOUIRED

....

JOINT DETAilS
FIG. 10

Minimum Nominal Standard Cores 0/16 Cores

Mortar Concrete Weight Ibs/ft. Weight Ibs/ft.
Nominal Nominal Coating Coating Core With With Core With
Diameter length Thickness Thickness Thickness Mortar Concrete Thickness Mortar

inches feet inches inches inches Coating Coating inches Coating

24 16 or 20 13116 2-1/4 300
30 16 or 20 13/16 2·1/4 365
36 16 or 20 13/16 2·1/4 430 2·1/4 430
42 16 or 20 13/16 2-5/8 555 2-5/8 555
48 16 or 20 13/16 3 700 3 700

54 16 or 20 13/16 4 985 3-3/8 855
60 16 or 20 13/16 4-1/2 1200 3-3/4 1030
66 16 or 20 13/16 1·1/2 5 1440 1615 4-1/8 1215
72 16 or 20 13/16 1·1/2 5-1/2 1700 1885 4-1/2 1420
78 16 or 20 13/16 1-1/2 6 1980 2180 4-7/8 1605

84 16 or 20 13/16 1-1/2 6-1/2 2275 2500 5-1/4 1870
90 160r 20 13/16 1·1/2 6·1/2 2410 2660 5-5/8 2100
96 16 or 20 13/16 1·1/2 6·1/2 2570 2885 6 2390

102 16 or 20 13/16 1-1/2 6-1/2 2735 2990 6-3/8 2690
108 16 or 20 13/16 1·1/2 7 3080 3335 6-3/4 2960

114 16 13/16 1-1/2 7-1/8 3300
120 16 1 2 8 3935 4385 7-1/2 3705
126 16 1 2 8·1/2 4355 4830 7·7/8 4055
132 16 1 2 8-1/4 4420
138 16 1 2 8-5/8 4800
144 12 1 2 5750 6300 9 5200

Available lengths, coating type and core thickness are functions of individual plant capabilities.

TABLE V (From Ref·. 2)
-/~-





characteristics of the most commonly used 5 types of standard pipe described

in 11.1 - larger diameter pipe is made according to customer's specifications.

3. Usage conditions

Table I of WA Report IR-3 contains the basic-usage information data for

all types of pipe, including reinforced concrete and prestressed concrete

pipe. The data in this table cover: design pressures, diameters, lengths,

thicknesses, joints, lining, material properties, laying conditions and design

criteria.

The following Figs. 11, 12 and 13 illustrate in greater detail the bedding

conditions for concrete pipes, in terms of pipe geometry, bedding materials

and load factors. Tables VI and VII give the load factors Lf for circular pipes

with positive projecting embankment. The bedding classes (A,B,C,D), and the

parameters Ht B and the projection ratio p in these tables are defined in
c

Figs. 12 and 13, and r sd is the settlement ratio:

r
sd

s = settlement of the adjacent soil of height p B c'm

S = settlement of natural ground or compacted fill, surface adjacent to pipe,
g

Sf = settlement of ilie pipe into its bedding foundation,

d = deflection of the vertical height of pipe,
c

B = outside diameter of pipe,
c

(see Ref. 1 Concrete Pipe Design Manual, American Concrete Pipe Association,

Feb., 1974).
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TRENCH BEDDINGS

~_~~Compacted
ron"lo, Mot.rial

1·1/4 Be
Be +8" min.

d
~ "'"... m /.

CONCRETE ARCH

1/8 H
6" min• ..JL-'~~~-:--"-:":::.c.

Plain or Reinforced
Concrate 2000 psi min:.--4f4.~'J

CLASS A
Reinfo.eed A, =1.0" Lf =4.'
Reinfa.ced A.= 0.4" Lf =-3.4
Plain Lf =2.'

1-1/4 Bc

CONCRETE CRADLE

B +8" min,

Denseli
Compacted_~+-_
Backfill

1/4 Bc

d

12"
........ \.·· .." ..·~,·i.
.: ..... "'. .. .". ....

CUSS B
Lf =1.9

~ :. : I:
."' .....

: .
"

, "

12"
' .

•' ..E,..··-:•.;<~~---- Oansa'y

•
',' : ~ Compacted

_ P: Backfill----~....:.,,~.'

Fine G.anulal" ~~~;';~~
Fill Mote.ia'-

0.6 Be

SHAPED SUBGRADE WITH
GRANULAR FOUNDATION

~:;...g:..-l;:Compoeted
G,anula, Material

118 H
6" min.

Compactad G,anula,
Material or
Dense Iy Compacted
Backfill

~ ~1'0: ~

GRANULAR FOUNDATION

1/6 Be
d

CUSS C
Lf =1.5

0.5 Be I
SHAPED SUBGRADE

1/8 H
6"min.

CUSS D
Lf =1.1 Be : out.id. d iamet.,

H =backfill cove, above tap of pipe

o =inside diamete,
d =depth of bedding materi,,1

below pipe
A. =area of transverse steel in the

erocll. or oreh expressed as Q

percentage of area of concre'.
at invert or crown.

Oepth of Bedding
Mote,ial Below Pipa

0 d (min.)

27" & smaller 3"

30" to 60" 4"

66" & large, (j'

FLAT SUBGRADE

FIG. 12 (From Ref. 12)

,)"Co'





EMBANKMENT BEDDINGS
(FOR LOAD FACTOR LF SEE TABLES 1lI & mO

ROCK OR OTHER NONCOMPRESSIBLE FOUNDA
TION - Trench & Embankment beddings where I!!dge
rock, rocky or gravelly soil, hard pan or other unyielding
foundation material is encountered, the hard unyielding
material shall be excavated below the elevation of the
concrete cradle (Closs A) or the bottom of th.. pip.. or
pip.. bell (Class B & C Beddings) for a depth of at least
6 inches or l'1 inch for each foot of fi II over the top of the
pipe, whichever is greater, but not more than ~~the nominal
diameter of the pipe. For Class 0 Bedding, the depth
sholl be 6 inches. The widlh of the excavation shall
be one foot greater than the outside diameter of the pipe.
The excavation sholl be refilled with selected fine
compressible material, su~ as silty cloy or loom, lightly
compacted and shaped as required for the specified
class of bedding.

CLASS B

~::::::s-:---tci
II..
"E
Cl.

\\ ~~
Fine Granular
Fill Material
2" Minimum

SHAPED SUBGRAOE WITH
GRANULAR FOUNDATION

CLASS C

CLASS A

CONCRETE CRADLE

-->-t<~-Comp"cted
Granular
Material

GRANULAR
FOUNDATION

GRANULAR FOUNDAnONSHAPED SUBGRADE

CLASS D

FLAT SUBGRADE

0-
ci

u II

lIJ. ..
o
E
Cl.

'/

1/6B
c

Be =outside diameter

H = fill cover above top of pipe
D = Inside diameter

d = depth of bedd ing moterial
below pipe

)1-.1-'

--~~-Compocted
Granular
Material or
Densely
Compocted
Bockfi II

Depth of Bedding
Moteriol Below Pipe

0 d (min.)

21' & smaller 3"

3rt to 60" 4"
66" & 101ge, 6"

FIG 13
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LF - LOAD FACTORS FOR CIRCULAR PIPE
POSITIVE PROJECTING EMBANKMENT INSTALLATIONS

H CLASS A CLASS B
Be BEDDING BEDDING

p= O.t
rsclD = 0 0.1 0.3 0.5 1.0 rsdP = 0 0.1 0.3 0.5 1.0

0.5 11.26 8.87 8.87 8.87 8.87 4.19 3.82 3.81 3.81 3.81
1.0 6.61 5.37 5.37 5.37 5.37 3.34 3.00 300 3.00 3.00
1.5 5.81 4.83 4.47 4.47 4.47 3.13 2.83 2.71 2.71 2.71
2.0 5.48 ·4.49 4.35 4.19 4.19 3.03 2.77 2.67 2.61 2.61
3.0 5.18 4.50 4.21 4.06 3.88 2.94 2.72 2.62 2.56 2.50
5.0 4.97 4.37 4.11 3.97 3.81 2.88 2.67 2.58 2.52 2.46

10.0 4.82 4.28 4.04 3.90 3.76 2.83 2.64 2.55 2.50 2.44
15.0 4.77 4.25 4.01 3.88 3.74 2.81 2.63 2.54 2.49 2.43

p= 0.7

rsdD=O 0.1 0.3 0.5 1.0 rsd P = 0 0.1 0.3 0.5 1.0
0.5 7.52 6.54 6.54 6.54 6.54 3.00 2.88 2.&8 2.87 2.87
1.0 5.61 4.79 4.79 4.79 4.79 2.73 2.58 2.58 2.58 2.58
1.5 5.17 4.46 4.19 4.19 4.19 2.65 2.50 2.44 2.44 2.44
2.0 4.98 4.35 4.11 3.99 3.98 2.61 2.48 2.42 2.39 2.39
3.0 4.80 4.25 4.02 3.90 3.75 2.58 2.45 2.40 2.36 2.32
5.0 4.66 4.18 3.95 3.84 3.7C 2.55 2.43 2.38 2.35 2.31

10.0 4.57 4.12 3.91 3.79 3.66 2.53 2.42 2.36 2.33 2.30
15.0 4.53 4.09 3.89 3.77 3.65 2.52 2.41 2.36 2.33 2.29

p= 0.5

rscl P=0 0.1 0.3 0.5 1.0 rsd P= 0 0.1 0.3 0.5 1.0
0.5 4.84 4.54 4.55 4.55 4.55 2.37 2.33 2.33 2.33 2.33
1.0 4.33 3.97 3.97 3.97 3.97 2.31 2.25 2.25 2.25 2.25
1.5 4.18 3.83 3.68 3.68 3.68 2.28 2.23 2.20 2.20 2.20
2.0 4.11 3.79 3.65 3.58 3.58 2.27 2.22 2.20 2.19 2.18
3.0 4.04 3.75 3.62 3.54 3.45 2.26 2.22 2.19 2.18 2.16
5.0 3.99 3.72 3.58 3.51 3.43 2.26 2.21 2.19 2.17 2.16

10.0 3.95 3.69 3.56 3.49 3.41 2.25 2.20 2.18 2.17 2.15
15.0 3.94 3.68 3.56 3.48 3.40 2.25 2.20 2.18 2.17 2.15

p= 0.3

rsclp=O 0.1 0.3 0.5 1.0 rsd P= 0 0.1 .0.3 0.5 1.0
0.5 3.49 3.41 3.41 3.41 3.41 2.11 2.10 2.10 2.10 2.10
1.0 3.40 3.28 3.28 3.28 3.28 2.10 2.08 2.08 2.08 2.08
1.5 . 3.37 3.25 3.20 3.20 3.20 2.09 2.08 2.07 2.07 2.07
2.0 3.35 3.24 3.20 3.16 3.16 2.09 2.08 2.07 2.07 2.07
3.0 3.34 3.23 3.18 3.15 3.11 2.09 2.08 2.07 2.07 2.06
5.0 3.33 3.22 3.17 3.14 3.11 2.09 2.08 2.07 2.07 2.06

10.0 3.32 3.22 3.17 3.14 3.10 2.09 2.08 2.07 2.07 2.06
15.0 3.32 3.22 3.17 3.14 3.10 2.09 2.08 2.07 2.07 2.06

ZERO PROJECTING

2.83 2.02

TABLE 1lI
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LF - LOAD FACTORS FOR CIRCULAR PIPE
POSITIVE PRO.IECTING EMBANKMENT INSTALLATIONS

H CLASS C CLASS D
Be BEDDING BEDDING

p= 0.9

rsd P = 0 0.1 0.3 0.5 1.0 fsdP = 0 0.1 0.3 0.5 1.0
0.5 3.01 2.82 2.82 2.82. 2.82 1.51 1.46 1.46 1.46 1.46
1.0 2.55 2.35 2.35 2.35 2.35 1.39 1.33 1.33 1.33 1.33
1.5 2.42 2.26 2.16 2.16 2.16 1.35 1.29 1.27 1.27 1.27
2.0 2.37 2.20 2.14 2.10 2.10 1.33 1.28 1.26 1.24 1.24
3.0 2.31 2.17 2.10 2.07 2.02 1.31 1.27 1.24 1.23 1.22
5.0 2.27 2.14 2.08 2.04 2.00 1.30 1.26 1.24 1.22 1.21

10.0 2.24 2.12 2.06 2.03 1.99 1.29 1.25 1.23 1.22 1.20
15.0 2.23 2.10 2.05 2.02 1.98 1.29 1.25 1.23 1.21 1.20

p = 0.7

fsd 0 =0 0.1 0.3 0.5 1.0 fsdD = 0 0.1 0.3 0.5 1.0
0.5 2.35 2.27 2.27 2.27 2.27 1.33 1.30 1.30 1.30 1.30
1.0 2.18 2.08 2.08 2.08 2.08 1.27 1.24 1.24 1.24 1.24
1.5 2.13 2.03 1.99 1.99 1.99 1.25 1.22 1.20 1.20 1.20
2.0 2.10 2.01 1.97 1.95 1.95 1.24 1.21 1.20 1.19 1.19
3.0 2.08 2.00 1.96 1.94 1.91 1.24 1.21 1.19 1.18 1.17
5.0 2.06 1.98 1.95 1.93 1.90 1.23 1.20 1.19 1.18 1.17

10.0 2.05 1.98 1.94 1.92 1.89 1.22 1.20 1.18 1.18 1.17
15.0 2.04 1.97 1.94 1.91 1.89 1.22 1.20 1.18 1.18 . 1.17

p= 0.5

fsd P = 0 0.1 0.3 0.5 1.0 f sdO =0 0.1 0.3 0.5 ! 1.0
0.5 1.94 1.92 1.92 1.92 1.92 1.19 1.18 1.18 1.18 ! 1.18
1.0 1.90 1.86 1.86 1.86 1.86 1.17 1.16 1.16 1.16 I 1.16
1.5 1.88 1.85 1.83 1.83 1.83 1.16 1.15 1.14 1.14 i 1.14

I

2.0 1.88 1.84 1.83 1.82 1.82 1.16 1.15 1.14 1.14 i 1.14
3.0 1.87 1.84 1.82 1.81 1.80 1..16 1.15 1.14 1.14 I 1.13
5.0 1.86 1.83 1.82 1.81 1.80 1.16 1.14 1.14 WI 1.1310.0 1.86 1.83 1.81 1.80 1.79 1.15 1.14 1.14 1.13 1.13

15.0 1.86 1.83 1.81 1.80 1.79 1.15 1.14 1.14 1.13 1.13

p= 0.3

fsdP = 0 0.1 0.3 0.5 1.0 f sdP = 0 0.1 0.3 0.5 i 1.0
0.5 1.76 1.76 1.76 1.76 1.76 1.12 1.11 1.11 1.11 I 1.11
1.0 1.76 1.75 1.75 1.75 1.75 1.11 1.11 1.11 1.11

\1.111.5 1.75 1.74 1.74 1.74 1.74 1.11 1.11 1.11 1.11 1.11
2.0 1.75 1.74 1.74 1.74 1.74 1.11 1.11 . 1.11 1.11 1.11
3.0 1.75 1.74 1.74 1.73 1.73 1.11 1.11 1.11 1.11 I UO
5.0 1.75 1.74 1.74 1.73 1.73 1.11 1.11 1.11 1.11 i 1.10

10.0 1.75 1.74 1.74 1.73 1.73 1.11 1.11 1.11 1.10 I 1.10
15.0 1.75 1.74 1.74 1.73 1.73 1.11 1.11 1.11 1.10 I 1.10

I

ZERO PROJECTING

1.70 1.10

TABLE 1Zll (From Ref. 1)
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4. Special elements

All fittings for closures, curves, bends, branches, manholes, outlets, connections

for main valves and other pipeline appurtenances are custom made out of steel

and cement-mortar lined and coated. The design of such special elements is based on

test data and empirical formulas, and subjected to the manufacturing limitations

of section 11.6 and the specifications of Part III. Details and examples of

one of the commonly used Bell-Bolt Tied Joint used with a variety of these

fittings is shown in Fig. l3A.

5. Joints

All joints of concrete pipelines are of the bell-and-spigot type, most with

flared bells (Fig. 14) and some with flush bells (Fig. 15). The bell ring and

the spigot ring are made out of steel and welded to the inner steel cylinder or to

the reinforcing bar cage of the pipe. The spigot ring has an outer rectangular

groove into which is stretched a rubber gasket of circular cross-section. When the

bell ring is pushed over the spigot ring, it compresses the gasket into the groove,

thus sealing the joint. When onsite the originally round rubber gasket occupies

almost the entire rectangular cross-section groove as shown in Fig. 16. The

joint gap is grouted on site with cement mortar. The gasketed joint, while

sealing the connection between two pipe segments, allows the small joint departures

needed by minor changes in level and in direction of the pipeline. Table VIII and

Fig. 17 give the maximum joint opening recommended for layout purposes and the

maximum additional watertight extensibility for high pressure service, which

determines the maximum joint rotation before leakage (see VI.2).

-19-





Steel bell ring

One coat of mastic
primer (shop applied)

S" wide burlap diaper
with strapping and
mastic sealing lining

Sq. head bolts

Mortar placed after
installation

One coat of mastic
primer (shop applied)

. ',. ' ...
.'. :.....: .:. :.~ ..

. . . . ',:.-'

St I . t ...-J Motor placed after
ee splgo nng installation on diameters

24" and larger if required

': ':.1:>.

I

L Steel cylinder

High tensile wire

Core
. . I: ~

Nominal -'
diameter

TYPICAL DETAIL OF BELL - BOLT

FLEXIBLE TIED

FIG. 13A

A large variety of specials and fittings is
available for use with Lock Joint Pipe.
Bends. tees. wyes and the like are all fully
engineered. meticulously manufactured
and are accurate inlaying lengths. Pipe
branches and outlets may be designed for
jointing with pipe and fittings of other
materials.
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JOINT

The Bell-Bo\t Flexible Tied Joint effectively
resists unbalanced thrusts in a pipeline.
This rubber and steel joint is secured by
bolts set around the perimeter of the joint
and tightened with a ratchet wrench. This
joint eliminates the need for thrust blocks.





-C.ONG!,ET!;:
CORE WIT>!

STEel CYLINDER

PRESTRESSED CONCRETE PIPE FLARED BELL TYPE JOINT

FIG. 14

RUBBER
GASKET-

COATING

~APP!..N...9
WIRE

CONCRETE
CORE WITH

STEEL CYLINDER

PRESTRESSED CONCRETE PIPE FLUSH BELL TYPE JOINT

FIG. 15

-21-





6. Manufacturing techniques

Concrete pipes without a steel cylinder are manufactured vertically by

setting the reinforcing-bar cage of longitudinal and circumferential bars, with

the bell and spigot rings welded at their ends between external and internal

cylindrical steel forms, and by pouring concrete between the forms. The concrete

is vibrated by means of regular vibrators.

The hot-rolled steel cylinder, usually 16-18 gauge, is manufactured by

welding along a 4-foot wide flat plate along a continuous spiral joint. The

exclusive purpose of the cylinder is to guarantee the water tightness of the pipe

under pressure. The bell and spigot rings are welded to the steel cylinder ends.

In the manufacture of PCC pipe (Fig. 2) of relatively small distances, the steel

cylinder is lined with concrete by rotating it around its horizontal axis so that

the centrifugal force pushes the concrete against the internal cylinder wall.

Because of the different density of the concrete components, stone is denser in

the neighborhood of the internal cylinder-wall while sound and cement tend to

accumulate towards the inner concrete-lining wall. Once the concrete of the lining

is set, a spiral of high-strength steel wire, with an ultimate strength of up to

300,000 psi, is stretched while the pipe rotates over the external surface of the

steel cylinder, at a tension and a pitch dictated by the maximum inner pressure in

the pipe. The most commonly used wire diameter vary between No.4 gauge (.225 in)

and 15/16 in. and the spacing between wire loops varies between .19 in. and 1.5 in.

The wires are pulled with a force producing tensile stresses of the order of 75%

of their ultimate strength and are anchored to the bell and spigot rings of the pipe.

The prestressed pipe is finally coated with cement mortar.
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TYPICAL BEll AND SPIGOT DETAilS
FOR

Cement mortor cooting

. or equivalent .
(} •• -c:> •• 0

pee AND -P CEe PI PES

~•....

Cement mortar. placed In field .......

JOINT DETAIL

FIG. 16

1----5·-----1

·3r 3·;-1
ist~A I I

Spigot ring Carnegie shope
'1-3516 or equivolent

lQ of Bell Rin9

BELL & SPIGOT RING ASSEMBLY
DETAIL

FIG. 16A
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PER MISSIB l E J0INTOPENINGSAND ~10VEMENT
FOR pee AND PCEe PIPES

See Joint
Detail Below All dimensions In inches

TYPICAL SECTION THRU JOINT

4. • ..... ,,, ... ,,. , ·~l '.' 4'.' .....

'--.'/

·E so Maximum additional watertight extenslcillty
high pressure service

•• - Maximum recommended for layout purposes

Type Pipe Joint Joint** I E*Dia. Depth Ooening

PCC 16-30 3V4 314 3/s

PCC 36 33/a 3/4 V2

PCC 42 33/4 'l's 3J4

PCEC 42 4Va 'l'a lYa

PCC 48 3'l's 1 314

PCEC 48 4Vs 1 1

54 4Ya lVs Ya

60 4Y4 1% 'l's

66 43/a 1% 'l's

72 4Y2 . lV2 'l's

78 40/s 1V2 5/S

84 4'l's lV2 'l'a

90 5 1V2 1

96 5Va 1112 lYs

102 4'l's 1112 'l'a

108 6 13/4 lVs

114 6 13/4 1Va

120 6 13/4 1Vs

126 6 13/4 1Va

132 6 13/4 1Va

138 6 13/4 1Va

PCEC 144 6 13/4 1Va
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FIG. 17 (From Ref. 2)
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In the manufacture of large diameter PCEC pipe (Fig. 3), the pipe is concreted

vertically, by setting the steel cylinder between two steel forms and pouring

and vibrating the concrete so as to both line and coat it with concrete. Once

the concrete is set and steam cured, the prestressing wires are stretched along

a spiral on the outer surface of the outer concrete coat and anchored to blocks

welded to the end rings. The pipe is then finished by coating it with either a

cement mortar or a fine aggregate concrete.

III. SPECIFICATIONS

The specifications for the manufacture of the 5 types of pipe described in

Section 11.1 are contained in AWWA Standards C-300, C-30l, C-302 and C-303. The

essential parts of these standards, as they apply to the 5 types of pipe, appear

in Appendix A, together with the standards for the steel fittings, for three-edge-
•

bearing tests and bell-and-spigot ring material properties. Essential design

information from the AWWA Standards C-300, C-301, C-302, andC~303~ ahd the BuRec

Standard for RC pipes are reproduced in Appendix B.

-25-
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APPENDIX "A"
Specificati ons

PARTm
SUBDIVISIONRC .. _ 1

RCC 2

. RCCP 3
PCC 4
PCEC 5

STEEL FITTI NG 6

THREE EDGE
BEARING ASTM C497 7

BELL AND
ASTM

SPIGOT RINGS A283, A306__8 & 9

BELL RING ASTM A570 10
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PARTIII. 1 Re

SPECIFICATIONS FOR REINFORCED CONCRETE PRESSURE
PIPE WITH RUBBER AND STEEL JOINT

Produc~According to
AWWA Standard C-302*

lined with concrete on its interior surface, and the bell ring shall be
covered with concrete on its exterior surface. Portions of the joint
rings which will be exposed after the pipe is manufactured shall be
protected from corrosion by an approved coating. The spigot ring
shall have a groove for the purpose of receiving. holding and protect
ing the gasket. Tht< joint surfaces shall be of such shape and
dimensions that the joint will be self-centering when the pipes are
laid so that the gasket will not be required to support the weight of
the adjoining pipe.

Steel of flat section for bell rings 3/16" thick shall be used on
pipe sizes up to and including 30" and shall conform to "Specifica
tions for Hot-Rolled Carbon-5teel Sheets and Strip. Structural Qua
lity". Grade C, ASTM Designation A-570~

Steel plate for bell rings 1/4" or more in thickness, and special
shapes for spigot joint rings. shall conform to "Specification for
Carbon Steel Bars Subject to Mechanical Property Requirements".
Grade 50, ASTM Designation A-306.

The gasket sealing the joint shall be made of a special composi
tion rubber having a texture to assure a watertight and permanent
seal and shall be the product of a manufacturer having at least five
years' experience in the manufacture of rubber gaskets for pipe
joints. The gasket shall be a continuous ring. of suitable cross
section and of such size as to fill the groove on the spigot joint ring
when the pipes are laid. The rubber gasket shall be the sole ele"Tlent
depended upon to make the joint watertight and shall have smooth
surfaces free from pitting. blisters. porosity and other imperfections.
Cement mortar or other plastic materials used to finish the ioint
shall not be depended upon for watertightness.

Synthetic isoprene gaskets shall comply with the following
physical requirements:

Tensile strength. min. psi ••••••••••••••••••••••• _•• 3000
Elongation at rupture. min. perE:ent • • • • • • • • • • • • • • • • •• 425
Compression set. max. percent ••••••••••••••••••••• 20
Accelerated aging

Tensile strength retained, min. percent of original ••••• 85
Elongation retained, min. percent of original ••••••••• 80

Water absorption
Volume and weight incr!lase. max. percent. • • • • • • • • • • 5

Durometer hardness. points. • • • • • • • • • • . • • • • • • • • • •• 6O;t5

The physical properties of the gaskets shall be determined in
accordance with the following methods:

Tensile Strength "Tension Testing of Vulcanized Rub
ber". ASTM Designation D-412

Elongation "Tension Testing of Vulcanized Rub
ber", ASTM Designation 0412

Compression Set "Compression Set of Vulcanized Rub
ber". ASTM Designation 0-395, Method
B. age 22 hours at 70°C

Accelerated Aging "Oven Test for Aging of Rubber",
ASTM Designation 0-573. age 96 hours
at 700 C

TYPE OF PIPE

The pipe shall be of the type known as Reinforced Concrete
Pressure Pipe. It shall be reinforced with a cage or cages formed of
circumferential and longitudinal steel. Steel joint rings shall be
located at its ends and shall be securely anchored in the pipe. The
steel structure shall be completely encased with dense concrete.
Each pipe shall be constructed with a self-eenteringexpansion joint
sealed with a rubber gasket and capable of caring for normal
movement due to earth settlement and extremes of temperature.

DIMENSIONS

The dimensions of the straight pipe shall be in accordance with
the table on the facing page. Special pipes for bends. reducers.
closure pieces and other fittings may be made in shorter lengths. as
required.

The pipe shall be round and true. The average internal diameter
of the straight pipe shall not be less than the nominal diameter by
more than 1/4" for sizes 36" or smaller; by more than 3/8" for 42"
and 48"; by more than 1/2" for 54" to 78"; nor by more than 3/4"
for 84" or larger.

PIPE DESIGN

The circumfrential reinforcement shall consist of one or more
cag9S whose configuration shall conform to the requirements shown
in "Reinforced Concrete Pressure Pipe - Noncylinder Type. for
Water and Other' Liquids". AWWA Standard C-302. The cross
sectional area of the circumferential steel reinforcement to resist
internal pressure only shall be no less than the maximum deter
mined from equations (1) and (2).

6PwD

16.500-75Pw
(1)

6 (Pw+Pt) 0

16.500
(2)

Cross-sectional area of circumferential steel re
inforcement, sq. in. per ft. of pipe wall

Working pressure, psi

Transient pressure~psi

Inside diameter of pipe, inches

The pipe shall also be designed to resist the flexural and axial
stresses produced by the combined effect of internal pressure and
external load in the manner prescribed by AWWA C-302.

When the pipe is not designed for internal pressure, the rein
forcement shall be· in accordance with the appropriate class shown
in "Specification for Reinforced Concrete Culvert, Storm Drain, and
Sewer Pipe," ASTM Designation C-76 or with 'Specification for
Reinforced Concrete D-Load Culvert. Storm Drain. and Sewer
Pipe." ASTM Designation C-655.

Each pipe shall have a minimum longitudinal reinforcement
equivalent to 1/2" round steel rods at a maximum of 42" center to
center spacing with a minimum of six 1/2" round rods per pipe or
equivalent. In pipe with two cages, the longitudinal steel shall be
divided equallv between the two cages. except that, when welded
fabric is used. any extra longitudinals may all be placed in one cage.

Water Absorption

Durometer Hardness

"C'hange in Properties of Elastomeric
Vulcanizates Resulting from Immersion
in Liquids". ASTM Designation 0471,
age 48 hours at 700 C

"Indentation Hardness of Rubber and
Plastics by Means of a Durometer". Type
A, ASTM Designation 0-2240

PIPE JOINTS
The joint shall be sealed by a rubber gasket so that the joint will

remain tight under all conditions of service, including movement
due to expansion, contraction and normal settlement. Each length
~! ~!~ shall be provided with bell and spigot ends formed by steel

. '- ',jngs securely fastened in the pipe wall. The spigot ring shall be
-27-

STEEL REINFORCEMENT

The steel reinforcement shall be made of deformed bars or plain
wire conforming to the requirements of "Specifications for Ddorm
ed Billet-Steel Bars for Concrete Reinforcement". Structural Grade,
ASTM Designation A·615. "Specifications for Cold-Drawn Steel

,,'"
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Wire for Concrete Reinforcement". ASTM Designation A-82 or
"Specifications for Welded Steel Wire Fabric for Concrete Rein
forcement". ASTM Designation A- t 85.

CONCRETE
Cement shall fulfill the requirements of "Standard Specification

for Portland Cement", ASTM Designation C-t50. Concrete aggre
gates shall be composed of hard durable particles. clean and free
from loam or organic materials. Water used in mixing the concrete
shall be clean and free from deletrious amounts of acids. alkalis or
organic materials. "

The concrete used in the manufacture of the pipe shall consist of
cement. sand and crushed stone or crushed or uncrushed gravel
accurately proportioned for maximum density and specified
strength. In no case shall the cement content be less than 564 Ibs. (6
bags) per cubic yard in the finished prOduct.

The concrete shall be placed in steel molds so constructed that
the inner and outer forms. joint rings and reinforcement shall be
held in circular and concentric positions. The molds shall be vi
brated during the placing of each batch of concrete. Concrete may
be placed by an alternate method provided. in conjunction with the
curing procedure employed, it shall produce concrete of the re
quired strength and quality.

The concrete shall have a minimum strength of 3000 psi at seven
days and 4500 psi at 28 days as measured by 6" x 12" companion
cylinders molded in accordance with the "Standard Method for
Making and Curing Concrete Compression and Flexure Test Speci
mens in the Field", ASTM Designation C-31. and cured in the same
manner and for the same duration as the pipe. To conform to the
requirements of this section. the average of any ten consecutive
strength tests of cyl inders representing each type of concrete shall
be equal to or greater than the specified strength and not more than
20% of the strength tests shall have values less than the specified
strength.

CURING OF CONCRETE

Curing shall be by either steam or water. The use of water shall
be limited to times when the temperature in the curing enclosure is
continuously above 40

0
F. AdeQuate faCilities and space shall be

provided for proper curing. When the concrete in the pipe has
attained a strength of 3,000 psi. the pipe may be delivered.

Steam Curing - The pipes shall be placed in the steam curing
chamber or otherwise covered by a suitable enclosure that will allow
proper circulation of steam. A delay period of from 1 to 4 hours
shall be allowed before moist steam is admitted in contact with the
pipes. The temperature within the enclosure shall be gradually raised
to at least 11 OOF and not more than 1500 F for a period of at least
24 'hours. The preset time shall be included in the 24 hour period.

Curing by steam shall be continuous, except during a period su"ffi·
cient to remove the forms or supporting rings. The forms shall not
be removed until at least 6 hours after the beginning of steam
curing. Following this minimum period. in lieu of further steam
curing. the pipes may be "tipped" from their. bases and removed to
the storage yard. where they shall be kept continuously moist by
intermittent spraying for a period of at least 5 days.

Water Curing - The pipe shall be kept moist by water spraying
for a period of 32 hours. The forms shall not be removed from the
pipe until at least 12 hours after beginning of curing. After being
placed in the storage yard. the pipe shall be kept moist by inter
mittent sprinkling for a further period of three days.

CURVES AND FITTINGS
Curves of long radius may be formed by the deflection of each

joint. by the use of pipe on which the spigot joint rings are placed
on a bevel or by bevel adapters. Fittings shall be designed to provide
the same strength as the adjacent pipes. Elbows, tees, reducers and
wyes shall be of steel cylinder type construction. Branch connec
tions or openings such as manholes. air valves and blowoffs may be
incorporated in straight pipe and shall be suitably reinforced. Fit
tings shall be provided with joint rings corresponding to those on
adjoining straight pipes. Special adapters shall be provided where

.required to connect to valves or pipes of other manufacturers.

NOTE-Pipe lines utilizing the type of pipe covered by the above
specifications. and with outlets and connections at struc
tures utilizing joints of comparable quality, are designed to
meet the following tests:

Infiltration•••75 gallons. per inch of diameter per mile of
pipe per 24 hours "

Exfiltration ...125 gallons per inch of diameter per mile
of pipe per 24 hours

Small cracks in the concrete which are not damaging
should not be considered as cause for rejection.

The term "ASTM" shall mean the American Society for
Testing Materials. The term "AvVWA" shall mean the Ameri
can Water Works Association. When specific specifications
are cited. the designation shall be construed to refer to the
latest revision.

eAt the time of publication of this specification A.W.W.A. Committee 83200 had approved several changes. in "AWWA Standard for
Reinforced - Concrete Water Pipe - Noncylinder Type. not Prestressed" designation C-302-64, which have been incorporated in the text.



NOT REPRODUCIBLE

The gradation requirements gil'en in
Table 1 represent the extreme limits
for determining the suitability. of fine
aggregate under this standard. To
maintain uniformity of gradation for
aggregate from any given source, a
fineness modulus determination shall
be made upon representative samples
from that source. Tnereafter the fine
ness modulus of all shipments there-

from shall not vary by more than ±O.20
from the fineness modulus of the repre
sentative sample. unless suitable, ap
proved mix adjustments are made.

22.3 Impttrities. Fine aggregate
shall be free from injurious amounts of
organic impurities and shall conform to
Sec. 4.2 of "Specifications for Con
crete Aggregates" (ASTM Designa
tion C33-71a).

Sec. 2.3-Coafse Aggregate

2.3.1 General. Coarse aggregate
for concrete shall consist either of hard,
durable particles of crushed stone or of
crushed or uncrushed gravel that con
forms to the requirements and tests
given in Sec. 2.3.2 and 2.3.3.

2.32 Gradation. Coarse aggregate
shall be well graded from coarse to fine.
The maximum size and gradation shall
be subject to the approval of the pur
chaser and shall be such that the con
crete can be readily placed in themold,
by the particular method used in plac
ing it. to provide a solid, compact,
homogeneous wall with a smooth sur
face. Tests for gradation of coarse
aggregate shall be in accordance with
the "Method of Test for Sieve or
Screen Analysis of Fine and Coarse
Aggregates" (AST:M Designation
C136). Thin and elongated pieces, the
maximum dimension of which exceeds
five times the minimum, shall not be

TABLE 2

Permissible Amounts of Deleterious Substal1ces
in Coarse Aggregate

Section 2-MateriaI Specifications _ AW WA C 300-74

PART 1II-2 RCCSec. 2.1-Cement

2.1.1 TJ:pc. Ccment for concrete
work shall conform to the "Specifi~

tions for Portland Cement" (ASTM
Designation CI50). Either Type I or
T)'pe II may be uscd unless the pur
chaser specifies a particular type.
Sampling and testing shall conform
to the individual ATS :M: specification
designated therein.

2.1.2 I nspcctiou. Satisfactory fa
cilities shall be pro"ided for identifying,
inspeding, and S<'llllpling cement at the
mill, the warehouse, and the site of the
work. The purchaser shilllhave the
right to inspect the cement and obtain
samples for testing at any of these
points.

2.1.3 Storage. Cement shall be
stored in a weathertight, dry, weIl
ventilated structure.

2.104 Umtsable. Cement salvaged
by cleaning cement sacks, mechanically
or otherwise, shall not be used in the
work. Cement containing lumps shall
be rejected and shall be immediately re
nlovcd from the site of the work.

2.1.5 Temperature. If the tem
perature of the cement exceeds 150F, it
'Shall be stored until cooled to that
temperature.

Sec:. 2.2-Fine Aggregate

2.2.1 Ge1zeral. Fine aggregate for
concrete and mortar shall consist of
clean, hard, durable, uncoated particles
of natural sand or of sand prepared
from the product obtained by crush
ing stone or gravel. At the time of
use the fine aggregate shall be entirely
free of frozen material.

2.2.2 Gradatiou. Fine aggregate
shall be well graded from coarse to
fine and, when tested bv means of lab
oratory sieves in acco;dance with the
"Method of Test for Sieve or Screen
Analysis of Fine and Coarse Aggre
gates" (AST11 Designation C136),
shall conform to the gradation require
ments in Table l.

TABLE 1

Gra4alz'on Requirements for Fine
Aggregate

SIeve Size

lIn.
'1'0. jl
~ro.. ~!:

'0. II~I,'c.. ;!II)

"c.., 5:1
"c.., 1)'1
I'

Total Pusinlt.
by Wei\:ht. '10

100
9: :-100
6,;- 9:::
4, ,- 80
211- 71:,
~ 5(1

- 111

Material

Soft particles
Coal and lignite
Clay lumps
Material finer than 200 sieve
Comhined total of above items

Maximum
Weight

Limit. %

5.00
0.50
0.25
1.00
5.00
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in excess of 10 per cent of the coarse
aggregate by weight

2.3.3 Impuritits. Deleterious sub
stances in coarse aggregate shall not
exceed the amounts given in Table 2,
as determined by sampling and testing
procedures listed in the "Specifications
for Concrete Aggregates" (ASTM
Designation C33).

Sec. 2.4-Samples of Aggregates
At least four weeks prior to mixing

concrete, the manufacturer, if required,
shall provide, in suitable containers,
samples of not less than 1 cu ft each
of fine aggregate and coarse aggregate
for preliminary approval. All samples
shall be plainly labeled to indicate the
source of the material, the date, and
the name of the collector. Methods of
sampling aggregates shall be in accord
ance with the "?\fethods of Sampling
Aggregates" (ASTM Designation
D75).

Sec. 2.5--Water
"Tater used for concrete and for

curing pipe shall be fresh water and
shall be clean and free from oil, acid,
strong alkalies, or vegetable matter.

Sec. 2.S-Admixtures
At the option of the manufacturer,

the concrete mav contain a water-reduc
ing, set-eontrolIil~gadmixture conform
ing to the "Specification for Chemical
Admixtures for Concrete" (AST}.I
Designation C494). No admixture
shall contain calcium chloride. The
t).pc and amount of admixture shall be
subject to the approval of the pur
chaser.

Sec. 2.7-Steel for Cylinders and
Fitlings
'2.7.1 Steel sheets. Steel sheets for

pipe cylinders and fittings may be in
cut lcngths or coils and shall meet the

requirements of the "Specifications for i
Hot-Rolled Carbon Steel Sheets and
Strip, Structural Quality"' (ASTM
Designation A570), Grade B or C, or
"Specifications for Hot-Rolled Carbon
Steel Sheets and Strip, Commercial
Quality" (ASTM Designation A569),
exccpt that for steel covered by ASTM
A 569, the maximum carbon content
shall be 0.25 per cent and the minimum
yield shall be 27,000 psi.

2.7.2 Steel plates. Steel plates for
pipe cylinders and fittings shall con
form to the "Specifications for Low
and Intermediate Tensile Strength
Carbon Steel Plates for Structural
Quality" (ASTM Designation A283),
Grade B or C.

Sec. 2.8-Steel for Bar, Wire, and
Wire Fabric Reinforcement

2.8.1 Bars. Steel bar reinforce
ment for concrete pipe or fittings shall
be plain or deformed and shall con
form to "Specifications for Carbon
Steel Bars Subject to Mechanical
Property Requirements" (AST~I

Designation A306), Grade 80, or to
"Specifications for Deformed BilIet
Steel Bars for Concrete Reinforce
ment" (AST~I Designation A615-68),
Grade 40, except that for plain bars
supplied under ASTl\f A61S-68, (1)
the requirements of Sections 6, 7, and
14.3 shall not apply, (2) intermediate
bar diameters shall meet the require
ments of the next smaller bar number
designation, and (3) bar diameters less
than Xo. 3 shall meet the requirements
for No.3 bar.

2.8.2 Wire. Steel ,,,"ire for rein
forcement of concrete pipe shall con
form to the "Specifications for Cold
Drawn Steel \\Tire for Concrete Rein
forcement" (AST:\£ Desi~nation A82)
or to the "Specifications for Deformed
Steel '''ire for Concrete Reinforce-
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ment" (ASTM Designation A496).
'Wire used for ties may be annealed.

2.8.3 Wire fabric. Wire fabric
reinforcement for concrete pipe or for
mortar coating for fittings shall con
form either to the "Specifications for
Welded Steel Wire Fabric for Con
crete Reinforcement" CAST!'.I Desig
nation A185) or to the "Specification
for \Velded Deformed Steel \Vire
Fabric for Concrete Reinforcement"
(ASTM Designation A497).

Sec. 2.9-SteeI for loint Rings

Steel for bell rings less than tin.
thick shall conform to "Specifications
for Hot-Rolled Carbon Steel Sheets
and Strip, Structural Quality" CAST:'.I
Designation A570) , Grade A, or to
"Specifications for Hot-Rolled Carbon
Steel Sheets and Strip, Commercial
Quality" CAST~I Designation A569).
Special shapes for spigot joint rings
and steel for bell rings t in, or more
in thickness shall conform to "Specifi
cations for Carbon Steel Bars Subject
to Mechanical Property Requirements"
(ASTM Designation A306) , Grade 50,
or to "Specifications for Low and
Intermediate Tensile Strength Carbon
Steel Plates of Structural Quality"
(ASTM Designation A283), Grade A,
or to "Specifications for Merchant
Quality Hot-Rolled Carbon Steel
Bars" (ASTM Designation A575),
Grade 1012, or to "Specifications for
Special Quality Hot-Rolled Carbon
Steel Bars" (ASTM Designation
A576), Grade 1012, or to "Specifica
tions for Steel Sheet and Strip, Carbon,
Hot-Rolled Commercial Quality,
Heavy-Thickness Coils (Formerly
Plate)" (ASTl\I Designation :\635).

Sec. 2.10-Steel Castings for Fittings

Steel castings for fittings shall con
form to the "Sl)ccificatiolls for Mild

to Medium Strength Carbon Steel
Castings for General Application"
(AST:\I Designation A27), Grade 70
36, normalized.

Sec. 2.11-Rubber for Gaskets

2.11.1 Gelleral. The gasket shall
have smooth surfaces free from pitting,
blisters, porosity, and other imperfec
tions. The rubber compound shall
contain not less than 50 per cent by
volume of first-grade natural crude or
first-grade synthetic rubber. The re
mainder of the compound shall consist
of pulverized fillers free from rubber
substitutes, reclaimed rubber, and del
eterious substances. The compound
shall meet the following physical re
quirements when tested in accordance
with the indicated conditions and
designated AST~r test methods.

2.11.2 Tensile streng/h. The ten
sile strength of the compound shall be
at least 2,700 psi for natural rubber
gaskets and 2,000 psi for synthetic TUU

ber gaskets-"1Iethod of Tension Test
ing of Vulcanized Rubber" (ASTl\I
Designation D4l2).

2.11.3 Elo1lgatio1J at ruplrire. The
elongation at rupture shall be at least
400 per cent for natural rubber gaskets
and 350 per cent for synthetic rubber
gaskets-"Method of Tension Testing
of Vulcanized Rubber" (AST~I

Designation D412).
2.11.4 Specific gravity. The spe

cific gravity shall not vary by more
than ±O.OS within the range of 0.95
1.45-"Methods for Chemical Analysis
of Rubber Products" (ASTM Desig
nation D297).

2.11.5 Compression set. The per-.
centage of compression set shall not
excced 20. The compression set de
termination shaH be made in accordance
with "Methods of Test for Compres.
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sion Set of Vulcanized Rubber"
(ASTM Designation D395), Method
B, with the exception that the disc shall
be a i-in.-thick section of the rubber
gasket stock.

2.11.6 Tensile strength after aging.
After being-subjected to an accelerated
aging test for 96 hr in air at 70C in
accordance with "Method of Test for
Accelerated Aging of Vulcanized Rub
ber by the Oven Method" (ASTM
Designation D573) or in a pressure
chamber for 48 hr at 70C in an oxygen
atmosphere at 300 psi in accordance
with "Method of Test for Accelerated
Aging of Vulcanized Rubber by the
Oxygen-Pressure Method" (ASTM
Designation D572) , the tensile strength

of the compound shall be not less than
80 per cent of the tensile strength be
fore aging.

2.11.7 Shore durometer. The
Shore A durometer hardness shall be
in the range of 50 to 65 and shall be
determined in accordance with
"Method of Test for Indentation Hard
ness of Rubber and Plastics by Means
of a Durometer" (ASTl\I Designation
D2240-68), with the exception of Sec
tion 4 thereof. The determination shall
be taken directly on the gasket.

2.11oSe Test reports. If required by
the purchaser, the manufacturer shall
submit test reports showing the physi
cal properties of the rubber compound
used in the manufacture of the gaskets.

Section 3-Design and Fabrication of Pipe

Sec. 3.1-General Requirements

3.1.1 Lasing lengths. In general,
pipe shall have a minimum nominal
laying length of 8 ft, unless shorter
lengths are required by weight or other
considerations. The maximum lengths
shall be as follows:

Internal Diameter ~[aximumLa)·ing Length
ill. Ie

24 to 36 inclusive 20
39 and larger 24

3.1.2 Diameter tolerances. Pipe
shall be round and true and shall have
a smooth and dense interior surface.
The mean internal diameter of any por
ti~n of each piece of pipe shall be not
less than the design diameter or size
specified by more than t in. for 36-in.
pipe, and smaller; by more than ~ in.
for 42-in. and 48-in. pipe; by more
than ! in. f(" 54-in. to 7S-in. pipe; or
by more th:1O ~ in. for 84-in. pipe, and
larger.

.
3.1.3 Wall toleratlces. The mInI

mum design thickness of pipe wall and
the minimum thickness of concrete lin
ing for each size of pipe shan be as
shown in Table 3. At the spigot sec
tion, the concrete lining thickness may
be less than sho\\'n in Table 3, proyided
that the interior surface of the lining
at the spigot shall not depart from a
true right cylinder projected from the
interior surface of the lining in the
body of the pipe. The thickness of
walls shall be not less than the design
thickness by more than t in. for 36-in.
pipe, and smaIIer; by more than lrr in.
for 42~in. and 48-in. pipe; by more
than 1 in. for 54-in. to 72-in. pipe; or
by more than ~ in. for pipe larger than
72 in.

Sec. 3.2-Desiqn of Pipe

The reinforcement of the pipe shall
consist of a welded steel cylinder sur
rounded by one or more cages of
welded steel hoops, helically wound
steel bar or wire, or welded wire fabric

.....32-
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TABI.E 3

Reqll;remenls for Pipe of Various Sizes·

MlAlmulIl Thickness

PlJ!e ID
Total.... Concrete L1ninsPipe Wall ill.ill.

24 3+ 1
30 31 1
36 4 1
42 41 t
48 5 It
54 51 It
60 6 11
66 6t 1l
72 7 Ii
78 71 tt
8-l 8 H
90 8 11
96 81 11

• For pipe larger than 96 in. in diameter. dimen.ion.
and detail. of de.ign .haU be 3ubject to approval by
the purchaser.

properly spaced and supported with
longitudinal reinforcing. The mini
mum thickness of the cylinder shall be
16 gage. The cross-sectional area of
the circumferenltal steel in the cylinder
and in the reinforcing cage or cages
shall be such that the conditions .re
quired by the design methods jn..t.be
appendix are met. If required 'by the
purchaser, the manufacturer shall sub
mit design calculations for approval
prior to the manufacture of any pipe.

Sec. 3.3-Joint Rings
3.3.1 General. The steel bell and

spigot joint rings shall be so designed
and fabricated that when the pipe is
laid and the joint completed, the gasket
will be enclosed on four sides. Each
ring shall be formed by one or more
pieces of steel butt-welded together.
The contact surfaces in the joint shall
be such as not to cause cutting of the
rubber gasket during installation.
Welds on gasket contact surfaces shall
be ground smooth and flush with the

adjacent surfaces. The rings shall be
exp.'lllded by a press beyond their
elastic limits so that they arc accurately
sized.

3.3.2 Tolerances. On the finished
pipe, the circumference of the inside
bell ring contact surface shall not ~"'(

ceed the circumference of the outside
spigot ring contact surface by more
than t\ in. for gaskets H in. in diam
eter or by more than t in. for gaskets
greater than H in. in diameter. The
out-of-roundness of either contact sur
face, measured as the difference be
tween the maximum and minimum
joint ring diameters, shall not exceed
0.5 per cent of the average of these
diameters. The minimum thickness of
the completed bell rings shall be 'Pi; in.
for 36-in. pipe, and smaller, and tin.
for pipe larger than 36' in. The rings
shall conform to the details submitted
by the manufacturer and approved by
the purchaser.

3.3.3 Protective coating. The por
tions of the joint rings that will be ex
posed on the completed pipe shall be
protected from corrosion by an ap
proved coating.

Sec. 3.4-Rubber Gaskets

Joints shall be sealed with a con
tinuous solid-ring rubber gasket having
a circular cross section with a diametral
tolerance of ±-h in. Gaskets shall be
of sufficient volume to fill substantially
the recess provided when the pipe
joint is assembled, so that the gasket
will be compressed'to form a pressure
tight seal. The gasket shall be the sole
element depended upon to make the
joint watertignt.

Sec. 3.5-Fabrication of Steel Cy
linders

3.5.1 General. The cylinders shall
be formed by shaping and welding to-
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gether cut lengths or coils of specified
material and thickness. The cylinders
shall be accurately shaped to the size
required, and the joint rings shall be
welded to the ends. before testing.

3.5.2. TVeldil/g. Butt-welding, lap
\\'elding, or offset lap-welding, shall be
used for the longitudinal and circum
ferential or helical scams. The sheets
shall be closely fitted prior to welding
and shall be firmly held during welding.
If required, the manufacturer shall sub
mit for approval the specific details of
materials and methods he proposes to
use before any welding is done.

3.5.3 Hydrostatic test. Each steel
cylinder, with joint rings welded to its
ends, shall be subjected to a hydro
static test. "'hen the cvlinder is tested
in a horizontal position: the stress shall
be at least 20,000 psi, but not greater
than 25,000 psi. When the cylinder is
tested in a vertical position, the stress
at the lower end shall be 25,000 psi.
"'hile under pressure test, all welds
shall be thoroughly inspected and all
parts showing leakage shall be marked.
C)'linders that show any leakage under
test shall be rewelded at the points of
leakage and subjected to another hy
drostatic test. The finished cylinder,
with joint rings attached, shall not be
used in the work unless it is completely
watertight under the required test pres
sure.

3.5.4 CleanitJg steel surfaces. Be
fore the concrete is placed, steel sur
faces shall be cleaned to remove loose
or other foreign matter that would
interfere with the bonding of the con
crete.

Sec. 3.6-Fabrication of :Reinforce--
menl Cage •

"f'

.3.6.1 CirCflmfere1Jtial reinforcement.
The circumferential reinforcement shall
either be steel bar or wire in helical or

hoop form or be welded wire fabric
shaped and lap- or butt-welded into
cages. The quality of the welds and
welding procedures shaH be assured
by the testing of a representative num
ber of butt or lap welds to a test stress
of 25,000 psi.

·3.6.2 LOllgitudi1Jal reinforcement.
The circumferential reinforcement in
cages shall be accurately spaced and
rigidly assembled by the attaching of
longitudinal bars securely, so that the
cage is maintained in proper shape and
position during the casting of the pipe.

3.6.3 Placement. The minimum
distance between the circumferential
reinforcing steel and the surface of the
pipe shall be 1 in.

Sec. 3.7-Concrete for Pipe

3.7.1 Proportioning. The propor
tions of cement, fine aggregate, coarse
aggregate, and water used in concrete
for pipe shaU be subject to the approval
of the purchaser. The proportions
shall be determined and controlled as
the work proceeds in order to obtain
homogeneous, dense, workable, durable
concrete of specified strength in the
wall of the pipe and a minimum of de
fects in the surface of the pipe. The
proportions shall be those that will
give the best o\"erall results with the
particular materials used for the work.
A minimum of six bags of cement shall
be used for each cubic yard of con
crete. The watcr--eement ratio shall
be such as to assure that the concrete
will meet the strength requirements.

3.7.2 }.feaSJfremC1lt of materials.
A barrel of cement shall be considered
4 cu ft or 376 Ib, and a bag of cement
shall be considered 1 cu ft or 94 lb.
Cement in standard sacks need not be
weighed, but bulk cement shall be
weighed. \Vater for mixing shall be
measured by volume or by weight.
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Concrete aggregates for each batch
shall be measured separately by weigh
ing. The proportions of aggregates
shall be computed on both the saturated
and surface-dry basis, and the water
cement ratio shall exclude the water ab
sorbed by the aggregates. The equiv
alent unit weights for both fine and
coarse aggregates shall be determined
in accordance with the ":Method of
Test for Unit Weight of Aggregate"
(AST~I Designation C29). The
equipment and devices for weighing
and measuring shall at all times be
accurate within 1 per cent.

3.7.3 Mixing. The mixing shall
be thoroughly done by amixer of ac
cepted type. }'Iixing time shall be
consistent with the type of mixer used.
Transit mixing shall not be used ex
cept by written authorization and under
specific requirement of the purchaser.

3.7.4 Standard test cylinders. A
~et of at least four standard test cyl
mders shall be taken from each day's
pour of the mixed concrete. Standard
test cylinders shall be made in con
formance with the "1Iethod for 1Iaking
and Curing Concrete and Compressive
and Flexural Test Specimens in the
Field" (AST1I Designation C31).

-... The curing of the test cylinders shall be
in conformity with the curing of the
pipe.

3.7.5 Testing C~'lj,lders. All test
cylinders shall be tested by an approved
testing laboratory at the expense of
the manufacturer, unless the manu
facturer has approved testing facilities
at the site ·of the work. In such event,
the tests shall be made by the manu
facturer in the presence of the pur
chaser and at the manufacturer's ex
pense or, if permitted by the purchaser.
certified test reports may be submitted
by the manufacturer.

3.7.6 Strength of concrete. The

design strength of concrete shall be
the strength used in designing the pipe
by the method described in the Desi~n

Appendix. The design strength of
concrete shaH be not less than 4.500 psi
for vertically cast concrete or 6,000 psi
for centrifugally cast concrete. The
compressive strength of concrete cyl-'
inders shall equal or c.'Cceed J of the
design strength in 7 days and the de
sign strength in 28 days. To coniorm
to the requirements of this section, the
average of any ten consecutive strength
tests of cylinders representing each
type of concrete shall be equal to or
greater than the design strength, and
no cylinder shall have a strength less
than 80 per cent of the design strength.
Damaged cylinders shall be discarded.
Pipe made from concrete that does not
meet the strength tests in accordance
with the foregoing shall be subject to
rejection.

3.7.7 Forms. The forms shall be
of steel made with butt joints through
out and with the interior suriace
smooth and true. The forms shall be
so constructed that the inner and outer
forms, joint rings, and reinforcement
shall be held in position throughout
placing of the concrete and so designed
that the pipe can be stripped from the
forms rapidly and without damage to
the pipe surfaces. Forms shall be suf
ficiently tight to prevent leakage of
mortar, and they shall be stiff enou~h

and so braced as to withstand, with
out deformation, all operations incident
to the pouring and setting of the con
crete. Forms shall be cleaned and
oiled before each use.

3.7.8 Placing concrete. The trans
porting and placing of concrete shall
be carried out by methods that will not
cause the separation of concrete ma
terials or the displacement of the steel
cylinder and reinforcement from their
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proper positions in the form. Accepted
methods of mechanical vibrating shall
be used to compact the concrete in the
forms and to secure satisfactory interior
surfaces. Forms shall not be removed
until the concrete has set sufficiently to
avoid spalling or damage to the pipe
during removal of the form.

Sec. 3.S-Curinq of Pipe

3.8.1 General. The purpose of cur
ing pipe as prescribed in the following
sections is to obtain concrete of the
strength specified for test cylinders
under Sec. 3.7.6. The pipe shall be
cured by steam or by water unless
otherwise specifically permitted. \Va
ter curing and steam curing may be
used interchangeably on a time-ratio
b~sis of 4 hr of water to 1 hr of steam
curing except that the water curing
may be used only if the minimum
ambient temperature exceeds 40F.

3.8.2 Steam curing. The pipe shall
be placed in the steam-curing chamber
or otherwise covered by a suitable en
closure that will allow proper circula
tion of steam. A delay period of from
1 to 4 hr shall be allowed before moist
steam is admitted to contact the pipe.
The temperature within the enclosure
shall be gradually raised to at least
110F and to not more than 150F for

a period of at least 24 hr. The delay
period shall be included in the 24-hr
period. Curing by steam shall be con
tinuous except during a period suf
ficient to remove the forms or support
ing rings. The forms shall not be re
moved until at least 6 hr after the be
gining of the curing. After this mini
mum 6-hr period, the pipes may be
"tipped" from their bases, and curing
shall be continued by either steam or
water.

3.8.3 Water cflring. The pipe shall
be kept moist by intermittent water
spraying for a period of at least 32 hr.
The water-curing period shall be ex
tended 1 hr for each hour in the first 24
during which the ambient air tempera
ture is below 50F. Following this
minimum period, they may be "tipped"
from their bases but shall be kept con
tinuously moist by intermittent spray
ing for an additional period of at least
3 days.

Sec. 3.9-Seal Coat

If the purchaser specifically orders a
bituminous seal coat, the materials and
application shall comply with the ap
propriate proyisions of AWWA C104
(AXSI A21.4) insofar as they are ap
plicable. The material shall be applied
after the pipe is cured.

Section 4-FiUinqs and Special Pipe

Sec.4.I-General

Fittings and special pipe shall in
clude bends, tees, wyes, connections
to main-line valves, closures, beveled
pipe for curves, and pipe with outlets
required for manholes, air valves, and

blowoffs, as shown on the purchaser's
drawings or as ordered by the pur
chaser. Fittings shall conform to the
details furnished by the purchaser or,
if required, to the details furnished by
the manufacturer and approved by the
purchaser. Fittings shall be either tyIX'
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as described in Sec. 4.2 and 4.3 at the
option of the manufacturer and shall
be designed for the same pressures as
the pipe.

Sec. 4;2-Fittings (Type A)

Type A fittings are composed of
steel cylinders, concrete or mortar lin
ing, and reinforced concrete or mortar
exterior coating. The steel for the
c}·tinder shall be cut, shaped, and
welded to form the properly shaped
bend, tee, reducer, or other fitting. The
welds shall be inspected, and the com
pleted cylinder shall be tested for tight
ness by the dye penetrant method or
other approved method, if specifically
required by the purchaser. A cage or
cages of steel reinforcement with ap
proved cross-sectional areas shall be
formed around the cylinder and open
ings. Longitudinal reinforcement suf
ficient for the additional stresses in the
fitting walls shall be provided. The
interior and exterior concrete or mor
tar shall be placed in an accepted man
ner. Curing shall be as specified in
Sec. 3.8.

Sec. 4.3-FiUings (Type B)

Type B fittings are composed of cut
and welded steel plate of a thickness
to provide the design strength, with
mortar coating On interior and exterior
surfaces.

4.3.1. Steel fabrication. The steel
for the fabricated steel plate fittings
shall be cut, shaped, and welded so that
the finished fitting shall have the re
quired shape and interior dimensions.
The deflection angle between adjacent
st'gments of a bcnd shall be no grcater
than 22! deg. Adjacent segments
shall be joined by lap or butt welding.
Fabrication and welding shall conform

to the requirements of Sec. 3.5 of this
standard. The welds shall be in
spected, and the completed cylinder
shall be tested for tightness by the dye
penetrant method or other approved

-method, if specifically required by the
purchaser.

4.3.2 Reit1forcemcllf. 'Vire fabric
reinforcing shall be applied to the in
terior and exterior surfaces of the fab
ricated fitting. The reinforcement
shall be 2 X 4-in. \VI welded-wire
fabric, held ~ in. from the surfaces of
the steel plate. The members on the
2-in. spacing shall extend circum
ferentially around the fitting, with ends
o,-erlapped 4 in. and tied together.
Longitudinal splices shall be staggered.

4.3.3 Mortar. Steel plate fittings
shall be lined with mortar at least tin.
thick at adapter ends, or outlets, but
under no conditions shall the lining be
less than ~ in. thick. The exterior shall
be coated with mortar at least 1 in.
thick. The mortar shaH contain no less
than 1 part cement to 3 parts sand of
a grading approved for the method of
application used.

4.3.4 Curing. Mortar-lined and
mortar-coated fittings in Sec. 4.3.3
shall be cured by water spraying, by
steam, or by curing compounds. The
curing compounds shall meet the re
quirements of "Liquid Jlembrane
Forming Compounds for Curing- Con
crete" (AST1I Designation C309) ,
Type II, white pigmented.

Sec. 4.4-Curves. Bends. and
Closures

Long radius curves and small ang
ular changes in pipe alignment sh:l!l
he formed by dcflecting joints, hy
str:light pipe with Leveled ends, by
bevel adapters, or by a combination of
them. Pipe ends may be beveled up
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to S deg. Short-radius curves and
closures shall be formed by fittings.

Sec. 4.S-0penmqs and
Connections

Manholes and flanges, spigot or bell
connectiqns for air yah-es, blow offs, or
connections to other pipe shall be built

into the walls of the concrete pipe at
locations shown on the purchaser·s
dra,,·iugs or ordered by the purchaser.
'Vall openings shall be suitably rein
forced. If required, the interior and
exterior surfaces of structural steel con
nections shall be lined and coated with
mortar.
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AWWA Standard for

REINFORCED CONCRETE WATER PIPE
STEEL CYLINDER TYPE. PRETENSIONED

Section I-General

;ec. I.I-Scope

This standard coyers the manufac
ture of circumferentially pretensioned
reinforced concrete w~ter pipe with a
.steel cylinder and rod reinforcement,
in sizes from 10 to 4.2 * in., inc1usi\-e
and for design pressures to a maxi
mum of 400 psi. The stand~rd does
not include specificat ions related to
handling, de1i\'ery, laying, field testin~,

or disinfection of the pipe.**

Sec. I.2-Definitians

In this standard the following defini
tions shall apply:

1.2.1. Purchaser. The word "pur
chaser" shall mean a person, firm, cor
poration, or goyernmcnt subdivision
entering into a contract or agreement to
purchase any materials or haye any
work performed according to these
specifications.

1.2.2 Contractor. The word "con
tractor" ..shall mean the person, firm,
or corporation executing the contract or
agreement with the purchaser to fur-

• Larger diameters may be manufactured
provided that the pnrchascr is in full accord
with the design and will assume all responsi
bility for the proper installation to preycnt
injuriolls deflection.

•• Refer to AWWA Manual M9, Il1sl1111<1
tioll 01 Co/lere/e Pipe for details of inst:llla
tion.

nish any materials or perform any \york
according to these specifications.

1.2.3. Manufacturer. The word
"manufacturer" shall mean the person,
firm, or corporal ion who actually
manufactures the pipe, acting either di
rectly as the contractor, or as a sub
contractor or supplier. If the manu
facturer is acting as a subcontractor
under the contractor or otherwise as a
supplier to the' contractor, the obliga
tions of'the manufacturer under these
specifications shall be considered as
obligations of the contractor, and the
contractor shall be responsible for their
performance.

1.2.4. Engineer. The word "engi
neer" shall mean the engineer employed
by the purchaser and acting as his rep
resentath'c, the purchaser himself act
ing as his own engineer, and their re
spectiye assistants and inspectors.

1.2.5. ASTM. The term "ASTM"
shall mean the American Society for
Testing and !\bterials. When specific
ASTl\I specifications are cited, the
designation shall be construed to refer
to the latest redsion under the same
specification llttlllher, or to superseding
specifications ttlJ(1er a new number, ex
cept for prO\'i~iolls ill the redsed speci
fications which clearly are inapplicable.
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1.2.6. A/S/. The term "AISI"
shall mean the American Iron and Steel
Institute.

1.2.7. Appro'licd. The term "ap
proved" shall mean ha,'ing received the
apprO\'al of the engineer.

1.2.8. DC,sign prcssure. The design
pressure shall be the maximum sus
tained internal hydrostatic pressure to
which the pipe is to he subjected. Gen
erally, the design pressllre for each
pipe, or portion of the pipeline, shall
be the operating pressure established
by the hydraulic gradient or static head
5pecified by the purchaser, whichever
results in the greater pressllre.

1.2.9. T rmisicnt pressure condi
tions. Transier,t pressure conditions
shall be defined as overloads of rela
tively short durathll due to the effects
of water hammer 0; surge.

1.2.10. External loads. The term
"external loads" shall mean all super
imposed li"e and dead loads applied to
the outside of the pipe after installation.

1.2.11. Pipe dial/leter. The term
"pipe diameter" or "size" shall mean
the nominal inside ('Y:Jterway) diam
eter of the pipe.

Sec. 1.3...,.Essential Requirements

The pipe shall have the following
principal features: a welded steel cyl
inder with sizeu steel joint rings
welded to its ends; a lining of con
crete or cement mortar centrifugally
applied within the steel cylinder and
spigot ring; reinforcement consisting
of continuous steel rod wound helically
around the outside of the cylinder at
predetermined stress and secnrely fas
tened by wcluing to the steel joint
ring at each end of the cylinder; a
coating of dense mortar cO"ering the
cylimlcr and rods exccpt for the nec
essarily exposed surfaces of the spigot
joint ring; and a self-centering joint

with a preformed gasket of rubber, so
designed that the joint wiJI be water
tight under all conditions of service.

Sec. lA-Plans and Data To Be
Furnished by the Purchaser

1.4.1. The pmchaser shall designate
the design and transient pressures ap
plicable to each reach of pipeline for
which the pipe shall be manufactured,
as prodded in Sections 1.2.8, 1.2.9, and
3.2. I. The external loading conditions
and the method. or methods, of embed
ment and backfilling shall be speCified.

1.4.2. At least one month prior to
.manufacture, the purchaser shall fur
nish the contractor plans and profiles
showing: alignment and grades; the
location of all outlets, connections, and
special appurtenances; the design head
or design pressll1'CS for c,ach part of
the pipeline ; and such special- details
or information as are necessary for the
manufacture of the pipe and fittings in
accordance with this standard and with
the spetific requirements of the work
for which the pipe is made.

Sec, I.S-Supplementary Details To
Be Furnished by Purchaser

"Then purchasing pipe under the
provisions of this standard, the pur
chaser shall furnish sllppJementary spe
cifications which shall include specific
details concerning the following:

1.5.1. Standard used-that is,
AWWA C303-70.

1.5.2. \\Thether an affidadt of com
pliance (Sec. 1.1 I) is required.

1.5.3. Uanner of storage and de-'
lh'ery, if required of the contractor.

1.5.4. "Thether submission of manu
facturer's design calculations (Sec.
3.2.1) will be required.

1.5.5. 'Vllether a tabulated layout
schedule (Sec. 1.6.2) will be required.
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1.5.6. Identification marks required
(Sec. 1.7).

1.5.7. Steel test reports (Sec.
1.10.3) and test specimens (Sec.
1.10.4) .

1.5.8. \Vhether submission of rub
ber gasket material test reports (Sec.
1.10.5) will be required.

1.5.9. Type of cement required, if
there is a preference (Sec. 2.1.1).

1.5.10. "'hether quality control test
reports on concrete lining (Sec. 1.10.2)
will be required.

1.5.11. \Vhether aggregate samples
(Sec. 2.3.) will be required.

1.5.12. Type of protective coating
on exposed portions of joint rings
(Sec. 3.3).

1.5.13. \Vhether submission for ap
proval of details of 111:lterials and meth
ods of welding (Sec. 3.5.2) "'ill ve re
quired.

1.5.14. Whether details of specials
and fittings are to be furnished by
manufacturer (Sec. 4.1).

Sec. 1.S-Data To, Be Submitted by
Manufacturer
1.6.1. Dra\vings and schedules

showing full details of reinforcement,
concrete, and joint dimensions for the
pipe shall be furnished by the manufac
turer. All drawings and schedules
shaH be suvmitted for approval in quad
ruplicate, and one copy shall be re
turned to the manufacturer and one
copy transmitted to the contractor after
apprO\·al. Unless authorized by the
purchaser, no pipe shall be manufac
tured until the drawings have been
approved.

1.6.2. When specifically required,
the data submitted by the manufacturer
sh~ll include a tabulated layout sched
ule, with reference to the stationing and
grade line shown on the contract draw
ings. The schedule shall show pressure
zones, each of which shall be desig-

nated by the design pressure and trans
ient pressure applicable therein, and
the point of change .from one zone to
the next shall be clearly indicated by
station number. The diameter of the
pipe, the design pressure and transient
pressure, and area of steel (per linear
foot of pipe wall) in the reinforcing
rods and steel cylinder shall be listed
for each portion of pipeline.

Sec. 1.7-Marking

Each special and each length of
straight pipe shall have plainly marked
inside on the bell or spigot end the
identification marks specified by the
purchaser. These shall include, as spec
ified, either the pressure for which the
pipe or special is designed or the area
of effecti\'e circumferential reinforce
ment per foot of pipe wall. Special
marks of identificat ion, sufficient to
show the proper location of the pipe
or special in the line hy reference to
layout dra\\"ings and schedules specified
under Sec. 1., shall be placed on the
pipe if specifically required. All
ue\'eled pipe shall be marked \vith the
amount of the uevcl, and the point of
r.mximum pipe lcngth shall be marked
at the end of the spigot.

Sec. I.S-Inspection

1.8.1. The purchaser and his repre
scntatives shall have access to the work
wherevcr it is in preparation or prog
ress, and the manufacturer shall pro
dde proper facilities for access and for
inspection.

1.8.2. Inspection by the purchaser or
his representati\'es, or failure of the
purchaser or his representatives to pro
ville inspection, shall not relieve the
contractor or the manufacturer of his
responsibility to furnish materials and
to perform work in accordance with his
standard.
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1.8.3. Tests under Sec. 1.l0 made
by the purchaser, or his representa
tives, on material samples, shall be
made without delay. If any sample
fails to meet the requirements, the
manufacturer shall be notified imme
diately. Material affected by the test
results shall be set aside until final
disposition of the material is settled.
The manufacturer may then request a
review of test procedures and addi
tiona') tests on the material. Duplicate
samples, the numuer of which is to be
agreed upon, should be tested by the
purchaser or his representative, and by
the manufacturer. The manufacturer's
tests shall be conducted by a com
mercial testing laboratory or in the
manufacturer's laboratory, with proper
certification. Tests by either party
may be witnessed by the other. If the
duplicate samples meet the test require
ments, the material shall be accepted.
If the material- is rejected after retest
ing, the manufacturer shall pay all
costs of retesting.

1.8.4. :Material, fabricated parts,
and pipe which for any reason do not
conform to the requirements of this
standard, will be subject to rejection
at any time prior to final acceptance
of tIle pipe. Rejected material and pipe
shall promptly be removed from the
site of the work.

Sec. 1.9-Material and
Workmanship

All material furnished by the con
tractor or manufacturer shall be new
and of the quality specified. All work
shall be done in a thorough, workman
like manner by mechanics skilled in
their various trades.

Sec. I.IO-Tests

1.10.1. Each completed· cylinder
with joint rings welded to its ends

shall be subjected to a hydrostatic test
as specified herein under Sec. 3.5.4.

1.10.2. Quality control test of cen
trifugally applied concrete lining shall
ue made by the manufacturer by the
method described in Sec. 3.6.3, and
test reports shall be made availaule to
the purchaser on request.

1.10.3. Mill test reports or plant
test reports on each heat from which
the steel is rolled shall be obtained by
the manufacturer, and shall be made
a\'ailable to the purchaser on request.

1.10.4. The manufacturer shall pro
vide test specimens cut from each ship
ment of steel for cylinders and for rods,
if required by the purchaser.

1.10.5. Test reports showing the
physical properties of rubber llsed in
the gaskets, as specified in Sec. 3.4,
shall be obtained by the manufacturer,
and shall be made available to th~ pur
chaser on request.

1.10.6. The expense of the testing
of materials and of submitting to the
purchaser test reports in accordance
with this standard and the purchaser's
supplementary specifications referred to
in Sec. 1.5, and the expense of testing
the completed steel cylinder in accord
ance with Sec. 1.10.1, and testing con
crete lining in accordance with Sec.
1.10.2, shall be borne by the manufac
turer. All other tests shall be made by
representatives of the purchaser at the
purchaser's expense, except as other
wise specifically provided.

Sec. 1.1 I-Affidavit of Compliance

The purchaser may require an affi
davit from the manufactur-cr that the
pipe, specials, fittings, and other prod
ucts or materials furnished under the
purchaser's order comply with all ap
plicable provisions of this standard.
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Section Z-Material Specifications

Sec. 2.1-Cement

2.1.1. Cement for concrete and mor
tar shall conform to the "Standard
Specifications for Portland Cement"
(ASTM Designation CISO). Either
Type I or Type II may be used unless
the purchaser specifies a part icular
type. Sampling and testing shall con
form to the individual ASTM specifica
tions designated therein.

2.1.2. Satisfactory facilities'shaH be
provided for identifying, inspecting,
and sampling cement at the mill, ware
house, and the si:e of the \York. The
purchaser shall have the right to in
spect the cement and obtain samples
for testing at any of these points.

2.1.3. Cemcnt shall be stored in a
watertight, dry, well-\"entilated struc
ture.

2.1.4. Cement salvaged by c1eaninO"
• b

cement sacks, mcch:lIllcally or other-
wise, shall not be used in the work.
Cement containing lumps shall be re
jected and shall immediately be re
moved from the site of the work.

2.1.5. If the temperature of the
cement excceds IS0°F., it shall be
stored until cooled to or below that
temperature.

Sec. 2.2-Aggregates

Aggregates for concrete and for ce
ment mortar shall consist of clean,
hard, durable, and uncoated particles
of natural sand or gra\"(~I, or shall be
prepared from the product obtained by
crushing stone, gravel, or other inert
materials having similar qualities.

Aggregates shall conform to the re
quirements of the current "Standard
Specifications for Concrete Aggre
gates" (ASTM Designation C33),
with the exception that the gradation

maybe modified to provide a lining and
coating of maximum density. In no
case shall any of the aggregate used in
the lining of pipe in the diameter range
10-16 in. be retained on a No.4 (4.6
mm) US Standard sieve, nor shall any
of the aggregate used in the lininO" .of

• • b

pIpe It1 the diameter range 18-42 in.
b.e retained on a tin. (12.7 mm)
sIeve.

Sec. 2.3-Samplesof Aggregates

At least 4 weeks prior to mixing
concrete or cement mortar, the manu
facturer, if required, shall provide in
suitable containers, for preliminary ap
proval, samples of not less than 1 cu
ft each of the aggregate to be used in
tlte lining and coating. All samples
sltall ue plainly labeled to indicate the
source of the material, the date, and
the name of the collector. 1Iethods of
sampling aggregates shall be in ac
cordance witlt the "!\fethods of Sam
pling Stone, Slag, Gravcl, Sand, and
Stone mock for Use as H i<Thway Ma-

. 1 ~tena s" (ASTM Designation DiS).

Sec. 2.4-Water

\Vater used for concrete and for ce
ment mortar, and for curing pipe, shall
be fresh water and shall be clean and
frce from. oil, acid, strong alkalis, or
vegetable matter.

Sec. 2.S-Steel for Cylinders and
Special Fittings

2.S.1. Steel sheets for pipe cylinders
and special fittings shall conform to the
"Specifications for lIot-Rolled Carbon
Steel Sheets and Strip, Structural
Quality, Grade C" (ASTl\I Designa
tion ASiO).

2.5.2. Steel plates for pipe cylinders
and special fittings shall conform to the
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"Standard Specification for Low
and Interinediate Tensile Strcngth
Carbon Steel Platcs of Structural
Quality, Grade B, C, or D" (ASTl\£
Designation A283), or to the "Stan
dard Specification for Low and Inter
mediate Tensile Strength Carbon Steel
Plates of Flange and Firebox Qualities,
Grade B or C" (ASTl\I Designation
A285).

Sec. 2.6-S1eeI for Rod and Wire
Mesh Reinforcement

2.6.1. The steel rod for circumferen
tial reinforcement in the pipe shall be
plain round rods conforming to the
"Specification for Carbon nars Subject
to Mechanical Property Requirements"
(ASTl\I Designation A306), Grade
80; or conforming to the "Specification
for Deformed Billet-Steel Bars for
Concrete Reinforcement" (ASTl\I
Designation AG 15), Grade 40. except
Ihat (I) bars shall be plain round bars
and the requirements of Sec. 6, 7, and
14.3 shall not apply; (2) intermediate
diameter bars shall meet the require
designation; and (3) bars of diameter
mcnts for the next smaller bar number

less than Ko. 3 shall meet the require
ments for No.3 bar.

2.6.2. \Vire-mesh reinforcement for
mortar coating amI lining of fittings
shall conform to the "Standard Specifi
cations for Welded Steel Wire Fabric
for Concrete Reinforcement" (ASTl\1
Designation A185).

Sec. 2.7-S1eeI for Joint Rinqs

2.7.1. Steel strips for bell rings less
than t in. thick shall conform to the
"Specification for Hot-Rolled Carbon
Steel Sheets and Strip. Structural
Quality, Grade A" (AST~I Designa
tion ASiO). Steel which meets the re
quirements of AISI-IOI2 for chemical
components will be acceptaLle provided
it conforms to ASTl\I Designation
ASiO, Grade A, in other respects.

Sec. 2.8-Steel Caslinqs for FiUin.qs

Steel castings for fittings shall con
form to the "Specificatioils for Mild
to Medh1t11-Strcngth Carbon-Steel
Castings for General Application,
Grade ia-36, Normalized" (ASTM
Designation A27).

Section 3-Fabrication of Pipe

Sec. 3.1-General Requirements

3.1.1. Pipe shall be furnished in
diameter incrcmcnts of 2 inches for
sizcs 10 in. through 20 in., and in 3
inch incremcnts for sizcs 21 in. through
42 in.

3.1.2. The manufacturer shall fur
nish standard pipe uniform in length
within a range of from 24 to 40 feet,
except that the laying length of pipe
21 in. in diameter and smaller shall not
exceed 32 fcet. Special short sections
may be furnished to meet special con-

ditions. Specials such as bcnds, re
ducers, closure pieces, and other spe
cial fittings may be made in shorter
lengths.

3.1.3. Throughout lining placement
and all subsequent manufacturing oper
:ttions, adequate means, such as gage
rings, stiffener rings, and bracing,
shall be used as necessary to maintain
the out-of-roundness of the cylimler at
any transverse section in the pipe, mea
sured as the difference between maxi
mum and minimum diameters, within
1.0 per cent of the average of these
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3.1.5. The mll11mU111 thickness of
the cement mortar coating shall be ~

in. over the rod reinforcement or 1 in.
o,oer the cylinder, whichever results in
the greater thickness of coating.

diameters. Pipe ends shall be square
with the axis of the pipe within 1 in.
except when beveled ends are fur
nished.

3.1.4. Measured from the inside
surface of the cylinder, concrete or ce
ment mortar linings shall have the
following respective thicknesses and
toler:lOces :

Sec. 3.2-Desiqn of the Pipe

3.2.1. Gencral. The purchaser or
engineer shall state the design pressure
requirements. The design procedure is
set forth in Appendix "A" hereof. The
procedure in Appcndix A in which the
design pressure is applied in accord
ance with formula (I) provides a ca
pacity for transient pressure of at least
50 per cent of the design pressure.
Should the transient pressure exceed
50 per cent of the design pressure at
any point in the pipeline, the required
allowances for transient pressure shall
be statcd in the plans and data to be
furnished by the purchaser pursuant
to Sec. 1.4. If required by the pur
chaser or engincer, the manufacturer
or contractor shall submit design cal
culations for appro,oal prior to the
manufacture of any pipe.

3.2.2. Steel cylinder alld rod reill
forcemcnt. The average circumferen.,
tial stress in the stcel cylinder and rod
reinforcement of the pipe at design
pressure shaH not exceed 16,500 psi
nor 50 per cent of the specified mini
mum yield strength. of the steel used

Steel cylinders shall be made to the
designed diameter with the following
circumferential tolerances:

16 gage
15 gage
14 gage
13 gage
12 gage

:I: lJ, in.
:I: 1 in.

Minimum Cylinder
Thickness

Tolerance on Taped
Circumference

10-16 in.
18-42 in.

Pipe Diameter
Range

10-16 in.
18-21 in.
2-1-33 in.
36-39 in.

42 in.

Pipe Diameter
Range

in the cylinder whcn computed accord
ing to formula (1) of Appendix A.
Under the combined effect of the de
sign pressure and transient pressure,
the average circumferential stress in
the steel cylinder and the rod reinforce
ment of the pipe shall not exceed 75
per cent of the specified minimum yield
strength of the steel used in the cyl
inder when computed according to
formula (2) of Appendix A; Thearea
of rod reinforcement shall not be
greater than 60 per cent of the total
area of circumferential reinforcement.
The area of rod reinforcement shall be
not less than 0.23 sq in. per linear
foot, nor shaIl the center-to-center rod
spacing exceed 2 in.

The area of rod reinforcement in
square inches per linear foot of pipe
waIl shall be numerically equal to at
least 1 per cent of the inside diameter
of the pipe in inches. The design clear
space between rods shall not be less
than 1 diameter of the rod used, and
the rod shall not be less than :lz in.
in diameter. The minimum cylinder
thickness shall be as follows:

Sec. 3.3-Joint Rings

The steel bell-and-spigot joint rings
shall be so designed and fabricated that,
when the pipe is laid, it wiII be self
centered. Each ring shall be formed

Tolerance
± j in.
±h in.

Linin/:
Thickness

~ in.
~ in.

ripe Diameter
Range

10-16 in.
18-42 in.
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1Jy one or more pieces of steel 1Jutt
welded together, either by a resistance
welder or by a haml-electric weld. and
the weld surface shall be ground flush
with the adjacent surface. The rings
shall be expanded by a press beyond
their clastic limits so that they are ac
curately sized. On the finished pipe,
the circumference of the inside bell
ring contact surface shall not exceed
the circumference of the outside spigot
ring contact surface by more than ·it
in. The minimum thickness of the
completed bell rings shall be 10 gage
for pipe sizes 10 in. through 16 in., and
1:16 in. for larger sizes. The cross-sec
tional area of the bell ring plus the
cross-sectional area of the rod rein
forcement oyer the bell shall provide a
total cross-sectional area at least equal
to that furnished in a like length of
pipe wall in the barrel of the pipe be
tween joint rings. The rings shall con
form to the details submitted by the
manufacturer and approved by the
engineer. The joint rings shall be so
designed that, when the pipe is laid
and the joint completed, the gasket
will be tightly enclosed on all four sides
and confined under compression ade
quate to ensure watertightness under
the specified conditions of service.
The contact surfaces shall he smooth,
to prevent cutting of the ruLber gasket
during installation. The portions of
the joint rings which will be exposed

- on the completed pipe prior to installa
tion shall be protec~c:d from corrosion
by an appro\·ed coating.

Sec. 3.4-Rubber Gaskets

3.4.1. The joint shall 1Je scaled with
a continuous solid ring gasket of cir
cular cross-section made of a special
composition ruLLer of such volume as
to substantially fill the recess pro
vided for it. The gasket shall be the

sole element dcpelllled upon to make
the joint watertight and shall have
smooth surfaces free from pitting, blis
ters, porosity, and other imperfections.
The rubber compound shall contain not
less than 50 per cent by volume of first
grade natural crude or first-grade syn
thetic rubber. The remainder of the
compound shall consist of puh-erized
fillers free frol11 rubber substitutes, re
claimed rubber, and deleterious sub
stances. The compound shall meet the
following physical requirements when
tested in accordance with the respec
tive ASTl\1 specification designated.

3.4.2. Te/lsile strength. The ten
sile strength of the compound shall be
at least 2,700 psi for natural-rubber
gaskets and 2.000 psi for synthetic rub
ber gaskets-"l\fethod of Test for Ten
sion Testing of Vulcanized Rubber"
.(AST~I Designation D412).

3.4.3. Elongation at Tllptllre. The
elongation at rupture shall be at least
400 per ':ent for natural-rubber gaskets
and 350 per cent for first-grade syn
thetic-rubber gaskets-"lVlethods of
Test for Tension Testing of Vulcanized
Rubber" (ASTl\I Designation D412).

3.4.4. Specific gravity. The specific
gravity shall not vary more than ±O.OS
n-ithin the range 0.95-1.45-" l\Iethods
for Chcmical Analysis of Rubber Prod
ucts" (ASTl\I Designation D297).

3.4.5. Cold flow. The percentage
of cold flow shall not exceed 20. The
cold-flow determination shall be made
in accordance with "l\Iethods of Test
for Compression Set of Vulcanized
H.uIJlJer" (ASTl\I Designation D395
l\fethod ll), ,,-ith the exception that
the disc shall be a i in. thick section
of the rubbcr gasket stock.

3.4.6. Tensile strength after aging.
The tensile strength of the compound,
after being subjected to an accelerated·
aging test for 96 hours in air at 158°F.•
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shall not be less than SO per cent of
the tensile strength before aging
"Standard Method of Test for Accele
rated Aging of Vulcanized Ruhber by
the Oven Method" (AST~I Designa
tion D573).

3.4.7. Shore duro1llctcr. The shore
durometer hardness shall be in the
range of 55 ± 5 and shall be deter
mined in accordance with "Method of
Test for Identation Ilardness of Rub
ber and Plastics by l\fcans of a Durom
eter" (ASTM Designation D2240,
with the exception of Section 4
thereof). The determination shall be
taken directly on the gasket. The
presser foot shall be applied on a disc
cut from the gasket stock \"hich has a
minimum diameter of i in. and a thick
ness of ! in.

3.4.8. - If required by the engineer,
the contractor shall submit test reports
showing the physical properties of the
rubber compound used in the manufac
ture of the gaskets.

Sec. 3.S-Fabrication of Steel
Cylinders

3.5.1. The steel cylinuers shall be
formed by shaping and welding to
gether cut lengths or coils of specifieu
material and thickness.

3.5.2. Helical or transyerse and
longitudinal seams shall be butt
welucd, or offset butt- or lap-welded
with the offset edge on the inside of
the cylinder. All welds shall be made
downhand by the manual or automatic
shielded-arc process. Welding shall
be done so that there is thorough fusion
and complete penetration. Prior to
welding, the sheets or plates shall be
fitted closely and during welding shall
be held firmly. The manufacturer shall
submit for approval, if required, the
specific details of materials and meth-

ods he proposes to use before any weld
ing is done.

3.5.3. Specimens for bending tests
of welds shall be furnished by the con
tractor to the engineer as required.
The number of cylinders from which
test specimens are required to be cut
shall not exceed one in e\-ery 3,000 ft
of pipe, provided that, if tests indicate
the welding is unsatisfactory, the con
tractor shall furnish additional samples
as required by the engineer. Cylinders
from which test specimens have been
cut may be patch welded in an ap
proved manner and used in the work.
The test specimens, procedure, and re
sults shall conform to the requirements
of the "1fethod for Guided Bend Test
for Ductility of Welds" (ASTM
Designation E190), except that the die
width shall be ~ in. and the plunger di
mension shall be less than ~ in. by ap
proximately twice the maximum metal
thickncss plus ~ in. The weld shall
not be machined. The specimen shall
not fracture complctely, and no cracks
exceeding -(6 in. in any direction shall
be present in the weld metal or between
the ,,·eld metal and the pipe metal.
Cracks that originate at the edges of
the specimen and that are less than
~ in. long shall not be cause for re
jection. The expense of the welding
tests shall be borne by the purchaser.

3.5.4. Each steel cylinder, with joint
rings welded to its enus, shall be sub
jectcd to a hydrostatic test under wa
ter prcssure which stresses the steel
to a unit strcss of at least 20,000 psi
but not greater than 25,000 psi. While
under pressure test, all welds shall be
thoroughly inspected and all parts
showing leakage shall be marked. Cyl
inders which show any leakage under
test shall be' rewelded at the points of
leakage and subjected to another hy
drostatic test. The finished cylinder,
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with joint rings attached, shan not be
used in the work unless it is completely
watertight under the required test pres
sure. Further welding on tested cyl
inders will not· be permitted unless
tested as required by Sec. 4.5, or as
approyed by the engineer.

Sec. 3.6-CentrifuqalIy Applied Con
crete or Cement Mortar Lining

3.6.1. Gel/eral. Before the steel
cylinder is wound with rod reinforce-
ment, a concrete or cement mortar lin
ing shall be centrifugally cast within
the cylinder to provide a dense, hard.
smooth lining of the thickness called
for in Sec. 3.1.4. Cement mortar for
lining shall consist of one part of ce
ment to not more than three parts of
fine aggregate by weight, and water.
Only enough water to obtain proper
characteristics of the material shall be
llsed, and the total free water content
of the mixed mortar shall not exceed
7-~ gallons per sack of cement. Con
crete for lining shall consist of cement,
fine aggregate, coarse aggregate, and
water. The minimum cement content
shall be 7 sacks per cubic yard of con
crete.

3.6.2. Mixil/g al/d placillg. The ce
ment and aggregate shall be batched
by weighing. A iter the final tempering
of the mix with water, the material
shall be mixed for not less than one
half minute in pan or turLine type
mixers. or for not less than one minute
in paddle type mixers. There shall be
no retempering of the mix once the
concrete or mortar has been discharged
from the rnixcr. All water used in the
mix shall be metered, and allowance
shall be made for any free moisture
present in the sand. The temperature
of the mix shall not be less than 40°F
at the time of placement. Illlmediately
prior to application of the cmortar or

concrete lining, all loose milf scale, ex
cessh-e rust, oil, grease, and other for
eign substances shall be remoyed frol11
all steel surfaces to which the lining is
to be applied. End gage rings shall be
securely attached to the pipe ends to
control the lining thickness, to prevent
mortar leakage, to hold back the lining
in the bell ring, and to stiffen and hold
the pipe ends round. The lining shall
terminate flush with the end of the
spigot ring and shall terminate the dis
tance in from the end of the bell ring
called for on the approved detailed
shop drawings. The end gage rings
shall remain in place until the end of
the primary cure unless other measures
at least equally effective are taken to
stiffen and hold the pipe ends round.
Stiffener rings, if used, shall also re
main in place during the pri;nary cure
unless equivalent support is prodded
by other means. Immediately upon
completion of the lining operation, the
pipe shall be 1110yed to. the primary
curing area. Care shall be exercised
at all tillles during handling to prevent
damage to the lining.

3.6.3. Strel/gtll al/(i quality c01ltrol
of COl/crete IiI/iI/g. Concrete usecl for
lining shall haye a cOl1lpressiYe strength
of not less than 3,000 psi in 7 days
and 4,500 psi in 28 days. A mini,nulll
of one set of three cylinders from each
day's pour shall be prepared and tested.
Concrete samples may be· prepared by
omitting sufficient water from the pro
duction mix to obtain a 1-3-in. slump
and the cylinders shall be prepared
from this sample in accordance with the
"Standard Method for 1\Iaking and
Curing Concrete Compression and
Flexure Test Specimens in the Field"
(ASTM Designation C31), and shall
be tested in acconbnce with the
"Standard Method of Test for Com
pressive Strength of Molded Concrete
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Cylinders" (ASTM Designation C39).
If laboratory facilities are not avai1aI)le
at the plant, then the tests shall be
made by an approved testing labora
tory. As an alternate, a small spinning
device may be used, with a steel cyl
inder dimensioned in accordance with
the standard test cylinder as described
in AST~I Designation C3 I, and the
concrete may be spun into the cylinder
with a thickness of at least 1tin.
The concrete shall be removed fr0111 the
mix in accordance with the "Standard
:Method of. Sampling Fresh Concrete"
(ASTM Designation CI72). Curing
of test specimens shall be the same as
curing the pipe. The specimens shall
then be tested in accordance ''lith
AST1I Designation CJ9, using the net
concrete area to determine the com
pressive strength.

3.6.4. Curing prior to placement of
rod reinforcement. Linings shall be
either steam cured or moist cured at the
option of tl-.e manufacturer, except that
moist cure may be used only if the
minimum ambient temperature exceeds
40°F continuously during the required
minimum curing period. In either
case, linings shall be kept continuously
moist until the completion of the min,i
mum curing period, after which the
pipe may· be wouncl with the rod rein
forcement.

3.6.4.1. Stealll cure. Steam curing
may begin immediately on arrival of
the pipe at the primary curing area,
but the temperature of the pipe shall
not excee<1 90° F for three hours or
tll1til the mortar has t:lken its initial
set, whicllc\'er occurs lirst. The am
bient vapor shall then be maintained
at a temperature between 110° l' and
150° F for a minimum curing period
of six hours.

3.6.4.2. Moist cllre. On arrival at
the primary curing area, pipe ends shall
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be covered with plastic or wet burlap
for a minimum period of 24 hours, and
the ambient temperature shall be main
tained continuously above 40°F during
such period. The moist curing period
shall be continued one hour for each
hour, during the first 24, during which
the ambient temperature is below 50°F.

Sec. 3.7-Placinq of Rod Reinforce-
ment

After the lining has been cured as
specilied in Sec. 3.6.4, ,circumferential
reinforcing rod shall be wound helically
around the cylinder under a tensile
stress equal to from 110 per cent to
125 per cent of the difference between
the specified minimum yield points of
the rod and cylinder. An accurate and
dependable device shall be prO\·ided for
tensioning and for measuring and indi'
cating the tension in the rod reinforce
ment during the winding opera! ion.

On standard pipe, circumferential
rod reinforcement shall be continuous
from the bell to the spigot ring. All
splices shall be lap welded, butt welded,
or otherwise spliced so as to be equal
in strength to the minimum specified
strength of the rod. Rods shall be
welded only to the joint rings and
shall not be welded to the cylinder.
The welded connections to the joint
rings shall be sufficiently strong and
secure to anchor the rod against its
specified minimum yield strength.
The number of coils of rods along any
2 ft length of cylinder shall not be less
than required by the design.

As the circumferential rod reinforce
ment is wound, a portland cement paste
composed of one sack of cement to six
(G) gallons of water shall be applied to
the rod or to the cylinder just ahead
of the rod so that the portion of the rod
bearing against the cylinder will be
coated with cement paste. Up to, but
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not exceeding, ten (10) gallons of
water may be uscd pcr sack of cenlcnt
in hot, arid rcgions. A rctarder of a
type apprO\-cd by the cnginccr may be
lIsed in the mix. Immediately prior to
placement of the cement paste, all loose
mill scale, excessive rust, oil, grcase,
and other foreign substances shall be
removed from all stcel surfaces with
which the cement paste will be in con
tact.

Sec. 3.8-Cement Mortar Coati~q

3.8.1. General. Aftcr the lincd cyl
inder has been wrapped with tcnsioned
rod reinforcement, an exterior mortar
coating shall be applied. r-.rortar for
coating shall bc composed of one part
cement and not more than three parts
fine aggregate which shall be batched
by weighing, and a minimum watcr
contellt of 6 pcr cent of the total dry
weight of cement and aggregate. The
cement and fiue aggrcgate shall con
form to Sec. 2.1 and Sec. 2.2, respec
th·el,}'. Clean "rcbound material" may
be reused as fine aggregate prO\'id"ed it
is used within 30 minutes from the
time it was mixed and it does not ex
ceed SO per cent of the aggregate con
tent of the mortar mixture. "Rebound
material" shall be dcfined as mortar
that does not adhere to the pipe during
the application of the coating. Imme
diately prior to placemcnt of the cement
paste required by Scc. 3.8.2, all loose
mill scale, excessive rust, oil, grease,
and other foreign substances shall be
removed from all surfaces with which
the cemcnt paste will be in contact.

3.8.2. Mixing alld plaring. The ce
ment and aggregate shall be batched
by weighing and mixed not less than i
minute in pan or turbine type mixers,
and for not less than 1 minute in paddle
type mixers. There shall be no addi
tion of water once the mortar has been
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discharged from the mixer. All water
used in the mix shall be metered, and
allowance shall be made for any free
moisture present in the sand. The
tcmperature of the mort~r mix shall
not be less than 40°F at the time of
placement.

Cement mortar coating shall be de
posited by high yelocity impact using
an approYed method so that a dense,
durable coating of thickness at no point
less than specified in Sec. 3.1.5 will be
obtained. The finished coating shall
be dense and firm throughout, and shall
be in intimate contact with all steel
surfaces. The coating shall extend to
the end of the bell ring and shall be
struck off at the end of the bell ring
in the shape shown on the approyed de
tailed shop drawings. The coating
shall terminate the distance in from
the spigot ring called for on the ap
proved detailed shop drawings. Imme
diately preceding application of the
coating, a cement paste composed of
one sack of-portland cement to six (6)
gallons of water shall be applied uni
formly over thc steel surfaces and the
previously applied ccment paste re
quired under Sec. 3.7. Up to, but
not exceeding, ten (10) gallons of
\Yater may be used per sad, of cement
in hot, arid regions. A retarder of a
type approved by the engineer may.be
used in the mix.

\Vithin a period of 8 hours.after ap
plication of mortar coating, the pipe
shall be handled only with belt slings
or other suitable mcans to preyent dam
age to the coating. The pipe may not
be rolled until curing has uecncom
pleted. Dropping or bumping ·of pipe
will not be permitted.

Sec. 3.9-Curinq of Completed Pipe

3.9.1. Gel/eral. The completed pipe
shall be cured by moist curing or by
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steam curing methods. Moist and
steam curing may be used interchange
ably on a time ratio basis of 4 hours
of moist curing to 1 hour of stearn
curing except that moist curing may be
used only if the minimum ambient tem
perature exceeds 40°F. All freshly
coated pipe shall be adequately pro
tected from freezing or excessively high
temperatures.

3.9.2. Moist cllre. After the pipe
has been coated, its inner and outer sur
faces shall be kept continuously moist
by intermittent sprinkling of the pipe
for a period of at least 6 days or 144
hours before the pipe is moved to the
job ·site. -r-.foist curing shall beg-in as
soon as the pipe can be sprinkled with
out damage to the coating. The moist
curing period shall be continued one
hour for each hour, during the first 2-1-,
during \vhich the ambient temperature
is below 50°F.

3.9.3. Steam c/lre. The pipe shall
be placed in a steam curing chan~ber

or otherwise covered by a suitable en
closure that wiII atlow proper circula
tion of steam for curing both the lining
and the coating. Steam curing of the
pipe may begin immediately after the
coating operation and, in any event,
shan begin within 6 hours thereafter,
but the temperature of the pipe shall
not exceed 90°F until the cement mor
tar coating has taken its initial set, or
until a period of 3 hours has elapsed,
whichever occurs first. The pipe shall
then be kept moist at a temperature
between 110°F and 150°F for a mini
mum continnous period of 36 hours.

3.9.4. Additional clIre. Pipe stored
in the manufacturer's yard after cnring
shan be additionally moist cured if
necessary to prevent excessi\'e drying
unlil ddivery to the job site.
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Sec. 3.10-Repair of Lining and
Coating

The portion of the lining or coating
to be repaired shall be removed to the
depth of the defective concrete or mor
tar. For coating repairs, additional
mortar shall be removed from around
the reinforcing rods asnccess:lfY to
proyide for kcying of the repair mortar
to the reinforcement assembly. The
mortar used for repairs shall have the
same proportion of cement and sand
as specified for mortar in Sec. 3.6.1 and
Sec. 3.8.1, and shall be placed by me
chanical means or by hand application
to the futl required thickness. Repairs
shall be cured as specified in Sec. 3.9
or by prompt application of a clear or
white-pigmented sealing compound
{:"onforming to the "Specification for
Liquid 1fcmbrane-Forming Com
pounds for Curing Concrete" (ASTM
Designation C309). Repaired pipe
shall not be shipped or handled for a
minimum of 24 hours foHowing appli
cation of sealing compound, or follow
ing completion of curing by the meth
ods. Continucd care shaH be exercised
thereafter to protect the repaircd areaS
and to maintain the mcmbrane seal if
sealing compound has· been applied.
If in any section of pipe the defects or
injuries are so numerous or extensh·e
that, in the judgment of the purchaser
or the engineer, it would be unsatis
factory to make separate repairs of sl1ch
defccts or injuries, tIle lining or coat
ing, as the case may be, in such sec
tion of pipc shall be removcd in its en
tirety and replaced. \Vhere the entire
lining is remO\'ed, such remO\·al and
the replacement and primary curing of
the lining shaH he completed before the
reinforcement rod is applied to the steel
cylinder. In the eycnt thc defects or
iJljllfies which, for the reasons stated
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above, would require removal of the
entire lining are not detected or do
not occur until after the reinforcement
rod has been applied, then the affected
section of pipe shall be rejected.
\Vhere defects in the lining are de-

tected, or injuries thereto occur, before
the reinforcement rod has been applied
to the cylinder, and separate repairs are
permitted, such repairs and the primary
curing thereof shall be completed be
fore the reinforcement rod is applied.

Section 4-Specials and Fittings

Sec. 4.I-General

The manufacturer shall furnish all
fittings and special pieces required for
c1osllres, cun-es, bends, branches, man
holes, air Yah-es, blowol1's, and con
nections to main-line valves and other
piping shown on the .contract drawings
or ordered by the purchaser. Specials
shall conform to the details furnished
by the purchaser. or, if required, to the
details furnished by the manufacturer
and approved by the purchaser. Un
less otherwise prescribed or appro\'ed
by the purchaser, special fittin~s shall
he fabricated of welded steel sheet or
plate, and shall be lined and coated with
cement mortar. The mortar coating
shall be reinforced with wire mesh as
hereinafter specified and the mortar
lining shall be similarly reinforced
where prescribed. The thickness of
the sheet or plate, as a minimum, shall
conform to the design requirements of
Sec. 3.2, and to the fmther requirement
that the maximum circumferential
stress in the fitting- at design pressnre
shalt not exceed 15,000 psi. Notwith
standing the provisions of Sec. 3.2 as
to minimum cylinder thickness, the
minimum thickness of sheet or plate
for fittings shall be as follows:

Ranl:~ of Maximum
Fil~in& Dlame~er

10-21 in.
24-36 in.
39-42 in.

Minimum Thkkn~ss
01 Shttt 01 Plat~

10 gage
7 ga\:e
1 inch
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Sec. 4.2-Specials

4.2.1 The steel for the fabricated
steel sheet or plate specials shall be cut,
shaped, and welded so that the finished
special shall have the required shape
and interior dimensions. The deflec
tion angle between adjacent segments
of a bend shall be not greater than
221 deg. Adjacent segm~nts shall be
joineu by lap or butt \yclding. Fabri
cation and \yelding shall conform to
the reC]uirements of Sec. 3.5 and to
such additional rCfluirements for weld
ing steel plate as the purchaser specifi
cally prescribes.

4.2.2 Crimped wire mesh reinforc
ing shall be applied to the exterior sur
faces of the fabricated special. It
shall be 2 X 4 in., l3-gage, \velded wire
fabric, held ~ in. from the surfaces of
the steel sheet or plate. Plain 2 X 4 in.
13-gage, welded wire mesh shall be
applied by welding to the interior steel
surface of fittings 27 in. in diameter
and larger which are to be cement mor
tar lined. \ Vire mesh reinforcing will
not be required for centrifugally placed
concrete or cement 1110rtar lining. The
members on the 2 in. spacing shall ex
tend circumferentially around the spe
cial with ends oyerlapped 4 in. and tied
toget her. Longitudinal splices shall be
staggered.

4.2.3 Stecl plate specials shall be
lined with mortar to a thickness com
patible with the pipe, but under no
conditions shall the lining be less than
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~ in. thick. The exterior mortar coat
ing shall be at least 1 in. thick. The
mortar shall contain not less than 1
part cement to 3 parts sand, of a grad
ing apprO\'ed for the method of appli
cat ion used, and shall conform to the
applicaule provisions of Scc. 3.8.

4.2.4 1\1ortar-coated spccials shall
be cured uy moist spraying or by steam,
as spccified in Sec. 3.6.4 and Sec. 3.9,
or by an approved membrane.

Sec. 4~3-Curves, Bends, and
Closures

Slight deflections for horizontal and
\'ertkal angle points, long-radius cur
ves, or alignment corrections may be
made by unsymmetrical closure of
joints, provided that the interior joint
spaces are 110t at any point less than
the minimum or more than the ap
plicable maximum specified in the fol
lowing tabulation:

Special beveled joint designs may be
used ,,-ith a maximum deflection of 5
deg per joint, provided they comply
wilh the requirements of Sec. 3.3.
Short-radius CUf\-es and closures shall
conform to tl~e provisions of Sec. 4.1
and Sec. 4.2.

Sec. 4.4-0penings and Connections

Manholes and flanges, spigot or bell
connections for air valYes, blowofTs,
or connections to other pipe shall be
built into the walls of the concrete pipe

Interior Joint Spa""
Normal Alinimum ltloximum

at locations shown on the contract
drawings or ordered by the purchaser.
Openings in special fittings or pipe
shall be reinforced with collars, wrap
pers, or crotch plates. The reinforce
ment rods on the pipe shall be securely
fastencd by welding on each side of the
outlct. The casting or fabricated out
let shall be welded to the saddle plate
or sadJle neck and cylinder after the
hole is cut through the plate, cylinder,
and concrete. Alternative outlet de
signs may be used, if specifically ap
proved by the purchaser. All mate
rials for openings and connections, and
the fabrication thereof, shall conform
to the provisions set forth elsewhere in
this standard, so far as applicable.

Sec. 4.S-Testing

The seams in angle pipe, short radius
bcnds, and special fittings shall be
testeJ by the air-soap method using air
at a pressure of 5 psi; except that, at
the option of the manufacturer, the
dye-pcnctrant mcthod may be substi
tutcd. IIO\\"c\'cr, jf the fitting is from
cylinders which haye been previously
hydrostatically tested, no further test
will be required on seams so tested. At
the option of the manufacturer, hydro
static tcsting of fittings to 120 per cent
of the design pressure plus the esti
mat ed maximum jncrement of pres
sure due to transient conditions may
replace the tests described aboye. Any
defects revealeJ by any of the alternate
test methods shall be repaired by weld
ing and the specified testing repeated
until all defects haye been eliminated.

1 in.
1~ in.

lin.
1 •• In.

1 •
• Ill.
1 .
• Ill.

12-21 in.
24-42 in.

Pi~ Dlam~t~r
Rang~
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Produced According to
AWWA Standard C·301·72

TYPE OF PIPE

STEEL REINFORCEMENT

The wire used for circumferential reinforcement shall conform
to the requirements of "Standard SpeCIfication for Hard·Drawn
Steel Mechanical Spring Wire", ASTM Design:ltiun A-227 and "Stan
dard Specification for Steel Wire, Hard-Drawn for Prestressing C0n
crete Pipe", ASTM Designation A-648.

The steel cylinder shall be made of hot rolled steel sheets not
lighter than No. 18 gage U.S. Standard for 16" through 48" and 16
gage for 54" and larger and conforming to the requirements of
"Standard Specification for Hot-Rolled Carbon Steel Sheets and
Strip, Structural Quality", Grade C, ASTM DesiQnation A·S70.

Each completed cylinder, with joint rings -welded to its end.,
shall be Subjected to a hydrostatic test by closing the ends at the
joint rings; filling with water in contact with welds at all points; and
raising the water pressure to produce a stress of 20,000 to 25,000
psi in the cvlinder. While under pressure test, all welds shall be
thoroughly inspected. If any leaks are found, they shall be repaired
and the cylinder shall be retested. The finished cylinder, with joint
rings attached, shall be watertight under the required test pressure.
Welding shall be by an approved process and test welds shill be
furnished from the work as required.

joints. The gasket shall be a continuous ring of suitable cross-section
and of such size as to fill the groove on the spigot joint ring when
the pipes are laid. The rubber gasket shall be the sale element
depended upon to make the joint watertight and shall have smooth
surfaces free from pitting, blisters, porosity and other imperfections.
Each gasket shall be subjected to a stretch of 100% and examined
for any defects while in the stretched condition. Cement mortar 01f

plastic materials used to finish the joint shall not be depended upon
for watertightness.

Synthetic isoprene gaskets shall comply with the following
physical requirements:

Tensile strength, min. psi- •••••••••••••••••••• , ••••• 3000
Elongation at rupture, min. percent. • • • •• • •• • • •• • • • • • 425
Compression set. max. percent •••••••••••••••• '. • • • • 18
Accelerated aging

Tensile strength retained, min. percent of original ••••• as
Elongation retained, min. percent of original •••••• ,.. 80

Water absorption
Volume and weight increase, max. percent. • • • • •••• • • 5

Ourometer hardness, points •••••••••••• _• • • • • • • • •• 6O;tS

The physical properties of the gaskets shall be determined in
accordance with the following methods:

Tensile Strength "Tension Testing of Vulcanized Rub
ber", ASTM Designation 0-412

Elongation "Tension Testing of Vulcanized Rub
ber", ASTM Designation 0-412

"Compression Set of Vulcanized Rub
ber", ASTM Designation 0·395, Method
B, age 22 hours at 70°C

"Oven Test for Aging of Rubber".
ASTM Designation 0-573, age 96 hours
at 700 C

"Change in Properties of Elastomerie
Vulcanizates Resulting from Immersion
in Liquids", ASTM Designation 0-471,
age 48 hours at 70°C

"'ndentation Hardness of Rubber and
Plastics by Means of a Ourometer", Type
A, ASTM Designation 0-2240

Accelerated Aging

Compression Set

Water Absorption

Durometer Hardness

STEEL CYLINDER

PIPE DESIGN

The dimensions of the straight pipe shall be in accordance with
the table on the facing page. Special pipe for bends. reducers.
closure pieces and other fittings may be made in shorter lengthS, as
required.

The pipe shall be round and true. The average internal diameter
of the straight pipe shall not be less than the nominal diameter by
more than 1/4" for pipe 36" and smaller; by more than 3/8" for
pipe 42" and 48"; or by 1/2" for pipe 54" and larger.

DIMENSIONS

The pipe shall be of -the type known as Prestressed Concrete
Cylinder Pipe. It shall be reinforced with a welded steel cylinder
with steel joint rings welded to its ends. The steel cylinder shall be
lined with concrete, wrapped with a high tensile strength wire under
tension and coated with a dense covering of cement mortar. Each
pipe shall be constructed with a self-centering expansion joint sealed
with a rubber gasket and capable of caring for normal movement
due to earth settlement and extremes of temperature.

PIPE JOINTS
The joint shall be sealed by a rubber gasket in such a manner

that it will remain tight under all conditions of service, including
movement due to expansion, contraction and normal settlement.
Each length of pipe shall be provided with bell and spigot ends
formed by steel joint rings welded to the cylinder. The spigot ring
shall be lined with concrete on its interior surface and the bell ring
shall be covered with mortar on its exterior surface. Portions of the
joint rings which will be exposed after the pipe is manufactured
shall be protected from corrosion by an approved coating. The
spigot ring shall have a groove for the purpose of receiving, holding
and protecting the gasket. The joint surfaces shall be of such shape
and dimensions that the joints will be self-centering when the pipe is
laid so that the gasket will not be required to support the weight of
the adjoining pipe.

Steel of flat section for bell rings 3/16" thick shall be used on
pipo sizes up to and including 3S" and shall conform to "Standard
Specification for Hot·Rolled Carbon Steel Sheets and Strip, Struc
tural Quality", Grade C, ASTM Designation A·570.

Steal plate for bell rings 1/4" or more in thickness and special
shapes for spigot joint rings shall conform to "Standard Speci
fications for Carbon Steel Bars Subject to Mechanical Property
Requirements", Grade 50, ASTM Designation A-30S.

The gasket sealing the joint shall be made of a special com·
position rubber having a texture to assure a watertight and perma
,ent seal and shall be the product of a manufacturer having at least
five years' experience in the manufacture of rubber gaskets for pipe

The diameter of prestress wire used, its centerline spacing and
the tension under which it is wound around the core shall be such
that the core will be sufficiently compressed to withstand an inter·
nal hydrostatic pressure equal to at least 1.25 times the design
operating pressure without inducing tensile stress in the core. The
elastic and inelastic deformations of the concrete and steel shall be
taken into considE.'ration. The gross wrapping stress in the high
tensile wire shall not exceed 75% of the minimum ultimate tensile
strength of the wire. The maximum centerline spacing shall be
1-1/2". Minimum centerline spacing of wire shall be that which
produces a clear distance between wires of 3/1S". The minimum
diameter of wire used shall be No.8 gage.

Steel sheets and steel wire of qualities other than those indicated
below may be u-sed, provided the desig:l of the pipe is based upon
the respective physical properties of the materials.

The core shall not be wrapped with wire untit the concrete has
reached the specified strength. The initial compression induced in
the concrete shalt not exceed 55% of its compressive strength at the
time of wrapping.
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CONCRETE CEMENT MORTAR COATING
Cement shall fulfill the requirement of "Standard Specification'or Portland Cement", ASTM DesIgnation, C-150. Concrete aggre

gates shall be composed of hard durable particles, clean and free
from loam or organic materials. Water used in mixing the concrete
shall be clean and free from deleterious amounts of acids, alkalis or
organic materials.

The concrete used in the manufacture of the pipe shall consist of
cement, sand and crushed stone or crushed or uncrushed gravel
lCCurately proportioned for density and strength. In no case shall
~ cement content be less than 564 fbs. (6 bags) per cubic yard in
the finished product.

The concrete lining of the steel cylinder shall be placed by thtl
centrifugal process or other approved method. The concrete place
ment method in conjunction with the curing procedure employed,
shall produce concrete of the required strength of Quality. The inner
surface of centrifugated pipe may be finished either while it is still
in the machine or by means of a honing operation after the concrete
has set. When the placing of the concrete is completed, the lined
cylinder shall be placed in position for curing.

The COncrete shall have a minimum strength of 3000 psi at seven
days and 4500 psi at 28 days as measured by 6" x 12" companion
cylinders molded in accordance with the "Standard Method for
Making and Curing Co"crete Compression and Flexure Test Speci
mens in the Field", ASTM Designation C-31. and cured in the same
manner and for the same duration as the pipe. To conform to the
requirements of this section, the average of any ten consecutive
strength tests of cylinders representing each type of concrete shall
be equal to or greater than the specified strength and not more than
20% of the strength tests shall have values less than the specified
strength.

CURING OF CONCRETE
Curing shall be by either steam or water. The use of water shall

be limited to times when the temperature in the curing enclosure is
continuously above 400 F. Adequate· facilities and space shall be
provided for proper curing.

Steam Curing-The cores shall be placed in the steam curing
chamber or otherwise covered by a suitable enclosure that will allow
proper circulation of steam. A delay period of from 1 to 4 hours
shall be allowed before moist steam is admitted in contact with the
cores. The temperature within the enclosure shall be gradually raised
to at least 11 OaF and not more than 1500 F for a period of at least
24 hours. The preset time shall be inclUded in the 24 hour period.
Curing by steam shall be continuous, except during a period suf~

liciel'lt to remove the forms or supporting rings•
. The end rings shall not be removed until at least 6 hours after

the beginning of steam curing. Following this minimum period, in
lieu of further steam curing, the cores may be moved to the storage
yard. where they shall be kept continuously moist by intermittent
spraying for a period of at least 5 days.

Water Curing-The core shall be kept moist by water spraying for
a period of 32 hours. The end rings shall not be removed from the
core until at least 12 hours after beginning of curing. After being
placed in the storage yard, the core shall be kept moist by inter
mittent sprinkling for a further period of three days.

The cement mortar coating shall be applied to the cores after
they have been wrapped under tension with high tensile wire. The
mortar used for this coating shall consist of one part of cement to
not more than 3 parts of fine aggregate measured by volume. The
mortar shall be placed on the pipe by a machine in which the
mortar, previously mixed, is driven against the exterior surface of
the core to produce a dense coating around the prestress wires. The
thickness of coating, measured from the outer surface of the cylin
der. shall not be less than that specified.

CURING OF MORTAR COATING
Steam Curing-The coated pipe shall be placed in the curing

chamber as soon as practicable after placing the coating and shall be
steam-cured as specified under Curing of Concrete for a period of at
least 12 hours. The pipe shall be handled in such a manner as to
avoid injury to the coating during transportation to and from the
curing chamber.

Water Curing-As soon as the coating has setsufficiently, it shall
be kept moist by continuous water spraying or by intermittent
spraying and burlap and canvas covering for a period of at least 4
days.

CURVES AND FITTINGS
Curves of long radius may be formed by the deflection of each

joint, by the use of pipe on which the spigOt joint rings are placed
on a bevel or by bevel adapters. Fittings shall be designed to provide
the same strength as the adjacent pipes. Elbows, tees, reducers and
wyes shall be of non-prestressed steel cylinder type construction.
Branch connections or openings such as manholes, air vaives and
blowoffs may be incorporated in straight pipe and shall be suitably
reinforced. Fittings shall be provided with joint rings corresponding
to those on adjoining straight pipes. Special adapters Shall be pro
vided where required to connect to valves or pipes of other manu
facturers.

NOTE-Pipe lines utilizing the type of pipe covered by the above
specification are designed to meet a test with leakage not
exceeding 25 gallons per inch of diameter per mile of pipe
per 24 hours, at normal operating pressure.

Small cracks in the concrete which are not damaging
should not be considered as cause for rejection.

The term "ASTM" shall mean the American Society for
Testing and Materials. When specific ASTM specifications
are cited. the designation shall be construed to refer to the
latest revision.
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STEEL REINFORCEMENT

The wire used for prestressing shall conform to the requirements
of. "~,tandard Spec~fication for Hard-Drawn Steel Mechanical Spring
Wire , ASTM DeSignation A-227 and "Standard SpeCification for
Steel Wire, Hard-Drawn for Prestressing Concrete Pipe".
Designation A-648.

The steel cylinder Shall be made of hot rolled steel sheets not
lighter than No. 18 gage for 24" thru 4S"diameter pipe and 16 gage
for 54" and above, both U.S. Standard and confcrming to the
requirements of "Standard Specification for Hot-Rolled Carbon
Steel Sheets and Strip, Structural Quality". Grade C. ASTM Desia
nation A·570.

Each completed cylinder, with joint rings welded to its ends
shall be subjected to a hydrostatic test by closing the ends at m:
joint rings; filling with water in contact with welds at all points; and
raising the water pressure to produce a stress of 20,000 to 25,000
psi in the cylinder. While under pressure test, all welds shall be
thoroughly inspected. If any leaks are found, they shall be repaired
and the cylinder shall be retested. The finished cylinder, with joint
rings attached, shall be watertight under the required test pressure.
Welding shall be by an approved process and test welds shall be
furnished from the work as required.

the manufacture of rubber gaskets for pipe joints. The gasket shall
be a continuous ring, of suitable cross-section and of such size as to
fill the groove on the spigot joint ring when the pipes are laid. The
rubber gasket shall be the sole element depended upon to make the
joint watertight and shall have smooth surfaces free from pitting.
blisters, porosity and other imperfections. Each gasket shall. be
subjected to a stretch of 100% and examined for any defects while in
the stretched condition. Cement mortar or plastic materials used to
finish the joint shall not be depended upon for watertightness.

Synthetic isoprene gaskets shall comply with the followillf
physical requirements:

Tensile strength, min. psi •••••••••••••••••••••••••• 3000
Elongation at rupture, min. percent. • • • ••• •• • •••••••• 425
Compression set, max. percent ••••••••••••••••••••• 18
Accelerated aging

Tensile strength retained, min. percent of original ••••• as
Elongation retained, min. percent of original ••••••••• 80

Water absorption
Volume and weight increase, max. percent.. ••• •• •••• 5

Durometer hardness, points. • • • • • • • • • • • • • • • •• • • ••• 6O±,S

The physical properties of the gaskets shall be determined in
accordance with the following methods:

Tensile Strength "Tension Testing of Vulcanized R~
.ber", ASTM Designation 0-412

Elongation "Tension Testing of Vulcanized Rub
ber". ASTM Designation 0-412

Compression Set "Compression Set of Vulcanized Ru~

ber", ASTM Designation 0-395. Method
6. age 22 hours at 700 C

Accelerated Aging "Oven Test for Aging of Rubber".
ASTM Designation D-573, age 96 hours
at 70°C

"Change in Properties of Elastomeric
Vulcanizates Resulting from Immersion
in Liquids", ASTM Designation 0-471.
age 48 hours at 700 C

"Indentation Hardness of Rubber and
Plastics by Means of a Durometer".Type
A, ASTM Designation 0·2240

Durorneter Hardness

Water Absorption

STEEL CYLINDER

DIMENSIONS

TYPE OF PIPE
The pipe shall be of the type known as Prestressed Concrete

Embedded Cylinder Pipe. It shall be reinforced with a welded steel
cylinder with steel joint rings welded to its ends. The steel cylinder
shall be lined with not less than 1" of concrete and the nominal core
wall will be according to the table on the facing page. The core shall
be wrapped with a high tensile strength wire under tension and
coated with a dense covering of cement mortar or concrete. Each
pipe shall be constructed with a self-centering expansion joint sealed
with a rubber gasket and capable of' caring for normal movement
due to earth settlement and extremes of temperature.

PIPE JOINTS

The joint shall be sealed by a rubber gasket in such a manner
that it will remain tight under all conditions of service, including
movement due to expansion, contraction and normal settlement.
Each length of pipe shall be provided with bell and spigot ends
formed by steel joint rings welded to the cylinder. The spigot ring
shall be lined with concrete on its interior surface and the bell ring
shall be covered with concrete on its exterior surface. Portions of
the joint rings which will be exposed after the pipe is manufactured
shall be protected from corrosion by an approved coating_ The
spigot ring shall have a groove for the purpose of receiving, holding
and protecting the pasket. The joint surfaces shall be of such shape
and dimensions that the joint will be self-centering when the pipe is
laid so that the gasket will not be required to support the weight of
the adjoining pipe.

Steel of flat section for bell rings 3/16" thick shall be used on
pipe sizes up to and including 36" and shall conform to "Standard
Specification for Hot-Rolled Carbon Steel Sheets and Strip, Struc
tural Quality", Grade C. ASTM Designation A-570.

Steel plate for bell rings 1/4" or more in thickness and special
shapes for spigot joint rings shall conform to "Standard Specifica
tions for Carbon Steel Bars Subject to Mechanical Property Require·
ments", Grade 50, ASTM Designation A·306.

The gasket sealing the joint shall be made of a rubber having a
texture to assure a w1ltertight and permanent seal and shall be the
product of a manufacturer having at least five years' experience in _ 56-

The diameter of wire used, its centerline spacing and the tension
under which it is wound around the core shall be sufficient to
produce the required prestress in the core. The elastic and inelastic
deformations of the concrete and steel shall be taken into consid·
eration. The gross wrapping stress in the high tensile wire shall not
exceed 75% of the mir.imum ultimate tensile strength of the wire.
The maximum centerline spacing shall be 1-1/2". Minimum center
line spacing of the wires shall be that which produces a clear
distance between wires of 3/16". The minimum diameter of the
wire used shall be No.8 gage.

Steel sheets and steel wire of qualities other than those indicated
below may be used, provided the design of the pipe is based upon
the respective physical properties of the materials.

The core shall not be wrapped with the wire until the concrete
has reached the specified seven day compressive strength. The initial
compression induced in the concrete shall not exceed 55% of its
compressive strength at the time of wrapping.

PIPE DESIGN

The dimensions of the straight pipe shall be in accordance with
the table on the facing page.

Dimensions for larger diameters shall be submitted by the manu
facturer for approval. Special pipe for bends, reducers, closure
pieces and other fittings may be made in shorter lengths as required.

The pipe shall be round and true. The average internal diameter
of the straight pipe shall not be less than the nominal diameter by
more than 1/4" for sizes 36" or smaller; by more than 3/8" for sizes
42" and 48"; by more than 1/2" for sizes 54" to 78"; or by more
than 3/4" for 84" or larger.



CONCRETE
Cement shall fulfill the requirements of "Standard Specification

for Portland Cement". ASTM Designation C-150. Concrete aggre
gates shall be composed of hard durable particles. clean and free
from foam or organic materials. Water used in mixing the concrete
shall be clean and free from deleterious amounts of acids, alkalis or
organic materials.

The concrete used in the manufacture of the pipe shall consist of
cement. sand and crushed stone or crushed or uncrushed gravel
accurately proportioned for maximum density and specified
strength. In no case shall the cement content be less than 564lbs. (6
bags) per cubic yard in the finished product.

The concrete shall be placed in steel molds so constructed that
the inner and outer forms, joint rings and cylinder shall be held in
circular and concentric positions. The molds shall be vibrated during
the placing of each batch of concrete.

The concrete shall have a minimum strength of 3000 psi at seven
days and 4500 psi at 28 days as measured by 6" x 12" companion
cylinders molded in accordance with the "Standard Method for
Making and Curing Concrete Compression and Flexure Test Speci
mens in the Field". ASTM Designation C-31. and cured in the same
manner and for the same duration as the pipe. To conform to the
requirements of this section, the average of any ten consecutive
strength tests of cylinders representing each type of concrete shall
be equal to or greater than the specified strength and not more than
20% of the strength tests shall have values less than the specified
strength.

CURING OF CONCRETE
Curing shall be by either steam or water. The use of water shall

be limited to times when the temperature in the curing enclosure is
continuously above 400 F. Adequate facilities and space shall be
provided for proper curing.

Steam Curing-The cores shall be placed in the steam curing
chamber or otherwise covered by a suitable enclosure that will allow
proper circulation of steam. A delay period of from 1 to 4 hours
shall be allowed before moist steam is admitted in contact with the
cores. The tcmg;rarure within the enclosure shall be gradually raised
to at least 110 F and not more than 1500 for a period of at least 24
hours. The preset time shall be included in the 24 hour period.
Curing by steam shall be continuous, except during a period suf
ficieM to remove the forms or supporting rings.

The forms shall not be removed until at least 6 bours after the
beginning of steam curing. Following this minimum period, in lieu
of further steam curing, the cores may be "tipped" from their basel
and removed to tbe storage yard. where they shall be kept contin
uously moist by intermittent spraying for a period of at least 5 daY'-

Water Curing-The core shall be kept moist by water spraying for
a period of 32 hours. The forms shall not be removed from the core
until at least 12 hours after beginning of curing. After being placed
in the storage yard, the core shall be kept moist by intermittent
sprinkling for a further period of three days.

PIPE COA1"ING
The coating, either cement mortar or concrete. shall be applied

to the cores after they have been wrapped under tension with high
tensile wire.

CEMENT MORTAR COATING
The mortar used for this coating shall consist of one part of

cement to not more than 3 parts of the fine aggregate measured bY
volume. The mortar shall be placed on the pipe by a machine In
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which the mortar. previously mixed, is driven against the exterior.
surface of the core to produce a dense coating around the prestress
wires. The thickness of coating, measured from the outer surface of
the core, shall not be less than that specified.

CONCRETE COATING
The concrete used for this coating shall be so proportioned that

the cement content is no less than 658 Ibs. (7 bagsl per cubic yard.
The concrete shall be placed in steel molds so constructed that the
outer form and the core shall be held in circular and concentric
positions. The molds shall be continously Vibrated during the
placing of each batch of concrete.

The thickness of coating shall not be less than 1".

CURING OF COATING
Steam Curing-The coated pipe shall be placed in the curing

chamber as soon as practicable after placing the coating and shall be
steam-cured as specified under Curing of Concrete for a period of at
least 12 hours. The pipe shall be handled in such a manner as to
avoid injury to the coating during transportation to and from ~
curing chamber.

Water Curing-As soon as the coating has set sufficiently. it shall
be kept moist by continuous water spraying or by intermittent
spra"ing and burlap and canvas covering for a period of at least 4
days.

CURVES AND FITTINGS
Curves of long radius may be formed by the deflection of each

joint, by the use of pipe on which the spigot joint rings are placed
on a bevel or by bevel adapters. Fittings shall be designed to provide
the same strength as the adjacent pipes. Elbows, tees. reducers and
wYes shall t:e of non1)restressed steel cylinder type construction.
Branch connections or openings such as manholes, air valves and
blowoffs may be incorporated in straight pipe and shall be suitablV
reinforced. Fittings shall be provided with joint rings corresponding
to those on adjoining straight pipes. Special adapters shall be pro
vided where required to connect to valves or pipes of other manu
facturers.

NOTE-Pipe lines utilizing the type of pipe covered by the abow
specification ar! designed to meet B test with leakage nOl:
exceeding 25 gallons per inch of diameter per mile of pipe
per 24 hours. at normal operating pressure.

Small cracks in the concrete which are not damaging
should not be considered as cause for rejection.

The term "ASTM" shall mean the American Society for
Testing and Materials. When specific ASTM specifications
are cited, the designation shall be construed to refer to the
latest revision.



PART m. 6

Steel Fittings
Specification

Scope
This specification covers the design and
manufacture of cement-mortar lined and
coated steel fittings for closures, curves,
bends. branches. manholes, outlets; con
nections for main line valves, and other
pipeline appurtenances shown in the con
tract drawings or ordered by the pur
chaser. It is intended to complement speci·
fications for various types of line pipe.

Except for cement-mortar lined and
coated steel pipe, this specification does
not cover mOdifications of line pipe such
as affixing oU11ets to standard pipe sec·
tions. However. the combination or
attachment to line pipe of fittings or
elements of fittings made under this
specification may be permitted.

General
Fittings shall consist of steel sheet or
plate fabricated so that the finished
product. after being lined and coated,
shall have the required strength, shape
and dimensions and shall have joints
compatible with the line pipe or
appurtenances.

Materials

1. Concrete and Cement Mortar

1.1 Cement
Portland cement shall conform to the
current "Specification for Portland
Cement" (ASTM Designation: C150).
Type I or Type II. unless otherwise speci·
fied. Cement shall be stored in a dry. well
ventilated location protected from the
weather.

1.2 Aggregates'
Aggregates shall conform to the current
"Specification for Concrete Aggregates"
(ASTM Designation: C33) , except that
grading requirements therein shall not
apply.

1.3 Water
Water used in mixing and curing concrete
and cement mortar shall be clean and free

from deleterious amounts of oil, acid.
alkalies, and organic materials.

1.4 Admixtures
The use of a,dmixtures containing
chlorides is prohibited.

1.5 Concrete for Centrifugally Placed
Linings
Concrete used to line fittings shall consist
of portland cement, fine aggregate. coarse
aggregate and water. The minimum ce
ment content shall be 7 sacks per cubic
yard of concrete.

1.6 Cement Mortar for Lining and
Coating
Cement mortar shall consist of one part
cement to not more than three parts of
fine aggregate by weight. For centrifugally
placed linings and for hand troweling.
only enough water to obtain the proper
consistency of the mortar shall be used.
and the total free water content of the
mixture shall not exceed 7'h gallons per
sack of cement. For mechanically applied
coatings. the water content of the mortar
shall be not (ess than 6 percent of the
total dry weight of cement and aggregate.
For pneumatically applied mortar, the
amount of water added at the nozzle shall
be adjusted so that the in-place material is
adequately compacted and free of sags.

2. Steel for Reinforcement

2.1 Steel Sheet or Plate
Steel sheets shall conform to the current
"Specification for Hot Rolled Carbon
Steel Sheets and Strip, Structural
Quality" (ASTM Designation: A570).
Grade B or C. Steel plates shall conform
to the current "Specification for Low and
Intermediate Tensile Strength Carbon
Steel Plates of Structural Quality" (ASTM
Designation: A2831. Grade C.or 0 or
"Specification for Structural Steel"
(ASTM Designati'on: A36).

Note: ASTM A570 or ASTM A283 steels
with other yield strengths may be speci-
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fied provided the design circumferential
stress conforms with Section 4.

2.2 Steel Bar or Wire for Reinforcement
Steel bar to be wrapped on the cylinder
shall be plain round bar conforming to
the current "Specification for Deformed
and Plain Billet-Steel Bars for Concrete
Reinforcement" (ASTM Designation:
A615l, Grade 40. except that ASTM
A615 bar smaller than No.3 shall meet
the applicable requirements for No.3 bar.
Steel wire to be embedded in the coating
shall conform to the current "Specifica
tion for Cold-Drawn Steel 'Nire for
Concrete Reinforcement" (ASTM Desj~

nation: A82).

2.3 Steel for Joint Rings
Steel for bell and spigot joint rings shall
conform to the current AISI Grade
Designation 1012 or "Specification for
Merchant Quality Hot-Rolled Carbon
Steel Bars" (ASTM Designation: A575)
Grade Designation 1012 for bell rinss and
"Specification for Special Quality Hot
Rolled Carbon Steel Bars" (ASTM Des!~

nation: A5761. Grade Designation 1012
for spigot rings.

2.4 Welded Wire Fabric
Welded wire fabric shall conform to the
current "Specification for Welded Steel
Wire Fabric for Concrete Reinforcement"
(ASTM Designation: A 185).

2.5 Steel Castings and Forgings
Steel castings shall conform to the cur
rent "Specification for Mild· to Medium
Strength Carbon Steel Castings for
General Application" (ASTM Designa
tion: A27). Grade 70-36. Normalized.
Forgings shall comply with the current
"Specification for Forged or Rolled Steel
Pipe Flanges. Forged Fittings. and Valves
and Parts for General Services" (ASTM
Designation: A 181), Grade lor II.

2.6 Flanges
Flanges for service ratings not greater
than 275 psi shall comply with the cur·
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7. Rubber Gasket Joints
At the option of the manufacturer, bells
and spigots for rubber gasket joints to line
pipe shall be provided by we/ding pre
formed steel rings to the cylinder with or
without spacer rings, or by swaging or
rolling the ends of the steel cvlinder to
the required bell or spigot shape. The
nominal thickness of a preformed bell
ring shall be not less than the thickness of
the steel cylinder to which it is attached.
Bells and spigots for rubber gasket joints
shall have the same nominal diameter as
joints in the line pipe. Joint rings on
completed fittings shall haw~ the follow
ing circumferential tolerances:

Tolerance on Taped
Circumferenc_e~ _

rent specifications for "Steel Pipe
flanges" (AWNA Standard: C207).
Flanges for service ratings greater than
275 psi shall comply with the current
specifications for "Steel Pipe Flanges and
flanged Fittings" (ANSI Standard:
816.5). Flanges 10 inches and smaller
may be slip-on welding flanges conform
ing to ANSI 816.5.

3. Rubber for Gaskets
Rubber gaskets for joints shall meet the
requirements specified for pipe.

Design

4. Sheet or Plate Cylinders
At the design pressure, the average.cir
cumferential stress in the steel or plate
shall not exceed 15,000 psi nor 50 per
~nt of the specified minimum yield
strength of the sheet or plate used in the
evlinder.

S. Bends or Elbows
Unless otherwise indicated, the minimum
~nterline radius of an elbow shall be as
follows:
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\lVhere Ratio =0 . 8
r XSIO

and
Db == Nominal inside diameter of outlet,

tee or wye branch, inches
Dr = nominal inside diameter of run,

inches
e = angle between the longitudinal axis

of the run and branch

At the option of the manufacturer, wrap
pers may be used in place of collars, and
crotch plates may be used in place of
collars or wrappers. Outlets 3 inches in
diameter or smaller may not require
reinforcement.

6.1 Sizing of Collars and Wrappers
The shoulder width "W" of collars or
wrappers from the inside surface of the
branch cylinder to the outside edge of the
collar or wrapper measured on the surface
of the run cylinder shall not be less than
1/3 nor more than 1/2 the length of run
intercepted by the inside diameter of the
branch cylinder. The thickness of the
collar or wrapper shall be not less than
.,." as determined by:.

Joint RinQ

Bell
Spigot

Minus

o
0.10 in.

P!:.;s

0.10 in.
a

The maximum deflection at mitered girth
seams shall be 22.5 degrees.

6. Outlet, Tee and Wye Branches
Type of reinforcement required for out
let, tee or wye branches on fittings shall
depend on the ratio of the length of run
intercepted by the branch to the inside
diameter of the run as shown in the
following table:

Fitting Diameter
Range

uP to 51 in.
61- 60 in.
Ovet' 60 in.

Minimum Centerline
Radius

2.5 times inside diameter
10 feet

2 times inside diameter

PWX IOrx IDbx (2-sin8)
T =

4 x fs x W x sinO

where
f'w = design pressure, psi
IDr= inside diameter of run cylinder,

inches
IOb= inside diameter of branch cylinder,

inches
fs = design stress, psi (Section 4)
o = angle between the longitudinal axis

of run and branch, degrees
T = thickness of wrapper, inches
W =shoulder width of wrapper, inches

Run Maximum Ratio
{)iameter Crotch

Range Collars Wrappers Plates

up to 24 in. .6 1.0 No limit
24 in. and over .8 .8 No Limit

6.2 Crotch Plates
Design of fittings using crotch plates shall
be based on the paper, "Design of Wye
Branches for Steel Pipe," by Swanson,
Chapton, Wilkinson, King and Nelson and
published in the June, 1955 issue of the
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longitudinal seams and girth seams shalt
be butt-welded except that girth seams
between fittings and standard pipe sec·
tions may be lap welded.

The sequence of welding and the fitting
manufacturer's welding procedures are
subject to approval by the purchaser.

All welding shall be done by skilled
welders or welding operators who have
had experience in the methods and
materials to be used.

8.3 Weld Inspection and Testing
All welds shall be visually inspected in
process and upon completion for compli
ance with the approved drawings. Final
testing shall be in accordance with
Section 15 of this specification.

The inspector may request. at any time he
believes satisfactory welding is not being
performed. weld tests made on samples
welded in the same manner as the welding
being performed on the job. The weld
tests and the results shall conform to the
provisions of Section 3.4.6 of the current
SPecification for "Steel Water Pipe 6
Inches and Larger" (AIA'WA Standard:
C2001. If any specimen so tested fails to
meet the requirements, retests of two
additional specimens from the same weld
ing work shari be made, each of which
shall meet the requirements specified.

9. Preformed Joint Rings
The joint ring stock shall be rolled and
butt welded to form round steel rings. Re
sistance or electric arc welding may be
used. Welds on-gasket contact surfaces
shall be ground smooth and flush with the
adjacent surface. The steel joint rings shall
ba sized by expansion beyond their elastic
limits. Steel joint rings shall be attached
to fittings by electric arc welding. The
minimum throat dimension of the joint
ring fillet weld shall be 0.12 inch.

10. Welded Wire Fabric Reinforcing
Crimped 2-inch x 4-inch x No. 13 gauge
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welded wire fabric shall be applied to ex·
terior steel surfaces which are to be
cement-mortar coated. Plain 2·inch x 4
inch x No_ 13 gauge welded wire fabric
shall be applied to interior steel surfaces
of fittings27 inches in diameter and farger
which are to be cement·mortar lined.
Wires at 2-inch spacing shall extend cir
cumferentially around the fitting with the
ends overlapped 4 inches. Longitudinal
splices of fabric shall be staggered. Wire
fabric reinforcing of concrete or cement
mortar linings will not be required for
centrifugally placed or in·place linings.

11. Concrete or Cement-Mortar lining
Concrete or cement mortar for lining
fittings shall meet the requirements of
Section 1.5 or 1.6, and shall be applied
centrifugally, pneumatically. or by hand
troweling. Temperature of the mix shall
be not less than 40°F at the time of
placement. lining thickness measured
from the inside surface of the cylinder
shall not vary more than 25 percent from
the nominal thickness specified on the de
tailed drawings approved by the engineer.
When heavy plate is required, the inside
diameter of fittings may be reduced to
meet this requirement.

11.1 Centrifugal Application
Aggregate and cement for centrifugally
placed lining shall be batched by weigh
ing. All water used in the mix shall be
metered or weighed and allowance shall
be made for free moisture present in the
sand. All materials shall be mixed for not
less than 1 minute in pan, turbine, or
paddle type mixers. No water may be
added once the mix has been discharged
from the mixer.

11.2 Pneumatic Application
Aggregate and cement for pneumatically
applied cement mortar shall be batched
by weighing, or by volume if periodic
YJeight checks are made. Water shall be
added to the mix by means of a manually
operated water injection system at the

discharge nozzle. Segregated materials
shall not be incorporated into the work.
Cement mortar shall be placed by an
experienced nozzleman using equipment
which provides a steady flow of material:

12. Cement-Mortar Coating
Cement mortar for coating fittings shall
meet the requirements of Section 1.6 an<
shall be applied mechanically, pneumati
cally or by hand. The minimum thickn~

of the coating over the steel sheet or plat
shall be 1 inch. Temperature of the mor
tar mix shall be not less than 400 F at the
time of placement.

12.1 Mechanical Application
Fine aggregate and cement for mechani
cally applied cement-mortar coating shall
be batched by weighing, and all water use-::
in the mix shall be metered or weighed.
All materials shall be mixed for not less
t~an 1 minute in pan, turbine, or paddle
type mixers. No water may be added onc~

the mortar has been discharged from the
mixer. Rebound not to exceed one
fourth of the total mix weight may be
used but the r%ul,ing mix ::;r:;part;ons
shall be not leaner than 1:3. Rebound not
used within 1 hour shall be discarded. The
cement mortar shall be mechanically im
pelled against the fitting to form a coat
ing of the required thickness.

12.2 Pneumatic Application
Pneumatic application of cement mortar
shall be in acco"rdance with Section 11.2-

13. Curing
Linings and coatings shall be steam cured,
water cured or membrane cured at the
option of the manufacturer except that
water cure or membrane cure shall be
used only if the minimum ambient tem
perature exceeds 400 F, and except that
membrane cure shall not be used for
centrifugally applied linings. Water cure
and steam cure mJy be used interchange
ably on a time ratio basis of 4 hours of
water cure to 1 hour of steam cure. After



completing at least one-sixth of the mini
.mum applicable cure period. the manu
facturer may defer the remainder of the
required cure and perform further work
on the fitting.

13.1 Steam Cure
Steam cure may begin immediately after
the lining or coating operation. but the
steam shall not raise the ambient tempera
ture above 900 F within 3 hours or until
the concrete or cement mortar has taken
its initial set. whichever occurs first. The
ambient vapor shall then be maintained at
a temperature between 11 OOF and 1500 F
for a minimum period of 36 hours.

13.2 Water Cure
Water cure shall begin as soon as the
mortar can be sprinkled without damage.
Cement mortar shall be kept moist by
intermittent sprinkling for a period of at
least 6 days before being moved to the
jobsite. At the option of the manufac
turer, centrifugally applied linings may be
cured by covering fitting ends with plastic
or wet burlap for the same period in lieu
of sprinkling.

13.3 Membrane Cure
linings or coatings shall be membrane
cured by the prompt application of a
clear- or white-pigmented sealing com
pound conforming to the current
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"Specification for Liquid Membrane·
Forming Compounds for Curing Con
crete" (ASTM Designation: C309).
Fittings shall not be shipped for a mini·
mum period of at least 6 days following
application of sealing compound.

14. Coating of Joint Rings
Exposed steel surfaces of joint rings shall
be painted with one coat of Amercoat
No. 191 or approved equal.

Testing
15. Testing of Fittings
Welded seams in steel cylinders for short
radius bends and fittings shall be tested
either by the air-soap method using air at
a pressure of 5 psi or by the dye pene
trant method at the option of the manu
facturer. However. if the fitting is
fabricated from cylinders which have
been previously hydrostatically tested. no
further test will be required on seams so
tested. Defects revealed by any of the
alternate test methods shall be repaired
by welding and the fitting retested until
all defects have been eliminated.

Marking, Handling and Shipment

16. Marking
Each fitting shall have plainly marked
inside near one end the design pressure
and the date coated. and shall be suffi-

- (P/ ..

dendy identified to show its proper loca.
tion in the pipeline by reference to layout
drawings or schedules. Mitered ends shall
be marked to show degree of bevel and
the point of maximum pipe length at the
spigot end.

17. Handling and Shipment
Fittings shall be handled carefully. and
blocking and hold-downs used du ring sh ip
ment shall prevent movement or shifting.
Leading ends of fittings on trucks or rail
cars shall be bulkheaded or covered to
prevent excessive drying of the linings.

Important Note

Pipe Products are engineered ar:d manu
factured to perform the funct ions for
which they are recommended in OL;r
literature. Our recommendations are
based on sound engineering princiotes a~d

hundreds of successful insrailal'cns;
nevertheless. our products must be prec
erly installed and used in ccco~cance with
good engineering judgment and oractic€.

The information offered herein is to be
used as a guide and is notto be :3ken as a
warranty or representation for wniCh
Ameron assumes any le']31 resP'::::'lsibili~y.

There is no a5surance-s:::eciiic or
implied-that the use cf :;<5 ~f::chnica'

information in designs ar::J s;;ec,7;cations
will insureasuccessflJi ;~::. It ;s·:;,f:ereC
solely for YOUr revie'IJ and consideration.
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THREE EDGE BEARING TESTS

~~f~ Designation: C 497 -75

Standard Methods of Testing

CONCRETE PIPE OR TILE 1

This Standard is issued under the fi<ed desienation C 491: the number immediately following the designation indicates the
year of original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of
last reapproval.

External Load Crushing Strength .
Core Strength _ .
Absorption , .
Hvdrostatic .
Permeability .

I. Scope

1.1 These methods cover testing of con
crete pipe and tile. The tests described are
used in production testing and acceptance
testing to evaluate the properties provided for
in the specifications.

1.2 The tests appear in the following order:

Section

3 to 7
8 to 12

13 to 16
17
18

1.3 The test specimens shall not have been
exposed to a temperature below 40°F (4°C)
for the 24 h immediately preceding the test
and shall be free from all visible moisture.

1.4 If any test specimen fails because of
mechanical reasons such as failure of testing
equipment or improper specimen preparation.
it may be discarded and another specimen
taken.

1.5 Specimens shall be selected in accord
ance with the specifications for the type of
pipe or tile being tested.

2. Applicable Documents

2.1 ASTM Standards:
C 39 Test for Compressive Strength of Cy

lindrical Concrete Specimens'
C 42 Obtaining and Testing Drilled Cores

and Sawed Beams of Concrete'
C 617 Capping Cylindrical Concrete Speci

mens·
E 4 Verification of Testing Machines'

EXTER~AI. 1.0AI) CRljSHI~G

STRE:"'GTH TEST

3. Summary of Method

3.1 The test specimen shall be tested in a
machine so designed that a crushing force

may be exerted in a true vertical plane
through one diameter and extending the full
length of the wall of the specimen.

4. Apparatus

4.1 In making .the test. any mechanical or
hand-powered device may be used in which
the head moves at such a speed that the load
is applied at a uniform rate of not less than
500 nor more than 2500 Ibf/linear ft of pipe
per minute (not less than 7.3 nor more than
36.5 kN /linear m of pipe per minute).

4.2 The testing machine shall be substantial
and rigid throughout. so that the distribution
of the load will not be affected appreciably by
the deformation or yielding of any part.

4.3 The three-edge-bearing method of
loadin!! shall be used. The test specimen shall
be supported on two parallel longitudinal
strips extending the full length of the barrel.
and the load applied through a top bearing
beam also extending the full length of the
barrel (Figs. 1.2.3. and 4).

4.4 The lower bearings shall consist of
hardwood or hard rubber strips. Wooden
strips shall be straight. have a cross section of
not less than 2 in. (51 mm) in width and not
less than I in. (25 mm) nor more than 11/2 in.
(38 mm) in height and shall have the top in
side corners rounded to a radius of 1:2 in. (13
mm). Hard rubber strips shall have a durom
eter hardness of not less than 45 nor more
than 60. They shall be rectangular in cross
section. having a width of not less than 2 in .•
a thickness of not less than I in. nor more

•These methods arc under the jurisdiction of ASTM
Committee C·13 ,.n Con<:rele Pipe and are the direct re
sponsihlill~ ofSuh<:omnllll<e C I3.0'1 on ~felh,>ds of Tesl.

Curr~nt edlllOn dppruved Ocl. 31. /975. Published De
cember 1975. Originall~ published as C 497 - 02 T. last
previous editi"n C -197 - 7-1.

2 Annual Book ofASTM Sranda,ds. Part 14.
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than 11/ 2 in., and shall have the top inside
corner rounded to a radius of 1/2 in.

4.5 The bottom bearing strips shall be fas
tened to a wooden or steel beam or directly to
a concrete base. any of which shall provide
sufficient rigidity to permit application of
maximum load without denection greater
than ~20 of the specimen length. The inte
rior vertical sides of the strips shall be parallel
and spaced a distance apart of not more than
I in./ft (0.08 mm/mm) of specimen diameter.
but in no case less than I in. (25 mm). The
bearing faces of the bottom strips shall not
vary from a straight line vertically or horizon
tally by more than YJ2 in./ft (0.003 mm/mm)
of length under no load.

4.6 The upper bearing shall be a rigid hard
wood beam with or without an attached hard
rubber strip. The wood block shall be sound.
free of knots. and straight and true from end
to end. It shall be fastened to a steel or wood
faced steel beam of such dimensions that de
flections under maximum load will not be
greater than ~20 of the specimen length.
The bearing face of the top bearing block
shall not deviate from a straight line by more
than YJ2 in./ft (0.003 mm/mm) of length.
When a hard rubber strip is used on the
bearing face it shall have a durometer hard
ness of not less than 45 nor more than 60. and
shall have a \\'idth of not less than 2 in. (51
mm) and a thickness of not less than I in. (25
mm) nor more than I Y2 in. (38 mm) and shall
be secured to a wood block meeting the above
requirements.

4.7 If mutually agreed upon by the manu
facturer and the purchaser prior to the test,
before the specimen is placed. a fillet of
plaster of paris not exceeding I in. (25 mm)
in thickness may be cast on the surface of the
upper and lower bearings. The width of the
fillet cap. top or bottom, shall be not more
than I in./ft (0.08 mm/mm) of the specimen
diameter. but in no case less than I in.

4.8 The equipment shall be so designed
that the load can be distributed about the
center of the over-all length of the .pipe (Figs.
I. 2, 3, and 4). At the option of the manufac
turer. the cenler of the load may be applied at
any point of the over-all length of the pipe.
The load may be applied either at a single
point or at multiple points dependent on the

length of pipe or tile being tested and the ri
gidity of the test frame. Multiple points of
load application to the top bearing will permit
use of lighter beams without appreciable de
flection.

.5. Calibration

5.1 The loading device shall be one which
shall provide an accuracy of ±2 % at the speci
fied test loads. A calibration curve may be
used. The machines used for performing the
three-edge-bearing tests shall be verified in
accordance with Methods E 4.

6. Procedure

6.1 Place the specimen on the two bottom
bearing strips in such a manner that the pipe
or tile rests firmly and with the most uniform
possible bearing on each strip for the full
length of the wall.

6.2 Mark the two ends of the specimen at a
point midway between the bearing strips and
then establish the diametrically opposite point
on each end.

6.3 Place the top bearing beam so that it
contacts the two ends of the specimen at these
marks. After placing the specimen in the
machine on the bottom strips align the top
bearing symmetrically in the testing machine.
Apply the load at the rate indicated in 4.1
until either the formation of a O.OI-in. (0.25
mm) crack width or an ultimate strength
load. as may be specified. is reached. If both
the O.OI-in. crack and ultimate load are re
quired. the specified rate of loading need not
be maintained after the load at O.OI-in. crack
has been determined.

6.4 The 0.0 I-in. (0.25-mm) crack load is
the maximum load applied to the pipe before
a crack having a width of 0.01 in. measured
at close intervals, occurs throughout a length
of I ft (305 mm) or more. Consider the crack
0.0 I in. (0.25 mm) in width when the point of
the measuring gage will. without forcing. pen
etrate 'lI6 in. (1.6 mm) at close intervals
throughout the specified distance of I f1.
Measure the width of the crack by means of a
gage made from a leaf 0.01 in. in thickness
(as in a set of standard machinist gages).
ground to a point of ~;6 in. in width with cor
ners rounded and with a taper of ~ in./in.
(0.25 mm/mm) as shown in Fig. 5. The ulti-
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mate load is reached when the pipe will sus
tain no greater load.

7. Calculation

7.1 The crushing strength in pounds per
linear foot (or kilonewtons per linear metre)
shall be calculated by dividing the total load
on the specimen by the laying length. L. as
sho..... n in Figs. I. 2. 3. and 4. For tvngue and
groove pipe. the 1:1) ing length. L. shall in
clude either the length of the tongue or the
length of the groove. whichever is the longer.
In most machines the total load ..... ill include
the dead load of the top bearing plus the load
applied by the' loading apparatus.

CORE STRE:\GTH TEST

8. Summary of Method

8.1 The compressive strength of the con
crete in the pipe may be determined by
making crushing tests of cores cut from the
pipe.

9. Apparatus

9.1 A core drill shall be used for securing
cylindrical core specimens from the wall of
the pipe; a shot drill or a diamond drill may
be used.

10. Test Specimens

10.1 A core specimen for the determination
of compressive strength shall have a diameter
3t least three times the maximum size of the
coarse aggregate used in the concrete. If cores
are cut from the wall of the pipe and tested.
the length to diameter r:ltio snail lie between
one and tv.o after the curved surfaces have
been removed from the cut core.

10.2 Moisture Conditioning-Unless the
agency for which the testing is being done di
rects otherwise. the core test specimens shall
be submerged in lime-satu rated water in ac
cordance with the provisions of Method C 42.

Non-Len!!th·diamcter correction factors for
dry concrete appe:lr to depart clln~lderat>ly from
those applicable to soaked conen:te. but have not
been firml)' e,tablished; therefore ..... hen cores are to
be tested dry. onlv tho" with a Iencth·dlametcr
ratio of 2 to' I sha"1I be used. if such ~ores are not
available, moisture conditIOning shall be manda·
tory.

11. Procedure

11.1 End Preparation and Capping-Core
specimens to be tested in compression shall
have ends that are essentially smooth and
perpendicular to the axis and of the same
diameter as the body of the specimen. Before
making the compression test, cap the ends of
the specimen in order to meet the require
ments of Method C 617.

11.2 Measurement-Prior to testing;
measure the length of the capped specimen to
the nearest O. tin. (2.5 mm) and determine its
average diameter to the nearest 0.1 in. from
two measurements taken at right angles near
the center of the length.

11.3 Test specimens as prescribed in Sec
tion 4 of Method C 39.

12. Calculation and Report

12.1 Calculate the compressive strength of
each specimen in pounds-force per square
inch (or kilonewtons per square metre) based
on the average diameter of the specimen. If
the ratio of length to diameter is less ~than

two. make allowance for the ralio of length to
diameter by multiplying the compressive
strength by the applicable correction factor
given in the following table (determine values
not given in the table by interpolation):

Ratio length of Cylinder 'Strength Cor"·,t,,)n
to Diameter. J/d facl'"

I. 75 0;'
I.SO 0.",
1.25 o~,...
1.10 a.'i'
1.00 0.;,.

ABSORPTION TEST

13. Test Specimens

13.1 Method A Specimens-MethoJ A
absorption test specimens shall be in accord
ance with the requirements of the applicable
pipe specification and shall "e used far the
absorption procedure that requires 5 h for
boiling and a natural water cooling period of
14to24h.

13.2 Method B Specimens-Method B
absorption test specimens shall consist of three
1 112-in. diameter cores as taken from the two
ends and the center area of each tile, pipe, or
section.
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14. Procedure for Boiling Absorption Test

14.1 Drying Specimens-Dry specimens in
a ventilated mechanical convection oven at a
temperature of221 to 239°F (105 to 115°C).

14.1.1 Method A-Dry specimens until two
successive weighings at intervals of not less
than 6 h show an increment of loss not greater
than 0.10 % of the last oven-dry mass of the
specimen. Dry specimens with a wall thick
ness of 1.5 in. (38 mm) or less for a minimum
of 24 h: dry specimens with a wall thickness
of 1.5 to 3 in. (38 to 76 mm) for a minimum of
72 h. Use the last 6 h of the minimum drying
time to determine whether or not the sample
had obtained the proper dried mass.

14.1.2 Method B-Dry specimens for a
minimum of24 h.

14.2 Weighing Dried Specimens-Weigh
the oven-dried specimens immediately upon
removal from the oven where the drying tem
perature is 221 to 239°F (105 to 115°C).

14.3 Immersion and Boiling:
14.3.1 Method A Specimen-Within 24 h.

carefully place the dried specimen that has
been weighed. in a suitable receptacle that
contains clean water at a temperature of 50 to
75°F (10 to 24°C). Use distilled water, rain
water, or tap water that is known to have no
effect on test results. Heat the water to
boiling in not less than I h and not more than
2 h. Do not apply live steam to the water to
shorten the preboil period until I h of heating
by gas or electricity has been completed. Con
tinue the boiling for 5 h. At the end of the 5-h
boiling period, turn off the heat. and allow the
specimen to cool in the water to room tem
perature by natural loss of heat for not less
than 14 h nor more than 24 h.

14.3.2 Method B Specimen-Within 24 h,
carefully place the dried specimen that has
been weighed. in a suitable receptacle that
contains clean water at a temperature of 50 to
75°f (10 to 24°C). Use distilled water, rain
water. or tap water that is known to have no
effect on test results. Heat the water to boiling
in not less than I h and not more than 2 h. Do
not apply live steam to the water to shorten
the preboil periods until I h of heating by gas
or electricity has been completed. Continue
the boiling for 3 h. At the end of the 3-h boiling
period, turn off the heat and cool the specimen
for a period of 3 h by running cold tap water

into the boiler. or by placing the specimen in
a separate container of water. The temperature
of the cooling water shall not exceed 65°F
(16°C).

14.4 Reweighing Wet Specimens-Remove
the water-cooled specimens from the water,
place on an open drain rack. and allow to
drain for I min. Remove the remaining super
ficial water by quickly blotting the specimen
with a dry absorbent cloth or paper. Weigh
the specimen immediately following blotting.

14.5 Scale Sensitivity-Weigh '"ecimens
weighing less than I kg to an accuracy of 0.10
% of the specimen mass. Weigh specimens
weighing more than I kg to an accuracy of 1g.

15. Calculation and Report

15.1 Method A Specimen-Take the in
crease in mass of the boiled specimen over its
dry mass as the absorption of the specimen.
and express it as a percentage of the dry mass.
Report the results separately for each speci
men.

15.2 Method B Specimen-Take the in
crease in mass of the boiled specimen over its
dry mass as the absorption ofthc specimen. and
express it as a percentage of the dry mass.
Report the result as an average of the three
11i2-in. diameter cores as taken from one tile
or pipe. The absorption. as calculated by the
Method B procedure, shall be considered
satisfactory when its value does not exceed a
value that is 0.5 '7c less than the absorption
designated in the Method A procedure. When
the absorption. as computed by the ~'1ethod B
procedure. does not meet the specified require
ment. the producer may perform a retest
using Method A.

16. Procedure for IO-Min Soaking Absorption
Test

16.\ Test specimens for the determination
of the IO-min water soaking absorption may
be the same as are later used for the 5-h
boiling absorption test. After drying and
weighing as specified in 14.1 and 14.2. im
merse the specimens in clear water for 10 min
at room temperature. Then remove the speci
mens and wei!!h in accordance with 14.4, cal
culate the pcrccnta!!c absorption, and report
in accordance with the provisions described in
Section 15.
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HYDROSTATIC TEST

17. Procedure

17.1 T ne equipment for making the test
shall be such that the specimen under test can
be filled with water to the exclusion of air and
subjected to. the required hydrostatic pressure
without there being enough leakage from the
ends of the pipe to interfere with the test. and
such that no appreciable circumferential com
pression is placed on the outside of the spec
imen wall.

17.2 Do not test when the temperature of
the specimen. the air around the specimen. or
the water within the specimen is below ))QF

(1°C).
17.3 Connect a standardized pressure gage

close to the specimen. and bring the water
pressure up to 10 psi (69 kPa) in about I min.
and hold at this pressure for 10 min.

17.4 After holding the water pressure at 10
psi (69 kPa) for 10 min, increase it at a uni
form rate to the pressure specified.

PERMEABILITY TEST

18. Procedure

18.1 Perform tests by placing a section of
pipe, with the spigot end down on a soft
rubber mat or its equivalent. weighted if nec
essary. and kept tilled with water to a level of
the base of the socket during the test period.
Make the initial inspection approximately 15
min after the test has begun. If the pipe shows
moist or damp spots on the outer surface of
the pipe at that time. continue the tests for a
period not to exceed 24 h at the option of the
manufacturer. Examine the pipe during the
extended period for existence of moist or
damp spots.
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Riqid Steel Member
'F=:=!==~ I'Seam ar Other

T)'pe.-- I'l

L-----_ --J \~-lJ
.=7. :rpi"'-Bearinq Strips.
JRigid Base Type ond Spaclnq

L- ...J_ as Specified.

Mod ified Tongue and Groove Pipe

Bea~inq Strips
Type and Spacinq
as Specified.

Upper Bearinq
Hardwood Block.

Riqid Steel Member
I·Beom or Other
Type.--"-- lil

~

L:---l ,~
Ii ·~I '. - -+---llil_L.-- ," ill"
: : L. - I \';~. I IJ~~
'I U \'" /., " ~ ...,
: J ..••-. - - - •. -- '~, .1.- ~/

rr:=-:;:~J~J -L:!'-~;::i:~~S~~::in~
- Rigid aaseJ I as SpecifIed.

Tongue and Groove Pipe
Riqid Steel Member

F==~======1 I-Beam or Other+Type.__'
~ Upper Bearinq¢ ......... Hardwaad Block.

m,rT\\,'\ill·--
I

!
i

L---...,

,iE---~~-~
L...,...,., ..",oo,

Bell and Spiqof Pipe
Non t-The figures illuslrale a method of appl~in~ the load 10 the pipe.
Non 2-AI the oplion 01' Ihe manufaclurer lhe support and bearing beams may be ,'.ried as indicaled by Ihe dolled

lines.
fiG. I Thrft-Edge Bearings.
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~ '/2 LI~ ,-Rigid Shel Member,- t / I-Beam or Other TypeI=="===========t "":

..~ -- - - --- - ------ -
I
I
I

L -----PI

1+-+--- LI ----I-+l
I,
I
I
IL _

__J

Lower Beoring
At least 6 by 6 in.
(152by152mm)

Space not More Thon 1 in. (25mm)/ft. (0.3m)
of Span But nat Less Than 1 in. (25 mm)

NOTE I-The figure illustrares a method of appl\ Ing the load to the pipe.
NOTE 2-Atthe option of the manufacturer. the ,ul'port and bearing beams rna! be varied as indicated by the dOlled lines.

FIG. 2 Tltree-Edge.Bearing Test, Arch Pipe•

.-- liz II Rigid Shel Member

IF====::!::====/~ I-Beam or Other Type

I
I
I
I

_T - - - - - - - - -

I L

-1----------
I
I L

Lower Beoring -'I~M,
At Leost 6 by 6 in.
(152 by J52 /11/11)

Space not More Than 1in.( 25 mm)/ft. (0.3 nil
of Span But not Less Thon 1 in. (25 mm)

NOTE I-The figure illustrates a method ofaprl!;ng lhe load to the ripe.
NOTE 2-Atthe option of the manufacturer. the support and bearing beams may be varied as indicated by the dOlled lines.

FIG. 3 Tbree-Edge-Bearing Test, Horizontal Elliptical Pipe.
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Rigid Steel Member
I-Beam or Other Type~

-1---- -
I
I L

Lower Beoring _
At least 6 by 6 in.

(/52 by 152 mm)

Spoce not More Thon 1 in.(25 mil) 1ft. (0.3 1II)
of Span Bllt not Less Thon 1 in (25 mm)

!"OTt. I-The figure illustrates a method or appl) ing the load to the pipe,
l'on 2-.... t the option or the manuracturer. the support and bearing beams may be "aried as indicated by the d.>tted

lines.

FIG. 4 Three-Edge-Bearing Test, "ertical Elliptical Pipe.

e
e
~

ti"~'103li'-_> ~
'1\

0,01 inI03mm)'-
in Thickness

fiG. S Gage Lear for :\leasuring Cracks.

Th, Am"kan SOd"." for Tesling and Ma"rials 10k,s no posilion respeclin/( Ihe ,alidill' of an., palmI righlS asserted
in connulion ...·ilh any ire", mentioned in Ihis slandard, Curs of Ihis slandard art express!.,' ad,-ised that det"minotion of Ihe
lIalidi'.,' of any Silch parent rights. and the risk of infringemenl ofSilch righls. is entirely Iheir own responsibili,y.
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~~r~ O••ignation: A 283 -74

RINGS

A 306)

American National Standard G24.2
American National Standarcla lnatltute

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St.• PhIladelphIa. P••• 19103

Repronteo trom the Annual Book ot ASTM SI"ndard$. Copyright ASTM
If not listed in the current combined Inde". will appear in the ne"t edition

Standard Specification for
LOW AND INTERMEDIATE TENSILE STRENGTH
CARBO~J STEEL PLATES OF STRUCTURAL
QUALlTy1

This Standard is iuued under the filled designation A 283; the number immediately following the designation indicates the
year of original adoption or. in the case of revision. the year of last revision. A number in parenthescs indicates the year of
last ~approval.

1. Scope
1.1 This specification' covers four grades

of carbon steel plates of structural quality for
general application.

NOTE-The values stated in U.S. customary
units are to be regarded as the standard.

2. Geoer.) Requirements for Delivery

2.1 Material furnished under this specifica
tion shall conform to the applicable require
ments of the current edition of ASTM Speci
fication A 6. for General Requirements for
Delivery of Rolled Steel Plates. Shapes, Sheet
Piling. and Bars for Structural Use. I

3. Process
3.1 The steel shalt be made by one or more

of the following processes: open-hearth. basic.
oxygen. or electric-furnace.

.c. Chemical Requirements

4.1 The heat analysis shalI conform to the
requirements prescribed in Table 1.

4.2 The steel shall conform on product
analysis to the requirements prescribed in
Table I, subject to the product analysis toler
ances 'in Specification A 6.

5. Tensile Requirements

5.1 Material as represented by the test
specimens shall conform to the requirements
as to tensile properties prescribed in Table 2.

5.2 For material under Yi. in. (1.58 mm) in
thickness a deduction from the percentage of
elongation in 8 in. or 200 mm specified in
Table 2 of 1.25 percentage points shall be
made for each decrease of YJ2 in. (0.79 mm)
of the specified thickness below 1'16 in.

6. Bend Test Requirements

6.1 The bend test specimens shall stand
being bent cold through 180 deg without
cracking on the outside of the bent portion. to
an inside diameter which shall have a relation
to the thickness of the specimen as prescribed
in Table 3.

J This specification is under the jurisdiction of ASTM
Committee A-Ion Sleel. Slainless Steel and Re:ated Alloys•
and is the direct responsibility of SubcommIttee AOl.02
on Structural Steel for Bridges. Buildings;'Rolling Stock.
and Ships.

Current edItion approved July 29. 1974. Published Sep
tember 1974. Originally published as A 283 - 46 T. Lall
previous edition A 283 - 70a.

I for ASME Boiler and Pressure Vessel Code applica
tions ICC related Specification SA-283 in Section 11 of that
Code.

• AII1IIIIIl Book of ASTM SIG1ldlvth. Part 4.

-70"





PART m.8

4t A283

Heat Analysis. %

Phosphorus. max
Sulfur. max
Copper. when copper

steel is specified.
mill

0.04
O.OS
0.20

TABLE 1 TetWeRequi~b

Grade A Grade B GradeC Grade D

Tensile strength. psi (MPa) 45 000 (310) to 50 000 (345) to 55 000 (380) to 60 000 (415) to
55000 (J80) 60 000.(415) 65 000 (450) 72 000 (495)-

Yield point, min, psi (MPa) 24 000 (165\ 27 000 (185) 30 000 (205) 33 000 (230)
Elongation in 8 in. or 200 mm, 27 2S 22 20

min, %•• <
£Iollgarioll ill 2 in. or SO mm. 30 28 25 23

min, %<

"The upper limit of 72 000 psi (495 MPa) shan be illcrcased by 3000 psi (20 MPa) for material over 1'12 in. (38 mm)
in thickness.

• See Section 5.2.
< EIollcation not required to be determined for floor plate.

TABLE 3 "'TestR~..

Thickness of Material.
in. (mm)

'4 (19) and unde'
Over '4 to I (J9 to 25), inci
Over 1 to 1II. (25 to 38), inel
Over 1'12 to 2 (38 to 5I), inel
Over 2 to 3 (5 I ,to 76 I, inel
Over 3 to 4 (76 to 102), inel
Over 4 (102)

Ratio of Inside Diameter of Bend to Thickness of Specimen"

Grade A Grade B Grade C Grade 0

nat on itself flat on itself flat on itself '12
flat on itself flat on itself '12 1
'12 '4 I 1'12
I 1'12 2 2'12
1'12 2 2'12 3
2 2'12 3 3'12
2'12 3 . 3'12' ..

• The above ratios apply to the bending performanoc of a test specimen only. This specimen is always taken in the longi
tudinal direction and usually has some edge preparation. Where plates are to be bent in a fabricating operation, more lib
eral be::nd radii must be used, particularly jf this bend axis is in the unfavorable (longitudinal) direction.

• , pulilication of this standard no position is token with "spect 10 tile I10lidity ofany pali!lll righls in connection the"
with. and Ihe Ami!rican Socii!ty for Tesling and Maluiau dOi!S not undUlake to ilUure anyone utilizing Ihe standard
qawlliability for infringement of~ny LmefS Patent nor QUume any such liability.

-7/-
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AND SPIGOT RINGS

~~I~ Designation: A 306 - 64 (Reapproved 1972) American National Standard G24.3-1967
American National Standards Institute

AMERICAN SOCIETY FOR TESTING AND MATERIALS

Itl' R.ce St., Philadelphia, Pa., 19103

I.eprinoed frORl <he Annual Book of ASTM Sundarets, Copyri,hr ASTM

Standard Specification for

CARBON STEEL BARS SUBJECT TO MECHANICAL
PROPERTY REQUIREMENTS 1

This Standard is issued under the fixed designation A 306: the number immediately (ollowing the designation indicates the
year of original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year o(
IaH reapproval.

I. Scope

1.1 This specification' covers carbon steel
bars furnished in the as rolled condition, sub
ject to mechanical property requirements and
intended for general constructional applica
tions.

NOTE I-The values stated in U.S. customary
units are to be regarded as the standard.

4. Process

4.1 The steel shall be made by the open
hearth, basic-oxygen, or electric-furnace
process. For Grades 55. 60, 65, and 70, bes
semer steel may be supplied subject to agree
ment between the manufacturer and the pur
chaser.

6. Tensile Properties

6.1 The material shall conform to the appli-

5. Ladle Analysis

5.1 The steel shall conform on ladle anal
ysis to the following requirements:

5.2 When tension tests are waived in ac
cordance with 6.3, chemistry consistent with
the mechanical properties desired shall be
applied.

I This specification is under the jurisdiction of ASTM
Commillee A-Ion Steel. Stainless Steel and Related Al
loys and is the direct responsibility of Subcommillee
AOl.l5 on Bar Steels.

Current edition accepted June 15. 1964. Originally is
sued 1947. Replaces A 306 - 60 T. Grade 65 replaces 'edi
tiolls of A 7.

• For ASME Boiler and Pressure Vessel Code applica
tiolls see related Specification SA-306 in Section /I of that
Code.

I Annual Boole ofASTM Standards. Part J.

0.040
O.lI

0.050
0.060
0.20

Composition.
percentElement

PlIosphorus. max:
Open-hearth and electric· furnace
Bessemer

Sulfur. max:
Open-hearth and electric-furnace
Bessemer

Copper. when copper steel is specified.
min

3. Basis or Purchase

- 3.1 Orders under this specification shall
include the following as required to ade
quately describe the desired material:

3.1.1 Quantity (weight or number of
pieces).

3.1.2 Name of material (carbon steel bars),
3.1.3 Cross-sectional shape.
3.1.4 Size,
3.1.5 length.
3.1.6 Bend test, if required (Section I(}.2).
3.1.7 Grade designation or corresponding

tensile limits (Section 6.1).
3.1.8 Bessemer steel option, if acceptable

(Section 4),
3.1.9 Special straightness, if required.
3.1.10 ASTM designation (A 306). and
3.1.11 End use. exceptions to the specifica-

tion or special requirements.

2. Geaeral Requirements

2.1 Material furnished under this specifica
tion shall conform to the requirements of the
current edition of Specification A 29 for Gen
eral Requirements for Hot-Rolled and Cold
finished Carbon and Alloy Steel Bars' unless
otherwise provided herein.
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cable requirements as to tensile properties
prescribed in Table I.

6.2 The yield point shall be determined by
the drop of the beam or halt in the gage of the
testing machine, or by the use of dividers.

6.3 Shapes less than I in. 2(6.45 cm 2) in cross
section and bars (other than flats·) less than
\12 in. (13 mm) in thickness or diameter need
not be subjected to tension tests by the manu
facturer.

6.4 For material over ~ in. (76 mm) in
thickness or diameter, a deduction from the
percentage of elongation in 8 in. or 200 mm
specified in Table I of 0.25 percent shall be
made for each increase of y,~ in. (0.79 mm) in
the specified thickness or diameter above 3/4
in. (19 mm).

6.5 For material under ¥i6 in. (7.94 mm) in
thickness or diameter, a deduction from the
percentage of elongation in 8 in. specified in
Table I of 2.00 percent shall be made for each
decrease of VJ2 in. in the specified thickness or
diameter below X6 in.

6.6 For Grades 45, 50, 55, 60, and 65, for
material over 2 in. (51 mm) in thickness or
diameter, a deduction from the percentage of

. elongation in 2 in. or 50 mm specified in
Table I of 1.00 percent shall be made .for each
I in. (25 mm) of specified thickness or diam~

eter or fraction thereof over 2 in. in thickness
or diameter.

6.7 For Grades 70, 75, and 80, for material
over 2 in. in thickness or diameter, a deduc
tion from the percentage of elongation in 2 in.
specified in Table I of 1.00 percent shall be
made for each I in. of specified thickness or
diameter, or fraction thereof, over 2 in. in
diameter or thickness, to a maximum deduc
tion of 3 percent.

7. Bending Properties

7.1 The .bend test specimen shall stand
being bent cold through 180 deg without
cracking on the outside of the bent portion, to
an inside diameter which shall have the rela
tion to the thickness or diameter of the spec
imen given in Table 2.

8. Tension Test Specimens

8.1 Test specimens shall be prepared for

m.9
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testing from the material in its as-rolled con
dition. However the tension specimen may be
aged as described in ASTM Methods and
Definitions A 370, for Mechanical Testing of
Steel Products. S

8.2 Tension test specimens shall be taken
longitudinally and may be tested in full thick
ness or section, or they may be machined to
the dimensions shown in Figs. 4 or 5 of
Methods A 370. If test specimens are selected
conforming to the dimensions of Fig. 5 they
shall be machined from a position midway
between the center and the surface of the bar.

8.3 Tension test specimens for shapes and
flats may be machined to the form and di
mensions shown in Fig. 4 of Methods A 370,
or with both edges parallel. Test specimens
for material over I z,z in. (38 mm) in thick
ness or diameter may be machined to a thick
ness or diameter of at least 'V4 in. (19 mm)
for a length of at least 9 in. (230 mm). or
they may conform to the dimensions shown in
Fig. 5 of Methods A 370.

9. Bend Test Specimens

9.1 Bend test specimens for material 11/2
in. (38 mm) and under in diameter or thick
ness may be the full thickness of the section.
For nat bars over 2 in. (51 mm) in width the
width may be reduced by milling to 1112 in.

9.2 Bend test specimens for material over
I 1;2 in. in diameter or thickness may be ma
chined to a thickness or diameter of at least
J!4 in. (19 mm), or to I by 1,2 in. (25 by 13 mm)
in section. Machined sides of bend test speci.
mens may have the corners rounded to a ra
dius of not over '/'6 in. (1.59 mm) for material
2 in. and under in thickness, and not over 1/8

in. (3.18 mm) for material over 2 in. in thick
ness.

JO. Number of Tests

10.1 Two tension tests shall be made from
each heat, unless the finished material from
a heat is less than 30 tons when one tension
test will be sufficient. If, however, material
from one heat differs :til in. (9.53 mm) or
more in thickness, one tension test shall be
made from both the thickest and the thinnest
material (larger than the sizes enumerated in
6.3), regardless of weight represented.
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10.2 Shapes less than lin. 2 (6.45 cm') in
cross section and bars. (other l'1an tlats) less
than 1/2 in. (13 mm) in thickness or diameter
shall be subject to bend tests. All other fin
ished material shall be subject to bend tests
only when specified by the purchaser. When
subject to bend test. two bend tests shall be
made from each heat unless the finished ma-'
terial from a heat is less than 30 tons when

m.9
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one bend test will be sufficient. n. however.
material from one heat differs a ~ in. or more
in thickness. one trend test shall be made frol ..
the thickest and the thi:lnest material rolled.
regardless of weight represented.

NOTE 2-Bend test should be specified by the
purchaser only when the material is to be bent cold
during fabrication.

TABLE I Tensile Properties

Elongation.

Yield
min. percent

Grade
Puig- Tensile Strength. Point. 8-in. 2-in.

nation lui (MPa) min. ksi or 200 or 50
(MPa) mm mm

Gage Gage
length length

45 45 (310) to 55 (380) 22 (ISO) 27 33
SO SO (345) to 60 (415) 25 (175) 25 30
55 55 (380) to 65 (450) 27 (185) 23 26
60 60 (415) to 72 (495) 30 (205) 21 22
65 65 (450) to 77 (530) 32 mOl 17 20
70 70 (485) to 85 (585) 35 (2~0) 14 18
75 75 (SIS) to 90 (620) 37 (255) 14 18
80 80 (550) min 40 (275) IJ 17

TABLE 2 Bend Requirements

Ratio of Bend Diameter to Th,ckness of
Specimen for Thickness in Diameter of Bar. in. (mm)

Grade Designation
;~. (19) Over Over I Over Over Over

and
01" to I to 1'0:/ I'z to 2 2to 3 3 to 5 Over

under (19 to 25), (25 to 38). (38 to 51). (51 to 76). (76 to 127). 5 (127)
inel incl inel incl incl

45 nat nat V2 I I 2 3
SO nat '"1 I 11ft 2'/, 3 3'1,
55 'It I 1'1. 2 2'1, 3 3'i2
60 1ft I 11ft 2V. 3 3'", 4
65 I 11ft 2 3 3'12 4 5
70 I 'It 2 21ft 3 3'/, 4 5
75 2 2 3 3 \It 4 4'12 6
80 2 2 V. 3 3'1, 4 4'/. 6

8." pub/ic/Ilion ol/lris standard no position is /akM wi/Ir rrsprc/ /0 /lrr validi'" ofani' palrnl riS!lrrs in connrclion /lrur
wi/A. and /lrr Amrrican Sodr/.I' {or Tn/in/( and Ma/uials dors no/ undu/akr 10 insu,r anyonr u/i/izin/C /Jrr slandard
aKlIinstliabilil.v lor infrinf(rmtn/ 01 an,l' Lrlle,s Pa/rnr nor assume anI' such /iabi/i,...

-71-
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RING -SPECIFICATIONS

~~r~ Designation: A 570 - 72 ~ricanNational Standard G24.38· 1974
Apptoved Sept. 19. 1974

By American National Standards Institute

Standard Specification for

HOT-ROLLED CAR BON STEEL SHEET AND STRIP,
STRUCTURAL aUALITyl

This Standard is issued under the Ihed'desi!!nation A 570: the number immediately following the designation indicates the
year of original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of
last reapprova!.

rhis sptcijication has bun opp,ovtd bJ' tht Dtpartmtnt of Q.tftnst fo' listing in tht DoD Indtx of Sptcijications and
Standa,ds. P,opostd 'tvisions should bt coo,dinattd ..ith tht Ftdrral Govunmtnt through tilt Army Maurials and
Mtchaniu Rtuarch Ctffltr. Wattrto,,·n./tfass. 02171.

-75'-

I. Scope

1.1 This specification covers hot-rolled
carbon steel sheet and strip of structural
quality in cut lengths or coils. This material is
intended for structural purposes where me
chanical test values are required.

1.1.2 The following grades are covered in
this specification:

M~banical Requirements

Yield Point. min. Tensile Strength.
Grade psi (MPa) min. psi (MPa)

A 25000 (172) 45 000 (310)
B 30000 (207) 49 000 (338)
C 33 000 (228) 52 000 (359)
o 40 000 (276) 55 000 (379)
E 42 000 (290) 58 000 (400)

NOTE I-The values stated in U.S. customary
units are to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standard:
A 568. General Requirements for Carbon

and High-Strength Low-Alloy Steel Hot
Rolled Strip. Hot-Rolled Sheets and
Cold-Rolled Sheets'

3. General Requirements for Delhery

3.1 Material furnished under this specifica
tion shall conform to the applicable require
ments of the current edition of Specification
A 568. unless otherwise provided herein.

4. Basis of Purchase

4.1 Orders for material under this specifi
cation shall include the following information.
as required. to describe the required material
adequately:

4.1.1 ASTM specification number and date
of issue. and grade.

4.1.2 Copper-bearing steel (if required).
4.1.3 Exceptions to the specification or

special requirements (if required).
4.1.4 Name of material (hot-rolled sheets

or strip).
4.1.5 Condition (Material to this specifica

tion is furnished in the hot-rolled condition.
Pickled (or blast cleaned) should be specified
if required. Material so ordered will be oiled
unless ordered dry).

4.1.6 Dimensions. induding type of edges.
4.1.7 Coil size requirements. and
4.1.8 Ladle analysis or test report (request.

if required).
NOTE 2-A typical ordering description is as fol

lows: ASTM A 570. Grade A. Copper Steel. Hot
Rolled Sheets. 0.075 by 36 cut edge by 96 in.

5. Chemical Requirements

5.1 The cast or heat analysis of the steel
shall conform to the requirements prescribed
in Table I.

5.2 Product Analysis may be made by the
purchaser from finished material representing
each heat. The carbon. phosphorus. and sulfur
content thus determined shall not exceed that
specified in Table I by more than 25 percent.
When copper steel is specified•. the copper

•This specification is under the jurisdiction of ASTM
Commillee A·I on Steel. Stainless Steel and Related Alloys.
and is the direct responsibIlity of Subcommillce AOl.\9
on Sheet Steel and Steel Sheets.

Current edition approved April 3. 1972. Published June
1972. Originally pUhhshed as A 570 - 66 T. Last previous
edition A 570 - 70. .

• AlI1IlIal Book 01ASTM Standa,ds. Part 3.
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content thus determined shall be not less than
0.18 percent.

6. Physical Requirements

6.1 Tensile Properties-The material as
represented by the test specimens shall con
form to the requirements as to tensile proper
ties prescribed in Table 2.

6.2 Bending Properties-The bend test
specimens shall stand being bent at room
temperature in any direction through 180 deg
without cracking on the outside of the bent
portion to an inside diameter which shall have
a relation to the thickness of the specimen as
prescribed in Tabie 3.

7. Test Specimens

7.1 Tension test specimens shall be taken
longitudinally.

8. Number or Tests

8. I Two tension tests and two bend tests

TABLE 1 CMmical Rtquiremntts

shall be made from each heat or from each
lot of 50 tons (45.4 mg). When the amount of
finished material from a heat or lot is less
than 50 tons, only one tension test and one
bend test shall be made. When material rolled
from one heat differs 0.050 in. (1.27 mm) or
more in thickness, one tension test and one
bend test shall be made from both the thickest
and thinnest material rolled regardless of the
weight represented.

8.2 Retests-If one test fails. two more
tests shall be run from the same lot. in which
case both tests shall conform to the require
ments prescribed in this specification; other
wise. the lot under test shall stand rejected,

9. Packaging

9.1 Coil Size-Small coils result from the
cutting of full-size coils for center test pur
poses. These small coils are acceptable under
this specification,

TABLE 3 8ftId Test Rtquire_ab

Composition, percent

Element

Carbon, mall
Manganese
Phosphorus. mall
Sulfur, mall
Copper. when copper steel is

specified. min

Grades A,
B,C

0.2'
0.2.5-0.60
0.04
0.04
0.20

Grades D
and E

0.25
0.60-0.90
0.04
0.04
0.20

Grade

A
B
C
D
E

Ratio of Bend Diameter to
Thickness of Specimen

o
1
1402
1
2V,

TABLE 1 T~ R~irRlftlts

Grade A Grade B Grade C Grade 0 Grade E

Tensile strength. min. psi (MPa) 4.5 000 (310) 49 000 (338) 52 000 (359) .55 000 (379) 58 000 (379)
Yield point. min, psi (MPa) 25 000 (172) 30 000 (207) 33000(228) 40 000 (276) 42 000 (290)
Elongation in 2 in. or .50 mm,

min. percent, for thick-
nesses: r

0.2299 to 0.0972 in.• inc! 27.0 15.0 23.0 21.0 19.0
0.0971 to 0.0636 in., inc! 25.0 24.0 12.0 20.0 -18.0
0.0635 to 0.0255 in., ind 23.0 11.0 18.0 15.0 13.0

Elongalion in 8 in. or 203 mm,
min, percent, for thick-
nesses:

0.2299 to 0.0972 in., inc! 20.0 19.0 18.0 16.0 14.0
0.0971 to 0.0892 in., inc! 18.0 17.0 16.0 14.0 12.0

By puhlication of thif standa,d no position if talcrn ...·il1l rrsprct 10 Ihr validit.l' ofan" palrnl ,i~hts in connrction thr"
with, Qnd thr Amuican Socirl)' fa' Trsling Qnd Matr"als dors not undulalcr to insu,r anyonr utilizing tnr stQndQ,d
"lainst liability fo, infnngrmrnt ofany LrllUS Palrnl no, assumr any sw:h liabilir}·.

-7t,--
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Appendix A

Design Requirements

This appmdix is for informatioll OIily and is IIot a pari of AWlVA C302-74.

AI-General A3-Hydrostatic Design

The cross-sectional area of the cir
cumferential steel reinforcement to re
sist internal pressure only shall be Hot
Ie.;s than the maximum determined
from Eq (2.3).

A4-Combined-Load Design

The pipe shall be designcJ to resist
the Hexural and axial stresses from
each of the folIO\Viilg conditions:

I. :\ combination of working pres
:-ure. transient pressure. and dead loads
(earth. pipe, and water)

A, = Cross-sectional area of circum
ferential steel reinforcement
in square inches per foot of
pipe wall

P U' \\'orking pressure 1Il pounds
per square inch

p. Transient pressure III pounds
per square inch

D Inside diameter of pipe In
inches

H.einforced concrete pressure pipe
covered by this standard shall be de
signed by the method described herein
to resist the internal pressures and ex
ternal loads designated by the pur
:haser.

A2-Wall Stress Limits

The circumferential tensile stress in
the concrete of the pipe wall. with no
allowance for steel reinforcement, shall
not exceed 4.5Vl/ as determined by
Eq (1).

lei = (POD + P,)D (1)
2,

fe' = Circumferential tensile stress
in the concrete m pounds
per· square inch

P", = Workin~ pressure m pounds
per square inch

P, = Transient pressure m pounds
per square inch

D Inside diameter of pipe 111

inches

= \Vall thickness of pipe in inches

fe' = 28-day concrete design strength
in pounds per square inch

6P"J)A - _._..._--
• - 16 500-75P '"

A _6(P.. +P,)D
• - 16500

(2)

(3)
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REI~FOkCED CONCRETE PHESSl;RE PIPE

2. A combination of working pres
~urc. dead loads. anel li\'e loads, allll

3. Dead loads and live loads with
no interuul pressure.

External dead loads and live loads
:-11:111 he computecl in accordance .with
recognized and accepted theories, such
as presented in Ref. I, 2.

The coefficients for moment and
. thrust shall also be from recognized

and accepted theories. such as pre
sented in Ref. 3, 4. The bedding angle
used in design shall be compatible with
the installation specified· by the pur
chaser.

The reinforced concrete design shall
be in accordance with the applicahle
provisions of ACI Standard ,318 using
either the strength method or the al
ternate design method (working stress
method).

For the strength method, the load
factor shall be 1.8, the capacity reduc
tion factor <p shall be 1.0. the design
yield strength til shall not exceed 40000
psi, and an equivalent rectangular con
crete stress distribution shall be used.

For the alternate design method. the
load and <p factors shall each be 1.0, the
allowable tensile stress in the reinforce
ment shall not exceed 22000 psi. and
the calculated compressive stress in the
concrete shall not exceed 0.45 fe'.

A5--Reinforcement Cage Con
figurations

Steel reinforcement shall consist of a
single elliptical cage, one or more cir
cular cages, or a combination of an el
liptical cage and one or more circular
cages.

At least (lIle of the ca~cs shall hI
circular ill pipe dl'si~11l'd for a working
pressure of more than 20 psi or in pipe
larger than i2 ill. ill diameter. An
inlier circular cage and an outer cir
cular cage shall be llsecl and may be
combined with an elliptical cagc in
pipc dcsigncd for working pressures of
more than 40 psi. \Vhen the reinforce
ment consists of a combination of cir
cular and elliptical cages and the work
ing pressure exceeds 20 psi. the total
cross-sectional area of the circular cage
or cages shall not be less than that de
termined by Eq (2) with an allowable
steel stress of 25 000 psi.

For design of single circular rein
forcement, the steel shall be assumed to
act at the centerline of the pipe wall.
For double circular cages, for an el
liptical cage, or fur a combination of
an' elliptical cage and one or more cir
cular cages, the design depth shall be
to the centroid of the tensile steel with
a design-clear concrete cover of 1/8 in.
more than the minimum specified in
Sec. 3.5.3.

AS-Longitudinal Beam Strength

If the pipe is to be installed on sleep
ers or bents or in any other condition
that would create longitudinal bending,
the required beam strength shall be
prO\'ided by adjusting either the laying
length or the wall thickness, or both,
so that the concrete flexural tensile
stress does not exceed 4.5,///. In the
determination of the flexural tensile
stress, the section modulus of the pipe
shall be calculated about the centroidal
axis of the transverse section with no
allowance for longitudinal steel rein
forcement.

Appendix B

References

Reproduced from
best available copy.
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DESIGN OF REINFORCED crnCRETE PRESSURE PIPE--TABLE 1

IntroductiolJ

The purpose of this article is to briefly present a discussion of
the loadings, bedding, design criteria and. design procedure used
by the United States Bureau of Reclamat.ion in t.he design of
reinforced concrete pressure pipe as specified in Table 1. It
is also desirable to prevent the misuse of pipe manufactured in
accordance with the designs present.ed in Table 1 by describing
the design assUQptions and criteria used in these designs.

toads.
Reinforced concrete pressure pipe "is designed for dead load of the
pipe it.self, earth load, t.he load due to the weight of water in the
pipe, a.nd the load due to the hydrostatic head measured :from the
inside of the pipe to the design gradient. In using Table 1, special
live loads due t.o highways, railroads, etc., are converted to an
equivalent earth load and added to the actual earth load. The assumed
distributions of these loads are shown in Figure 1. A. study was made
of' various trench and projection conditions with various types of' soil
and from this study it. was concluded that the earth load could be
determined from the following fonnulae:

A=bxD xVI
t e

We =unit weight of earth + 20 hID t

Max VI =150e

standard designs in Table 1 are based on an assumed weight. of earth
of 100 pounds per cubic foot.

The calculations for Table 1 are based on an assumed bearing over a
90 0 central angle. Figure 2 shows the bedding required for reinforced
concret.e pressure pipe. These requirements are to assure t.hat
assumptions used in design for pressure dist.ribution are met.
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Overexcavate in rock or in unsuitable
material as directed and replace
with compacted backfill.

Compacted backfill for bedding
{ Pipe

<0

~--~__---=::~..c:::::.~_:""=7_--.:t

f
Cradle required jf compacted backfill

for bedding by tamping, rolling or by
~urtace vibration. Cradle not required
If compacted backfill for bedding ;s
compacted by saturation and internal
vibration.

TYPICAL TRENCH
FIGURE 2
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Desifin Criteria

Concrete design is based on a compressive strength of 4,500 psi.
Reinforcing steel design is based on a yield point strength of
40,000 psi.

The analysis of stresses in the pipe is based on pressure distri
butions in accordance withEngineering Monograph No. 6.1/ Values
of the coefficients for moment, thrust and shear for the assumed
central bedding angle of 90° are given in Figure 1. Elcperience
indicates that shear stresses do not control for the depths of
earth covers in Table 1 if the minimum shell thickness in inches
is equal to or greater than the inside diameter of the pipe divided
by 12. Therefore, shear is not considered in Table 1 design.

For cases where combined internal. and external loads are considered,
ultimate design theory is used 1vi.th a load. factor of 1.8.

In order to insure water tightness in reinforced concrete pressure
pipe .a hypothetical case for bursting due to hydrostatic head only
is calculated and the following unit stresses in'reillt'orcement are
allowed:

Hydrostatic head in feet

° to 50.1
50.1 to 15.1
15.1 to 125.1

f s due to head only in psi

16,000
14,000
12,500

For elliptical reinforcement the area of reinforcement is 1.6 times
that required .for circular reinforcement for hydrostatic head alone.

In accordance with ACI Code 318-63 the reinforcement ratio shall not
exceed 0.75 of the ratio which produces balanced conditions at ulti-

[
0.85 k ft 87 000 J

mate strength or maximum l' = 0·15 f J. C x 81 000 + f • In
y , y

applying this criterion to pipe design, the case with the pipe full
of water, but no internal head is used because this loading gives
the maximum ccanpression case.

An investigation of reinforcement cover and bar sizes used by various
pipe manufacturers was tlBde. Based on these findings, the following
tabulation is given:

-83-
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In~ernal diarne~er

of pipe (inches)

45 and less
48 ~hrough 60
63 through 69
72 through 108

Design cover (inches)

0.8750
0.9375
1.0000
1.2500

For single layer reinforcement, ~he s~eel is assumed ~o be at the
centerline of the cross sec~ion. For elliptical reinforcement, a~

the top and bottom of the pipe, the cover given in the above table
is used; whereas, on the side of the pipe where the maximum steel
area, based on positive moment is calculated, the steel is assumed
to be located at the centerline of the cross section. For pipe with
two layers of reinforceLlent, the cover indicated by the above table
is used at all locations.

The minimum longitudinal or radial spacing for circumi'erential rein
forcement is based on aggregate size and is 1-1/2 inches clear for
pipe with dian'.eters of 60 inches and less, and 2 inches clear for pipe
with diameters greater than 60 inches. The tlaXimum longitudinal spacing
is 4 inches center to center of bars. This is an arbitrary spacing
made small to help insure vxatertightness. The maximum reinforcement
bar size is a number II bar and the minimum size reinforcement is
number 8 gage. In determining f1d" the largest bar size consistent
with the spacing requirements is used since bar size is not specified.

The smallest shell thickness given for a particular pipe diameter is
~he minimum permitted. As some pipe manufacturers may use thicknesses
other than those given in Table 1, steel areas for other shell thick
nesses can be arrived at as a straight line proportion between the
areas given "for the shell thicknesses in the table.

Enough lor.gitudinal reinforcement should be provided to satisfactorily
tie the reinforcement cage ~ogether, keeping ~he circumferential rein
forcement in place. A minimum of 4 bars and. a maximum spacing o"f 42
inches is specified. It is the responsibility of the pipe manuf'acturer
to provide any additional longitudinal reinforcement which may be necessary
to prevent circurnf'erential cracking in the pipe '\ro.ll and to provide
su"fficient rigidity to the cage.

Design Procedure

Consider the pipe section with double layer reinforcement shawn in
Figure 3 and refer to Figure 2 or Reference 1 for calculation of
maximum moments and. thrusts.

-84-
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Figure 3

The depth of the compression block, "a" is generally less than "d'."
If this is the case, neglecting the ability of the outer layer of
steel to take part of the tension will lead to a slightly conservative
design. If "a" is greater than lid'" this outer layer of steel will
be in the compression zone and the neglect of it will again lead to
a slightly conservative design. Neglecting the outer layer of steel,
the compressive force

C =0.85 f' bac

Summing moments about the tensile steel :>rields

Me=p.y

The ultimate moment

M = P e = C (d • a/2) = 0.85 r' ba Cd . a/2)
u u c

Solving for a

/2 §ldu
a =d - ~d • 0.85 f' b

c

Using a 1.8 load :f'actor

M =1.8 eM • Py) and
u

P =1.8 P
u

Finally, the area of reinforcing steel, for the inner layer,
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T C + Pu
As =f = f

'1' '7
= C + 1.8 p

f
'1'

Similarly A for the outer layer is calcUlated.s

If M - Py < 0 or e < 0 there is tension over the entire sec
tion and the ultimate design procedure, described above, cannot
be used.

P' e'
TJ. =-(a - dry

p'ed - d' - e'J
T2 = Cd - d')

Figure 4

Referring to Figure 4, the tensile force in each layer of reinforcing
steel is in inverse pro!,ortion to the distance of the direct load
from the given layer of steel.

For pipe with one layer of rein:forcement the design procedure is
similar to that outlined above.

It is necessary to check that the area of reinforcement required for
the maximum compressive case is less than 75 percent of that required.
for balanced design as has been discussed.

It is also necessary to check that the sum of the areas of steel for
the inner and outer layers a.s calculated above is adequate for the
hypothetical bursting case. If additional reinforcement is required,
it is added. so that the ratio of the inside steel area to the outside
steel area will renain the same.

a =depth of rectangular stress block--inches

b =width of beam.--inches

d =distance :from· extreme compression fiber to centroid of
tension reinforcement--inches

d' =distance :from extreme compression fiber to centroid of
compression reinforcement--inches

e =distance between tension reinf'orcement and ultimate thrust-
inches
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e' =distance bet1-teen tension reinforcement and the equivalent
load based. on moment and thrust--inches

r f =compressive strength of concrete-~psic

f = yield strength of reinforcement--psi.y

h =earth cover--feet

k =a factor defined. in Section l503(g), ACI Code 3l8-6}2!
~

p = A 1M
s

r = radius to centerline of pipe wall--feet

ro = radius to inside of pipe wall--feet

t =thickness of pipe rTall--inches

t r =thickness of pipe wall--feet

y = distance f'rom tension reinforcement to centerline of pipe
wall.--inches

A = total earth load. on pipe--pounds

A =area of tension reinforcement--square inches
IS

C =compressive force in concrete--pounds

D =outside diameter of pipe--incheso

Dr = outside diameter of pipe--feet

M=moment due to dead, earth and water loa.ds--foot-pounds

M =ultimate mornent--foot-pounds
u

p = thrust a.t centerline of pipe due to dead, earth and water
loads--pounds

p' = equivalent thrust, eccentrically located, based on P a.nd M-
pounds

P. =ultimate thrust--pounds
u

T =tensile force in reinforcement--pounds

V = total shear due to dead, earth and '\-Tater loads--pounds

W = effective ".,eight of earth per unit volume--pounds per cubic
e foot

X =moment coefficient
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Y ." thrust coefficient

Z = shear coefficient

e • angle from top of pipe--degrees
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Appendix A
Design Requirements

This appelll!i.,; is for ;'lfor11lafioll amf is 1/ot a part of AWlVA C300-74.

AI-General

Reinforced concrete cylinder pipe
co\'ered b\' this standard shall l)e de
signed by-the method described herein
to resist the internal pressures and ex
ternal loads designated by the pur
chaser.

A2-Hydrostatic Design

To resist internal pressure alone. the
cross-sectional area of the circumferen
tial steel reinforcement shall be no less
than the maximum determined from
equations (1) and (2):

A. = Cross-sectional area of circum
ferential steel reinforcement,
including the steel cylinder,
square inches per foot of pipe
wall

Pie = \\"orking pressure, psi
P, = Transient pressure, psi
D II = Insidc diamcter of steel cylin

der, inches

A3-Combined Load Design

The pipe shall be designed to resist
the flexural and axial stresses from
each of the following load conditions:

1. A. combination of working pres
sure. transient pressure, and dead loads
(earth, pipe, and \\'ater)

2. .\ comLination of working pres
sure, dead loads, and li\'e loads

3, Dead loads and liye loads with no
internal pressure.

External dead loads and live loads
shall be computed in accordance with
recognized and accepted theories, such
as presented in Soil El1.qil1ecrill[l by
).L G. Spangler [International Text
book Co., Scranton, Pa. (2nd ed.,
19(0), pp, 3%~18J and in Con
aete Pipe Desigll .11Glllial [American
Concrete Pipe Assn" Arlington, Va"
(1970)].

The coefficients for moment and
thrust shall also be from recognized and
accepted theories, such as presented in
"Stress Coefficients for Large Hori
zontal Pipes" by J. ::'If. Paris [T;lI,i7i
//l'crillf/ Xc,('s-!<ccord, \"(ll. ~. p. 7ri8
(1921)] and i11:"Stre;:s .-\l1aly;;is of
COllcrete Pipe" by H. C. Olander
lEllg. :Monograph Ko. 6;'US Bureau

(1)

(2)A _ 6(P", + PI)D"
• - 16,500

A _ 6P",DIJ

• - 12,500
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of Reclamation, Dept. of the Interior,
Washington, D.C.]. The bedding
angle used in design shall be compatible
with the installation specified by the
purchaser.

The reinforced concrete design shall
be according to the applicable provi
sions of ACI Standard 318, with either
the strength method or the alternate
design method (\vorking stress
method) being used.

For the strength method, the load
factor shall be 1.8; the capacity reduc
tion factor, cp, shall be 1.0; and an
equh"alent rectangular concrete stress
distribution shall be used. The design
yield strength, fYI shall not exceed
40,000 psi for the sides of the pipe, and
the design yield strength shall not ex
ceed the value determined by equations
(3a) or (3b) for the crown and invert
of the pipe.

Illi = 27,000 psi,
where A r < HA r + All) (3a)

Illi = 33,000 psi,
where A r ~ HA r + A y ) (3b)

Ill i = Design yield strength for the
crown and invert of the pipe,
psi

A r = Cross-sectional area of rod rein
forcement in the tensile zone
of the crown and invert, square
inches per foot of pipe wall

All = Cross-sectional area of steel
cylinder. square inches per foot
of pipe wall

For the alternate design method,
the load and cp factors shall each be
1.0; the calculated compressive stress
in the concrete shall not exceed 0.45 fe'
(th~ specified 28-day compressive
strength); and the allowable tensile
stress in the reinforcement shall 1Iot ex
ceed 22,000 psi at the sicles of the pipe
and shall nut exceed the vahle deter
mined by l'quation (4) for the crown

-90-

and imert of the pipe, with the appli
cable value of tlli from (3a) or (3b)
being used.

f •• = 0.55111' (4)

f •• = Allowable tensile stress for the
inner layer of steel reinforce
ment at the crown and invert,
psi

""hen the transient pressure is com
bined with other loads, the required
capacity for the strength method shall
be reduced by 25 per cent, or allo,,"able
stresses for the alternate method shall
be increased by one third. The pro
visions of this paragraph apply only
to load condition 1.

A4-Reinforcement Cage
Configurations

Reinforcement shall consist of a steel
cylinder and one or more cages. The
cages may be circular or elliptical in
shape and may be used singly or in
combination. The cross-sectional area
of the circumferential rod reinforce
ment per linear foot of pipe shall be no
less than 40 per cent of the total area
of reinforcement per linear f00t of pipe.
\Vhen the reinforcement consists of a
combination containing an elliptical
cage, the cross-sectional area of the
circular reinforcement, including the
steel cylinder, shall be no less than that
determined by Eq (1), with an allow
able steel stress of 23,000 psi.

The design depth of the pipe wall
section shall be taken to the centroid of
the tensile steel. The design clear con
crete cover for an outer circular cage
or for the horizontal axis of an elliptical
cage shall be l~ in. For the steel cyI
incler, the design clear cover shall be
the nonIiual lining thickness designated
by the manufacturer !Jut no Jess than
the minimulIl lining thickness shown
in'Table 3 of Sec. 3.1.3.
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Design Procedure
Pretensioncd pipe of the type cov

ered by this standard is designed pri
marily on the basis of safrly resisting
tlte specified internal design and tran

sient pressures. Reliance for satis
factory performance of the pipe under
certain underground conditions must
be placed on the procedures followed
in installation of the pipe and place
ment of the backfill around it, aug
mented where necessary by special de
sign precautions. so that injurious de
flection of the pipe \yill be pre\'ented
(see Fore\\'ord) .

The aYera~e circumferential stress
in the steel cylinder and rod reinforce
ment at design pressme shall not ex
ceeel 16,500 psi nor 50 per cent of the
specified minimum yield strength of
the steel' used in the cylinder \\'hen
computed by the following formula
(1) :

(I)

where

f. = average circumferential stress
in the steel cylinder and rod
reinforcement, psi

p", = design pressure, psi
DI/ = inside diameter of cylinder,

inches
A r = cross-sect ional area of rod

reinforcement, sq in. per ft of
pipe \\'all

A 1/ = cross-sectional area of steel
cylinder, Sf] in. per ft of pipe
wall

In design, determine the cylinder
thickness and the area of reinforce
ment rod per ft of pipe \\'al1 on the
basis of the forc~oing formula (1) and
the proYisions of Sec. 3.2.2, applying
the pipe diameter and the lining thick
ness required in Sec. 3.1.4. Determine
compatible rod size and spacing, and
check for compliance with provisions
for clearance, mimimul11 rod reinforce
ment area and limita! ion as to per cent
of total steel area, as specified in Sec.
3.2.2.

Should it be necessary to provide an
allowance for transient pressure greater
than 50 per cent of the design pressure,
as stipulated in Sec. 3.2.1, the average
circtullferential stress in the steel cyl
imler and rod reinforcement under the
combined effect of the desi~n pressure
<1 nd tfan5ient pressure slw II not exceed
15 per cent of the specified minimum
yield strength of the steel used in the
cylinder when computed by the follow
ing formula (2):

f, = (P .. + P.) 6 n. (2)
A. +AI/

where

J, = average circumferential stress
in the steel cylinder and rod
reinforcement, psi

p w = design pressure, psi
PI = allowance for transient pres

sure, pSI
DI/ = inside diameter of cylinuer,

inches
A r = cross-sectional area of rod

,reinforcement, sq in. per ft
of pipe wall

A 1/ = cross-sectional area of stee
cylinder, sq in, pcr ft of pip(
wall

For purposes of arle!Jt::ltely resistiug
external loads, the combined structural
properties of the pipe, its bedding, and
the const raints prO\'ided to prevent its
injmiou5 deiormation, shall be de
signer! 'on the basis that the maximum
deflection to \\'hich the pipe may be
suhjected after inst:dl;ltion under
ground shall not at any point excee I
/)2/4.000 inches, or such other limita
tion as may be explicitly authorized by
the purchaser in writing, "'here D is
the nominal diameter of the pipe in
inches. The dd1ection of the pipe is
identilicd ;IS the In<1xill111fll extension
of the horizontal diameter or shorten-

1/-
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REINFORCED CONCRETE WATER l'IPE

ing of the vertical diameter with the
pipe in an unwatered condition.

For purposes of such design for re
sistance to external loads, the wall stiff
ness of the pipe required in order to
limit deflectiolJ as specif:ed herein shall
be cstimatedfor each r~ach of pipeline,
taking into account the characteristics
of the soil in \\'hich the pipe trench is
to be excayated, the deptk of coyer oyer
the pipe, the specified methods of ex
cayation and backfill of the trenches,
the nature of the bacldilI material, the
specified methods of bedding the pipe,
and the superloads resulting from pas
sage of \'ehic1es along or across the
surface of the oyerlyill6 ground, or
from a:1Y other load to be exerted upon
the ground over the pipe. The re
quired wall stiffnesses thus determined
shall be compare<..1 with the computed
wall stiffness of the pipe to be installed
in each affected reach of pipeline, such
computed stiffness beiIl~ based on
structural properties of pipe propor
tioned to resist tIle specified design and
transient pressures by application of
formulas (1) and (2) of this Appendix
A. If such computed stiffness fails to
satisfy the refjuirements for wa1l stiff
ness established as hereinbefore speci
fied in any reach of the pipeline, the
specified methods (Jf trench exca \'ation,
bedding, or backfilling shall he modi
fied so as to impro,'e the control of pipe
deflection and the section area of steel
C) linder anu rod reinforcement per
linear foot of pipe wal1 shall be suf
ficiently increased within the length of
such reach, so that the pipe will haye
the required wall stiffness throughout
all afTected reaches.

The term "wall stiffness" as used
herein is defined as EI where E is
modulus of elasticity and I is transverse
moment of inertia per unit length of
pipe wall, the factors in the foregoing
expression to Le dimcnsionally com
patible.

Computed wall stiffness shall be
taken as one-fourth thc yalue derivcd
frolll the cO:llposite wall section of the
pipc, transformed on the oasis that
the modulus of elasticity of steel is 7.5
times tllat of concrete or mortar, and
tLe modulus of elasticity of the con
crete or mortar is 4.000,000 psi. The
CUl1crete or monar linilcg and the ex
ter:ur mort:lr cO:ltiilg- shall be con
sidered to IJe structurally Landed to the
cylinder and rod reinforcement
assembly in a manner proyiding full
shear restraint.

References

Following are references to technical
articles useful in conncction with the
design of pipe for external loadi:lg as
ant lined abO\'e.

1. :\ :;UEHSO:-f, ~L H.. CREAS~IA~, \V. C,
& SHIH, R. C. A Method of De/ami,r
ill!! !',I"IlIisslu!e F:lIrtlt [o,',r Loads on Ct'
IJfc·lIt-.llorlar Li;zcd (I 1/(1 C"lIlcd Pipe. En
ginecring T0i'ic :\<), 7. t\IlJ(:rican Pipc and
Constn:ction Co. (1%7).

2, S[',\~r.I.EI<. ?\L G. S,Jil Ellgillt'erill(J
2",1 Ed" [Ilternati',aal Tcxtbouk COll1pany
:-:cr:lIltulI (1 ')(,0) ,

J. \V.\TK1:-; S, R. K. & SmTH, A. B
l~i:1~ Ddlcc':iull uf Buried PiI'C, JOliYlllll

AII·WA. 593 (\fareh, 1(67).
4. In-t;\l!aticlll (.f Concretc I'ire. A \V\VA

\lall[1;)1 M9, American \Vater \Vorks Asso
(";;)Ii"n. ?\cw York (1%7) .

.5 Stl'cl Pipc !)(·sign an,I Installation,
A \\'\VA 1L'llIal :-111, t\ll1crican \VatcT
Works AssGcia:iun, ?\cw York (196-1).
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Appendix A
Cubic Parabola Design Method

T,'l"s (,f'I'"'/ulix is for illforillatioll ollly lind is 1101 tal'l of All"/V.l C301-7!

earth load, in combination with design
pressure p.

Three-ec1ge-lJl'aring "altles of I/'"
used for design shall be conservatively
based on the manufacturer's accumu
lated test results. Supporting test data
shall be provided if required by the
engineer.

Fig. A. Design and Transient-Capacity
Curves for Lined and Embedded Cylinder
Pipe Using Cubic Parabola Design Metllod

(;r,/!,ll (a) is for lillcd- allli Grapll (b)

for elllbedd.'d-c)'fiuda pipe. III both
!tr'lphs, T d.'sigua"'s IIt.- trallsie/l/-luud
cllrz'c IIl1d D tlie d,'sit/II <'lIri'.'; ~'-l is f,l/"
the thr,'e-edge-b"arillf/ load eqlli'i"tlelll ttl
hi'/? load; "(Iud !'.,p is fill' Sllr!!e pressure ill
exc('s.~ lIf the /lOYlIl,1l operatillg or dc'sigl/

pressure.

1 2 Po

Graph (b)

Graph (a)

T

P" 1 4 Po

I~lernal Pressure

~

"~ 1.2W
o
r- _

~ fi··o ==,,",-_

in which Po is the internal pressure re
quired to overcome all compression in
the core concrete, exclusive of the ef
fect of external load; 11'0 is nine tcnths
of the three-edge-bearing load produc
ing incipient cracking in the core, with
no internal pressure; p is the maxi
mum design pressure in combination
with three-edge-bearing load, 'W, and is
not to exceed 0.8 Po for lined cylinder
pipe r Fig..\ (a) I ; '1" is the m:txill1l1111
three-edge-hearing load, equivalent to

H'. [.tI-Jw=4p. "VP.-P

The wire area, tension, and spacing
under which the wire is wound and the
core t.hickness shall be varied so that
the specific combination of design
pressure and earth load will fall on or
under the design curves in Fig. A
(a and b). The resulting design has
a transient-load capacity equal to the
difference between the design pressure
or earth load and the value determined
from the extension of the appropriate
line for ~urgt pres~urc or li\'e load until
it intersects the transient-load curve.
1f surge pressure- exceeds -W per cent
of design pressure or live load (in
cluding impact) exceeds the American
Association of State Highway Officials
H-20 loading, this greater value should
be stated in the supplementary speci
fications.

The design curve is defined by the
following equation:
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Appendix B
Stress Analysis Design Method

This a/'l'clldix is for illfor))/olioll Dill}' alld is 1101 tart nf .·1 WIVA C301-il

The wire area, tcnsion, and spacing
under which the wire is wound and the
core thickness shall be varied so that
the specific combination of design
pressure and earth load will fall on or

."..
o

..J..
C

~... 1,2 ~d

Wd

Po 1.4 Po
In!ernal Pressure

Fig. B. Design and Transient-Capacity
Curves for Lined and Embedded Cylinder
Pipe Using Stress Analysis Design Method

Gra/'h (0) is filr iiI/cdc alltI Graph (b)
cmbedd,'d-cyli1ldo,tit,", fll bolh gftlfhs,
T dcsi!Jllatcs tli," tntllsioit-'oad Cllrz'," ttlld
n tlic dcsi!11/ CllrZ'e; flo is tlie illtallal
prcssure "t'qlliro! til o,'creO//le al! COIll

tr{..~sioll ill tlie core cOl/erele, (xclush'e
of tire eff<'Ct of exterllal load; p .•p is the
surgL' pressure ill excess of tlie normal
o/,eratiug or desi[/11 f'res.wre; TVd is the
maxilllulII d"si!JII ]idd exterllal load ,('itlz
inferl1al /,ress1lre equal ta ::cro; alld "'1

is the liz'e load il1 cxcess of tlze exta//al
dead load.

under the design curve illustratcd in
Fig-, 13 (a and !J), The resllltiur.;
design has a transient-load capacity
cllual to the difference bctween the
design pressure or earth load and the
value determined from the extension
of the appropriatc line for surge pre~

sure or li\"c lU:l.d until it intersect:;
the tran~it;llt-Ioacl cun'e, 1f surge
pre~~ure exceerI~ ..J.O per cellt (If rIe~igl1

pressure, or Ih·e load (including im
p;;ct) exceeds the Americ:lI1 :\ssocia
tion of State HigIl\\':l}' Officials B-ZO
loading, this gre:Jter "alue should he
o-tatcrI in the ~\Ipp1cllll'11lary ~I)(:ciflca

(i"n ~,

The design curve is defined by the
following cC),uation:

[
_.11 FJ A,

I) = r + i 5 ,If' - - ± - --
." ' e S "I, 121<.

in which p is the maximum design
pressurc in combination with field ex
ternal load, 'Z(', and is not to exceed 0,8
!'" fnr lined-cylinder l'ip'~ I Fig, II (;d 1;
fer is the resultant induced compres
sion; 7.5 \/f'c is the allowahle tensile
stress where Fe is the specified 2S-day
compressh-e strength of the concrete;
Jf i~ the to(;t! nllllllt'll( ill thc l'ip('~ .. ,·
tion duc to pipe weight, water weight,
anrI c.'\1<'r1lal 1,,;1(1: F i,; lilt' le,la1 tllnl~t

in the pipe section due to pipe weight,
\\'ater \\'cight. :\11\1 external Iq;vl: .t..,' is
the section modulus of the control pipe
section based on the total pipe wall at
(he cro\\'11 ant! inn:rt ,;('ctirJllS ;jIlt! on
the core only at the ,;ide scctilJIl; .11,
is the transformed cross-sectional area
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• the control section based on the total
pipe wall at the crown and invert sec
tions and on the core only at the side
section; and R 1I is the outside radius of
steel cylinder.

The coefficients for moment and
thrust calculations shall be from recog
nized and accepted theories, examples

of which are to be found in "Coeffi
cients for Large Horizontal Pipes," by
J. H. Paris IEng. News-Record, yol.
87, p. 768 (1921)] ; and "Stress Anal
ysis of Concrete Pipe," by H. C.
Olander [Eng. :i\fonograph N"o. 6 US
Bureau of Reclamation, Dept. of the
Interior, \Vashingtoll, D.C.I.

95



IV. REINFORCED AND PRESTRESSED CONCRETE PIPE DESIGN

1. Planning and Preliminary Design

The flow chart I of Fig. 18 shows the essential steps in the planning and

preliminary design of an underground waterpipe line. This chart is self

explanatory and is applicable to the planning and design of an underground

waterpipe whatever its material.

2. General Method for the Final Design of Concrete Pressure Pipes

A. Numerous contacts with some of the major manufacturers of concrete

pipe and with their manufacturing associations (the American Concrete Pipe

Association and the American Prestressed Concrete Pipe Association*) have

demonstrated the uniformity of design procedures employed by the industry

at the present time. As a consequence of this design uniformity, that is not

absolute and still permits a few minor variations in design procedure from

firm to firm, the standard products furnished by the various.manufacturers

are practically identical as they are the result of the same general design

method. The flow chart II of Fig. 19 gives a resume of this method and

includes most of the loading conditions and design considerations used by

the various manufacturers.

The design methods used by the industry at the present time follow the

general recommendations and specifications outlined by~

a) the American Water Works Association (Ref. 10-13)

b) the Bureau of Reclamation (Ref. 14-18)

c) the American Concrete Pipe Association (Ref. 20), and

d) the American Prestressed Concrete Pipe Association.

*Located at: 8320 Old Courthouse Road, Vienna, Virginia 22180
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Design information on and guidelines for concrete, steel reinforcement,

steel cylinder plate, and prestressing wires are also provided by:

a) the American Concrete Institute (Ref. 1 and 2),

b) the Prestressed Concrete Institute (Ref. 3 and 4), and

c) the Portland Cement Association (Ref. 5).

Design information relating to earth and traffic loading, pipe hydraulics

and bedding conditions is also given by:

a) the Bureau of Public Road (Ref. 6),

b) the Transportation and Highway Research Boards (Ref. 7),

c) ilie U.S. Army Corps of Engineers (Ref. 8 and 9).

d) ilie American National Standard Institute (Ref. 21), and

e) ilie American Society of Civil Engineers (Ref. 35).

B. In general, concrete water pressure pipes are designed as rigid pipes

with no significant short term differential displacements along their

length, either vertically or horizontally. In other words, the essential

part of the design involves only ring stresses (see p.6 of IR-3 for discussion

of this condition in cast-iron pipes.) As the pipe industry is primarily

concerned with long term serviceability and crack control and as engineering

practice does not allow, at the present time, for sophisticated stress

analysis by elasto-plastic theory using finite-element methods (see Part VII,

p.233 ), the current design methods rely mostly on the empirical results

of so-called 3-edge bearing tests, performed in the laboratory to establish

practical limits on the strains in the steel and the concrete due to the

superimposed vertical loads of earth cover and traffic. In a 3-edge bearing

test the pipe is supported along two longitudinal line supports (sYmmetrically

-99-



located about the vertical symmetry axis of the pipe) and loaded by a

longitudinal line load at its crown. (The 3-edge bearing test producers are

described in ASTM C497, reproduced in AppendixA.) Various parabolic

interaction curves for the allowable and the ultimate 3-edge bearing-test load

(in lbs/lineal foot) versus the internal operating pressure (in psi) have

been established empirically for the different types of pipe (see ANSI A2l.1

or AWWA CIOI and AWWA C-300. C-301. C-302 and C-303) and are utilized to

safeguard against the occurrance of unacceptable tensile stresses in the ring

and, hence. significant cracking of the concrete core.

In order to convert the 3-edge bearing test load to an equivalent field

load. load factors_ {Lf ) have been developed that represent the ratios of the

pipe supporting strength in the field to the strength demonstrated in the.

3-edge bearing tests.

C. The field supporting strength of a rigid pipe depends chiefly on two

characteristics of the installation: a) the width of bedding of the pipe

and the type of contact between pipe and bedding, that affect the distribution

of the vertical soil reaction; and b) the intensity of the lateral soil

pressure on the sides of the pipe and the area of the pipe against which this

lateral pressure is exerted, that affect the ovalization of the pipe.

With reference to the first of these characteristics, several classes of

bedding have been established and minimum load factors have been computed

for each class on the basis of the reaction distribution for that

class (see 11.3 for bedding classification and load factors.)
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The second characteristic, involving the distribution of lateral soil

pressure, is a function of the horizontal deformation of the pipe at the spring

line as it ovalizes under the superimposed loads. When these deformations are

small (less than 01. percent of the pipe diameter), the pipe is arbitrarily

considered rigid and no redistribution of the passive earth pressure is

assumed to occur around the pipe. This conservative assumption is usually

made in designing RC, RCC, PCC and PCEC pipes.

When the horizontal deformations are between 0.1 percent and 3.0 percent

of the pipe diameter, the pipe is considered to be semi-rigid and a

redistribution of the passive lateral pressure is assumed to take place in

determining the ring bending forces due to the superimposed vertical loads.

This is done by the use of Spangler's equation (see Ref. 36), which was

derived for flexible pipes and is based on the pressure distribution of

Fig. 23 where:

W = superimposed load per unit length

r = pipe mean radius

a = bedding angle

h maximum horizontal pressure

2
~x = 4Cr = maximum horizontal deflection (C = .00025)

e = modulus of passive resistance of side-fill material

Spangler's formula evaluates 6x as a function of the superimposed load,

the pipe bedding, the lateral settlement of the side-fill, the pipe mean

radius and its flexural rigidity (El), and the soil modulus.
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Since the modulus of elasticity of the concrete E and the moment of

inertia I of the ring cross-section appear in Spangler's formula for Dx and

since both E and I vary around the circumference of the pipe due to cracking,

composite sections for the pipe are arrived at by assuming that cracking is

limited to 100 0 arcs at the springline and to 60 0 arcs at the crown and the

invert which results approximately in the same flexibility at both sections.

As the stress-strain curve for the concrete, particularly in the length tensile

region is non-linear, a reduced effective concrete modulus E = 4xl0
6

is used.

Deflections computed for a number of test pipe section using 25 percent of the

composite moment of inertia are reasonably close to experimental results.

RCCP pipes are designed as semirigid pipes according to AWWA Standard

C303 (see Ref. 36 for the details of such design).

When the horizontal displacement of the pipe at the springline exceeds 3.0

percent of the pipe diameter, the pipe is considered flexible and Spangler's

pressure distribution and equation are used to establish the redistributed

ring pressure due to superimposed loads.

At the present time, no concrete pipes are usually designed as flexible.

Once the final pressure distribution intensity due to superimposed loads is

established, the allowable design stresses due to the combined superimposed

loads, the operating pressure and surge, the negative vacuum pressure from

shut-down and the static equivalent seismic shock are checked by means of

linear interaction curves of the external superimposed loads (in lbs. for

lineal foot) vs the internal pipe pressure (in psi) (see Part III Appendix B

for AWWA standards C300, C30l and C302 giving such curves and the corresponding

stress analysis design methods, and Sections IV-5 and IV-6 for examples of

design of PCC and PCEC pipes).
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A number of additional stresses are checked in the design of pipes, which

will not be considered in this report. Among them are:

a) Stresses due to handling, transportation and erection.

b) Stresses due to temperature variation after erection.

c) Stresses due to changes in direction of the line.

d) Local longitudinal and ring stresses due to prestressing discontinuities,

gasket reactions and temperature variations after installation.

e) Temporary longitudinal stresses at the joints due to prestressing,

which are relaxed by concrete creep, wire relaxation and plastic

redistribution.

The general design methods of this section are applied to PCC and PCEC

pipes in Sections IV.5 IV.6 and SectiQn VI, in order to determine the actual maximt

operating stresses in the pipes, the pipe ultimate strength and hence, the

static reserve of strength of the pipe.

3. General Design Parameters

The main design parameters common to the design of all concrete pipes

are:

a) Pw - the positive working or design pressures which are the maximum

and minimum internal pressures caused by the hydraulic gradient and

the flow of water. (These pressures are assumed to create steady

state stress conditions in the pipe.)

b) Ps - the surge pressure caused by water hammer conditions in the

pipe. The minimum p is 1.4x
s

the design pressure as required by

AWWA standards.
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c) W - Longitudinal superimposed earth load per lineal foot along the
e

pipe. (A minimum of 6' of cover must be assumed with ordinary bedding

(class C) according to AWWA standards.) This parameter is a function

of the unit weight of the soil, the construction classification for

the pipe installation (see II-I), and the bedding (or support)

conditions (see 11.3).

d} WLL+I - Longitudinal traffic live load per lineal foot of pipe

including impact. Load intensities are usually based on a spatial

stress distribution in a semi-infinite elastic medium according to

Boussinesg's or other theories.

e) W - Seismic loads, usually represented by equivalent static loads
s

per unit of vertical projected area of pipe applied to opposite sides

of the pipe. At this time these loads are crudely estimated from

code guidelines, or from simplified dynamic analyses which attempt

to simulate the soil environment interaction by the use of a limited number

of degrees of freedom. Even these static seismic loads are seldom

taken into account by the manufacturers.

f) Pneg - The minimum negative internal pressure (partial vacuum)

caused by a shut-down in the pumping and hydraulic systems.

g) W - The three-edge bearing load - the test bearing load per lineal
o

foot of pipe, at zero internal pressure, which produces incipient

cracking in the concrete cylinder or core (see ASTM C497 for

description of standard test methods).
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h) L
f

- The load factor, used to convert the three-edge bearing (test)

load to an equivalent superimposed vertical load (lbs/linear foot)

which takes into account the actual construction conditions of the

pipe installation. (see Part 11.3.)

4. RC, RCCP and RGC Pipe Design

The design of these pipes is based on the theory of reinforced concrete

composite sections and does not present aspects peculiar to pipes.

Part III, Appendix B contains the design procedures used by the Bureau of

Reclamation for the checking of RC pipes, the AWWA Standard C302 for the same

pipes, the AWWA Standard C303 for the RCCP pipes, and the AvMA Standard

C300 for the RCC pipes, and illustrates the approach common to such designs.

5. The Design of PCC and PCEC Pipes

This and the following section illustrate the design procedures and two

examples of a PCC and a PCEC pipe design as performed by major manufacturers.

WA was provided by major manufacturers with typical design examples,

computer outputs of such designs, test reports, experimental graphs, technical

articles, and library references as background material for the examples

in.Section I~.6.

As there are slight variations in the detailed design procedures of the

·different major pipe manufacturers, WA has attempted to incorporate their

governing design criteria and consideration into two all encompassing design

examples.

These are believed to present a comprehensive unified design approach

typical of industry's approach today.
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In working up these typical designs, three main design considerations have

been dealt with in detail:

A. The Pipe Loading Input -

Based on engineering theories and judgements which represent the

best approximation to the actual loading the pipe will receive from the internal

pressure and the external loads.

B. The Crack Control - Serviceability Criteria -

The industry has defined the point of incipient cracking to be the

appearance of .001" wide x 1'-011 long microscopic cracks (not visible to the

naked eye, see ref. 37 ). Nine tenths of the three-edge-bearing load

causing this type of cracks is taken as the design three-edge bearing load

at zero internal pressure, which is the starting point of the cubic parabola

interaction curve, for working-design as defined by the AWWA Standard C30l,

for a given pipe and given construction conditions (soil environment and class

of bedding).

c. The Working Stress Criteria -

Based on an allowable tension in the concrete core of 7.5~
,

(where f is the ultimate 28 day compressive strength of the concrete), the AWWA
c

Standard C30l gives a method for determining straight line interaction curves for

allowable loads or stresses in the precompressed core versus the internal

pressures at the crown, the springline and the invert locations for a given

pipe and construction conditions are determined from these curves.

Coefficients are used by industry to determine the maximum moments

and thrusts in the pipe at the crown, the springline and the invert for the

working stress criteria.

Two different methods have been used to obtain these coefficients.
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Paris, in 1921, (see Ref. 45) using elastic arch theory, broke down the

solutions into superposition of stresses due to linear distributions of external

vertical loads or reactions (see Fig. 23A).Orlando, in 1950 (see Ref. 18) assumed

instead bulb-type pressure distributions for the external loads and reactions,

(see Fig. 23B).

Both sets of coefficients are used by industry today. With Paris'

coefficients, only the vertical components of the external loads are considered

and no horizontal soil pressure is taken into account. This conservative

approach results in larger coefficients for the moments and smaller coefficients

for the thrusts. With Orlando's coefficients some horizontal reactions from

the normal soil pressures are taken into account, on the basis of Marston's

work at the Iowa Engineering Experiment Station (see Ref. 46-48) leading to a

less conservative approach with smaller moments and large thrusts.

When static horizontal seismic pressures are added to Paris' vertical

loads and reactions, a distribution of external loads similar to that of

Orlando is obtained.

r----EOUIVALENT
UNIFORM
YERTICAL EARTH LOAD

PIPE

~--++--BEDDINGANGLE

UNIFORM VERTICAL
SUPPORT REACTION

PIPE MODEL FOR

EARTH LOAD USING.
PARIS FORCE

COEFFICIENTS

FIG.23A

-108-

PRESSURE BULB
FOR NORMAL
EARTH PRESSURES

PIPE

,-J~-+-BEDDING ANGLE

1---- PRESSURE. BULa
FOR SUPPORT
REACTION

PIPE MODEL FOR

EARTH LOAD USING.
ORLANDO'S FORCE
COEFFICIENTS

FIG. 23 B



DESIGN EXAMPLES FOR A PCC AND PCEC PIPE

In Example A for the PCC pipe and Example B for the PCEC pipe following,

WA has used the standard nomenclature used by the industry (see pages 110 and Ill).

On pages 112-113, Tables IX and X, giving typical pipe material properties, have been

reproduced from manufacturers standard data sheets.. Figure 20. on page 114 for the loss

paramater $, and the general formulas used in the design examples have also been

reproduced from manufacturers graphs. Figure 21, on page l15,is a non-dimensional

plot of the AWWA Standard C301 design interaction formula for use in the

design examples. Figure 22, on page 116, contains a family of curves compiled

by WA from manufacturers data and technical reports (see ref. 37, 39 and 41), which

give in terms of the concrete core stress conservative lower bounds for three

edge-bearing loads at incipient cracks of .001 in. Fig. 22 is valid for standard

cores for pipe diameters from 16-60".
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PART Bl 5 & 6

NOMENCLATURE FOR PCC AND PCEC PIPES

Internal Pressure Classifications (psi):

P
w

= Working or design pressure

Test pressure

= Pressure due to water hammer or surge

Pressure which counteracts the force of the circumferential
prestressing and results in zero concrete stress in the core

= Pressure at which the prestressing wire is stressed to 0.75 f su

P
o

= Bursting pressure for pipe based on failure of the cylinder
and the circumferential prestressing

Wire Stresses (psi):

f = Gross wrapping stress
sg

f = Initial wire stress
si

f = Ultimate strength of wire
su

f = Resultant wire stress
sr

M = Wire stress change due to concrete inelastic strain
sl

/),f = Wire stress change due to P
s2 0

M = Wire stress change due to PIs3

L
l

= Loss due to elastic shortening of core

L2 = Loss due to wire relaxation

L
3

Loss due to wire embedment (embedded cylinder pipe only)

Cylinder Stresses (psi):

f = Initial cylinder stress
yi

f Resultant cylinder stress
yr

/'
f
yb = Stress in cylinder at bursting pressure

/),f
y1

Cylinder stress change due to concrete inelastic strain

M
y2 = Cylinder stress change due to P

0

/),f
y3 Cylinder stress change due to PI
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PART D1 5 & 6

Concrete Stresses (psi):

f. Initial concrete core stress
Cl

f = Resultant concrete core stress after relaxation and creep lossescr

~fcl Concrete core stress change due to concrete inelastic strain

f Concrete compressive strength at time of wrapping
c

Strains:

e Concrete core creep strain
c

e
cl

Concrete core elastic strain due to core creep strain

e
sl

Wire elastic strain due to core creep strain

e
y1

Cylinder elastic strain due to core creep strain

Additional Symbols:

A
c

A
s

A
Y

C
r

D
Y

E .
Cl

Ecr

E
s

n.
1

n
r

= Net concrete core area, sq. in. per lin. ft.

Area of prestressing wire, sq. in. per lin. ft.

Cylinder area, sq. in. per lin. ft.

Concrete core creep factor, ratio of inelastic strain
to elastic strain

= Outside diameter of cylinder, inches

Initial concrete core modulus of elasticity, psi

Resultant concrete core modulus of elasticity, psi

Steel modulus of elasticity (wire and cylinder equal), psi

Initial modular ratio, n. = E IE .
1 s Cl

Resultant modular ratio, n = E IE
r s cr

Wire relaxation loss factor, L
2

= Rlf
sg

p

p'

Wire embedment loss factor, L
3

=

Wire steel ratio, A IA
s c

Cylinder steel ratio, A IA
y c
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PIPE RING DATA FOR CONCRETE CORE

WIRE RELAXATION AND CYLINDER STRESS

PRESTRESSED CONCRETE CYLINDER PIPE - PC C
PRESTRESSED CONCRETE EMBEDDED CYLINDER PIPE-PCEC

E .
C1

Ecr

E
s

n.
1

n
r

C
r

Description

Initial Conc. Core - Mod. of Elast.

Resultant Conc. Core - Mod. of Elast.

Wire & Cylinder-Steel Mod. or Elast.

Es/Eci - Initial Mod. Ratio

Es/Ecr - Resultant Mod Ratio

Cone. Core Creep Factor 
inelast. strain
elastic strain

Wire Relaxation Loss Factor

Wire Embedment Loss Factor

TABLE IX

Centrifugated Concrete Cast Concrete
For PCC For PCEC

4.7 x 106 psi 4.0 x 106
psi

5.6 x 10
6

psi 4.7 x 10
6

psi

28 x 10
6

psi 28 x 10
6

psi

6.0 7.0

5.0 6.0

1.50 2.00

0.05 0.05

0 0.05

Concrete Strength and Maximum Allowable Stress for Wrapping

Concrete strength at time of wrapping, f
c

f ci 3500 psi for PCC
f c : ~ but not less than 3200 psi for PCEC

Maximum initial concrete stress: PCC

Diameter 16" - 20" 24" - 30" 36" 42" & 48"

Max. f
ci

(psi) 3000 2850 2600 2400

Maximum initial concrete stress: PCEC

Diameter 24" - 36" 42" and larger

Max. f
ci

(psi) 2500 2250

Cylinder stress for Pipe Bursting:
PCC f : 41,000 psi

yb
PCEC f

yb
= 45,000 psi
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1.0

0.9

0.8

cO-
0.7

0.6 PCC

0.5

0.4 +0---...----.----.,.---...--....---...---..---.--...--....---...---.....---.--.---.....--....-..-..
o .01 .02 .03 .04 .05 .06 .01 .08

P +P'

.09 .10 .11 .12 .13 .14 .15 .16 .11

CURVES OF LOSS PARAMETER & FOR PCC AND PC EC PIPES

(l-R -R )
1 2

[1+n (p+p)]
Where: B 1 2 r (Ref. 44, p.9-10).1 ,

[1+n. (p+p )] [l+n (p+p) (1+C )]
1 r r

GENERAL FORMULAS REQUIRED IN DESIGN:

p
o

[A N (A +A )]
ct r s y

f
p - ~ [A + A (R +R )] > 1.70 PL - 6D s y 12 w

y

A f A f bs su + y y
6D

y
f
cr

= pfsg S
1

l+n (p+p)
r

(For Formula Derivations, see Ref. 19, p.8-l0, Ref. 39, p.1055-l057,
Ref. 44, p. 5-12)

Fig. 20
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PART Dr
THREE - EDGE BEARING LOAD VS. RESULTANT CONC. CORE STRESS

PRESTRESSED CONCRETE CYLINDER PIPES- STANDARD CORES

2000

Three edge bearing loads (fJ

.001" wide x 1.'0' long crack w
SO- Q.

at zero internal pressure Q.
1S000

0
w
0

54'
Q.

14000

48·

..,

..J-CIl 42-
III
..J 12000

0
0

3:' 3S-
ll:
lJ
<
II: 10000
lJ

Ul
~ 30" w
Z Q.

III Q.
....
lJ
! 24- 0

8000 0
~

Q.<
c 20"
<
0
..J

CI 16"z 6000
II:
<
III
III

III
CI
C
III.

4000III
III
II:
X
~

O~--=---:=---::!:-_-=-_-::!:__~_--::~_~_~~_-±-_--:!

o g g g g g g g g g g g
N "It 10 co 0 N "It 10 co 0 N

~ ... ... ... ... N N

RESULTANT CONCRETE CORE STRESS fcr~

Fig. 22
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EXN·1PLE A

TYPICAL DESIGN OF A 30 IN. DIAMETER PRESTRESSED CONCRETE LINED CYLINDER PIPE (PCC)*

1. PIPE INPUT DATA:

Inner Diameter D

Outer Cylinder Diameter D
y

Area of wire/L.f. of circumference A
s

Area of core/L.f. of circumference A
c

30 in.

1-7/8 in.

13/16 in.

2.6875 in.

0.0610 in.

0.7320 in. 2/L.f.

33.75 in.

202.5 in.

35.375 in.

No. B

IV

0.162 in.

0.285 in. 2/1. f.

21. 768 in. 2/1. f.

=

=

=

O.D.Outer Diameter of Pipe

Wire Diameter

Wire Type (See Table X)

Wrapping Wire gauge

Core Thickness t
c

Coating Thickness t we

Steel Cylinder Thickness t y

Cylinder Area/L.f. of circumference A
y

Total Pipe Thickness t
w

6 D
y

DESIGN DATA:

For properties of the concrete core, steel cylinder and wrapping wire,

see Tables IX and X (p. 112 and 113).

*This example is based on sample calculations of a major manufacturer.
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3. LOADING DATA:

a) Depth of Earth Cover - H:

H = 6 ft.

b) Unit Weight of Earth - W :s

W 120 lbs./c.f.
s

c) Pipe Weight - W :
p

W = 325 lbs/L.f. from Table IV Part II
p

d) Water Weight - W (for fullw
pipe):

'ITD
2

1 0
Ww = -4- x 144 x 62.4 pef = 'IT(30./ x 62.4

4x144
306 lbs/1. f .

e) Normal Operating Pressure - P :
w

P = 150 psi
w

f) Minimum Operating Pressure - P :min

p. Pressure due to a 30' head of water = 13.0 psi
mln

(Does not govern when negative pressures are considered)

g) Incremental Surge Pressure - ~Psp

~P 0.40 P = 0.40 (150) = 60 psisp w

(Surge Pressure P
s

P +~p = 150.+60.
w sp

210. psi)

h) Vacuum Pressure - Pneg

P = -10 psi
neg

i) Traffic Load on Pipe -P:

Single wheel load for AASHO H-20 truck load

j) Seismic ~ressure Intensity - Peg

p 16,000 lbs.

P = W /B = 2.2 kips/s.f.eg su c

W = Seismic Force/l.f. to pipe, and B = O.D. of pipe
Su c
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4. ALLOWABLE STRESSES:

a) Initial Gross Wrapping Stress in Wire - f
sg

f 0.75 f = 219~750
sg su

(see Ref. 19, p. ll~ and Table X)

b) Initial Concrete Core Compressive Stress - f :
c

f ~ 3500 psi (see Table IX)
c

c) Final Concrete Core Compressive Stresses - f :
c

(see Ref. 19, p.ll)

f 0.45 f '= 0.45 x 6000 = 2700 psi (steady state condition)
c c

f = 0.60 f ' = 0.60 x 6000 = 3600 psi (transient state condition)
c c

d) Final Concrete Core Tensile Stress - f
t

(see Part III, Subdivision 16)

f t = 7.5 ~. = 7.5 (77.5) = 581 psi (steady state condition)

f
t

= 10.5 ~f~= 10.5 (77.5) 813 psi (transient state condition)

_R. I f_



5. PRESTRESSING STRESSES

a) Initial Concrete Core Compressive Stresses - f . (Ref. 19, p.8)
C1

f .
C1

A f (1-R1-R2";'
s sg \

A +N. (A +A )
C 1 S Y

0.285 x 219750 (1-0.05-0.)
21.768 + 6(0.285+0.732)

2135 psi

f . (for PCEC pipes) = 2250 psi (see Table IX)
C1 max

f . < f . 2135 <2850 (see Table IX)
C1 C1 max

b) Initial Unit Stress in Wire

f = f (1-R1-R2) - N.f .
si sg 1 C1

f .:
Sl

f cr

= 219750 (1-0.05 - 0.) - 6(2135) = 195,954. psi

c) Resultant Concrete Core Stress After Relaxation and Creep Losses (Ref. 19, p.9):

A +N (A +A )
[ C r s Y J

f ci A +N (A +A ) (l+C )
C r s y r

= 2135 [21.77 + 5(0.285+0.732) ]
21. 77 + 5 (0 . 285+0 . 732) (1+1. 5) 1663. psi

d) Concrete Core Compressive Stresses at the Time of Wrapping - f :
C

f ci 2135
f c = 0.55 = 0.55 2882. psi> 3200 (see Table IX, p.112).

e) Resultant Wire Stress - f (Ref. 19, p.9):sr

f sr f .
Sl

N [(l+C) f
r r cr f .)

C1

= 195,954 5[(1+1.5) 1663 - 2135) 185,842. psi
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f) Cylinder Ring Stress - f .: (see Ref. 19, p.9 to p.81)yl
Initial Steel Cylinder Stress: =

f N.f. = 6 x 2135 = 12,810. psi
yi l Cl

g) Resultant Steel Cylinder Ring Stress - f (see Ref. 19, p.9)yr

f = f . + N [(l+C)f - f .yr yl r r cr Cl

= 12,810. + 5[(1+1.5)1663-2135] 22,923 psi < f
Yb

= 41,000 (see Table IX,p.112).
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6. INTERNAL PRESSURE CRITERIA;

a) Balancing Pressure - P (see nomenclature, p. 110)
o

f crP = 6D [A +N (A +A )] (see Ref. 19, p.10)
o y c r s y

1663= 202.5 [21.768 + 5(0.285 + 0.7320] = 220.5 psi (see fig. 20, p.114)

b) Bursting Pressure - Pb(see nomenclature p. 110)

f A +f bAsu s Y y
6D

Y

(see Ref. 19, p.10)

293000 x 0.2850 + 41,000 x 0.7320
= 202.5 560.6 psi (see Fig. 20)

c) Elastic Limit Pressure = P
L

(see nomenclature, p. 110)

1. 70 P 1.7 x 150 = 255 psi (see Fig. 20, p. 114)
w

f_ sg
[A +A (R

1
+R

Z
)] ~ 1. 70 PPL ":"" 6D s Y w

Y

219750
202.5 [0.2850+0.7320 (0.05+0)] 349 > 255 psi

7. EARTH LOADING ON PIPE

a) Trench Width Bd

a.D. of pipe B D + 2 (core thickness) + 2 (Coating thickness)
c

B
c

30" + 2 (1.875") + 2 (~t)

B
c

35.375 in. 2.95 ft.

B + 2 ft.
c

2.95 ft. + 2 ft.
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b) Transition Width: As the width of the ditch increases, other factors

remaining constant, the load on a rigid conduit increases in accordance

with the theory for a ditch conduit until it equals the load determined

by the theory for a projecting conduit. The trench width at which this

load equality develops is called the Transition Width (T.W.)

For k~ = 0.19, r
sd

= 0.50, and w = 120 1bs/c.f.

T.W. = 5'-1" .....American Concrete Pipe Association Design (see Ref. 20,p.114)

where k Rankine's ratio

~ = coefficient of internal friction of the backfill material

r sd = settlement ratio (see Ref.20)

p projection ratio (see Ref.20)

w soil density

Since the ditch width Bd , is less than the transition width T.W., the

earth loading should be designed as a trench loading.

c) Trench Load Coefficient - Cd:

-2k~' H
1-e

B
d,

2k~

where ~'= Coefficient of sliding friction between the backfill

material and trench walls.

k ~' = .110 (for saturated clay)

and H = height of cover over pipe = 6 ft.

1-e-2 (0.110)~)
2(0.110)

1.07
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d) Trench Load -W :
e

3 2
(1.07)(120 Ibs./ft. ) (4.95 ft.)

31461bs./1.f.

8. TRAFFIC LOADING ON PIPE

H-20 Live Load @ 6 ft. Cover

W
LL

C
1

P (l+i) (Ref. 42)

W
LL

= Live Load on Pipe

C
1

Live Load Coefficient

.03 (Ref. 42)

P Single Wheel Load = 16,000 1bs. (see Ref. 20,p.33)

I Impact Factor = 0% for 6 ft. cover assuming a gravel surfaced roadway

W
LL

= (.03) (16,000)(1+0)

4801bs./1.f.

9. SEISMIC LOADING ON PIPE--

Seismic pressure P 2.2 kips/s.f.
eq

W p x B 2.2 X 2.95' 6490 Ibs/L. f.su eq c
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10. SlThlliARY OF INDIVIDUAL LOADS:

1. Pipe Weight = W = 325 1bs/L.f.
p

2. Water Weight = W = 306 Ibs/L.f.
w

3. Earth Cover = W = 3146 1bs/L.f.
e

4. Operating Pressure = P '= 150 psi
w

5. Vacuum Pressure = P = -10 psi
v

6. Incremental Pressure due to surge = 8Psp

7. Traffic Loading = WLL = 480 Ibs/L.f.

8. Seismic Loading = W = 6490 Ibs/L.f.su

-125-
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11. PROPERTIES OF COMPOSITE PIPE:

a) COM POSITE SECTION
WITH CONCRETE PROTECTIVE COATING.

(USE AT CROWN AND INVERT FOR ALL LOADINGS EXCEPT SEISMIC)

1 ~12_·---~

FIG.24

=o
C?

ELEMENTS AREA X ARM = AREA MOMENT

t
CONCRETE 12 t w = 32.25· ; =1.34375 43.336

CYLINDER (nr -1) A y =2.928 t e =1.875 .. 5.49

WIRE (nr -1) As = 1.14 t e = 1.875 2.1375

TRANSFORMED ::::EA =36.318 ::::E M =50.9635AREA

Location of neutral axis:

50.9635
36.318 = 1.40 in.

C
3

= C2 - .875 = 0.4115 in.

Moment of Inertia about neutral axis

I . 4/1 s:J.n •. _,.'

Section Modulus of the Cross section about neutral axis

s = ~ = 14.42 in.
3
/1.f. inside of pipe

1

S =~ = 49.11 in. 3/1.f. at face of core
C3

15.71 in. 3/1.f. at extreme fiber20.21 in.
4
/1.f.

1.2865 in.
I

S = - =
C

2
Total Area

A = LA = 36.318 in. 2/1.f.
t

1
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=o
C')

COMPOSITE SECTION
.WITH CRACKED PROTECTIVE COATING

EXCEPT SEISMIC)(USE AT SPRINGLINE FOR ALL LOADINGSr-----------------l
I ItL I •. ::~i:i,,; '~l!i ~:, ..~.:.' ,:;1,i::.~..:.::,~.~:...:.;.·..:~l....:.p.·~..:.....~...:.::.:::ICC1

2 N:~~~a!
:. ~!~'(-:.';'.. ~. :...:\~.;..:.,.. .' ~ . v

-~r-

L_-----!1~2.. .1

b)

FIG.25

ELEMENTS AREA x ARM = AREA MOMENT

CONCRETE 12 te = 22.50 t e /2 = .9375 21.094

CYLINDER (nr -1)Ay=2.928 t e =1.875 * 5.49

WIRE nrA s = 1.425 t e =1.875 2.672

TRANSFORMED
AREA ~ A = 26.853 ~M=29.256

*Using the outside diameter of the cylinder gives results which are
accurate and have been verified experimentally (Ref. 43, p. 54)

Location of neutral axis

Cl
= LM = 29.256 = 1 09 .

LA 26.853 . 1n.

C2 = t c - C1 = .785 in.

Moment of Inertia about neutral axis

+ (n -1) (A C
2

2)+ (n A C
2

2) = 9.798 in.
4
/l.£.

r y r· s

Section Modulus of Cross section about neutral axis

S
I 12.481 in. 3/l. L face of= -= at core
C2

S
I 9.798 in. 4/l.f.

= 8.99 in.
3 /1. f. inside of pipe= -=:

l.09C
l

in.

Total Area

A = 26.853
t 2
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12. WORKING STRESS DESIGN METHOD:

a)Loading Conditions

L.C. ~\ Earth Load + Pipe Load + Vacuum Pressure1'-2:J -
r-"'"

L.C. ,~- Earth Load + Pipe Load + Water Load + Design Pressure

L.C. 0)- L.C. 2 + Incremental Pressure Due to Surge

L.C. /4" - L.C. 2 + Traffic Loading\~

L.C. (5': - L.C. 2 + Traffic Loading + Seismic Loading
'-...:J

,,-',

L.C. (~ - L.C. 1 + Traffic Loading

L.C. 0J 1 + Traffic Loading + Seismic Loading\ 7 - L.C.

L.C. denotes Loading Condition

b) RING MODELS AND MEAN RADII
BEDDING ANGLE - 900

+ =

PIPE RING MODEL FOR EARTH AND TRAFFIC LOADINGS
Fig. 26 A

Seismic ...
Force '"

(Due to passive
soil resistance)

Be = 2.95'

PIPE RING MODEL FOR SEISMIC FORCE

Fig. 26 B

MEAN PADIUS OF PIPE = R

At Invert & Crown R = (D+t )/24 (ft.)
w

At Springline R = (D+t )/24 (ft.)
c



'12c)

GENERAL FORMULAS FOR THRUST AND MOMENT

LOADING COMPONENTS THRUST MOMENT
(Ibs.'ft.) Ut.-Ibs./ft. )

PIPE WEIGHT Fp • C2 Wp Mp = C4 Wp R

WATER WEIGHT Fw• C5 Ww Mw = Ce Ww R

EARTH COVER Fe· C1 We Me = C2 We R

INTERNAL PRESSURE- Fha Cg P -HOOP FORCE

SEISMIC LOADING Fsu • C7 Wsu M su • Ca Wsu R

TABLE XI

12d)

FORCE AND MOMENT COEFFICIENTS

CROWN SPRINGLINE INVERT
LOADING IMOMENTSTHRUST THRUST MOMENTS THRUST MOMENTS

PIPE C1 = 0.OS3 C3- 0.067 C1- 0.2S IC3= 0.071 C1= 0.OS3 C3= 0.102WEIGHT
WATER

C2= 0.212 C4- 0.067 C2 - 0.06a C4= 0.077 C2= 0.40a C4- 0.102WEIGHT
EARTH COVER

Cs c: 0.027 Ce= 0.137 CS- O.SOO CS= 0.140 CS= 0.027 CS- 0.157AND TRAFFIC
.. INTERNAL eg- 202.5 - eg';' 202..5 .- Cg= 202.5 -PRESSURE

SEISMIC C7= 0.500 Ca- 0.12S C7- 0.0 Ca- 0.125 C7• 0.500 CS- 0.125

TABLE :xII

• Internal pressure may be a working pressure, incremental pressure due to surge,
or a vacuum pressure (negative).

12e) SIGN CONVENTION:

~R

~-F(+») M(...)

N.A.

T

L.S. CROWN

,-. M(+)

)M(+) ~C
T~inSide

N1A. face
I

L.S. SPRINGLINE L.S. INVERT

) M(+)

SIGN CONVENTION FOR FORCES AND STRESSES
L. S. - Denotes left side.
(+) - Denotes compression.
(-) - Denotes tension.



l2d) Force and Moment Coefficients:

Two kinds of force coefficients are generally used by industry in determining

the thrusts and moments for points on the pipe. The first of these are coefficients

for large horizontal pipes developed by J.M. Paris in 1921 (see Ref. 45, p.76S).

The second are coefficients arrived at by H.C. Olander in 195 (see Ref. IS,

p.lO and Ref. 19, p.15). For a discussion of methodologies in determining these

coefficients, and an explanation of the differences in the values of thrust and

moment obtained from each, see Section IV 3C.

In Table XII following, C
l

to Cs are the force coefficients for circular

pipes by Paris, and C
9

is the force coefficient for the hoop force in the

ring = l2D /2 6D.
y y
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12f)

12g)

THRUSTS AND MOMENTS DUE TO LOADING COMPONENTS

CROWl. SPRINGLINE INVERT
LOADING COMPONENTS

THRUST MOMENT THRUST MOMENT THRUST MOMENT
(Ibs./ft. ) (It.-lbs./lt.) (lbs./fl.) (ft.-Ibs./lt,) (Ibs./Il.) ( ft.-Ibs./ft.)

A PIPE WEIGHT -17.23 29.65 81.25 34.08 17.23 45.15

B WATER WEIGH':" -64.87 27.92 - 20.81 32.Q9 -124.85 42.51

C EARTH COVER -84.94 586.16 1573.0 599.0 84.94 671.73

D INTERNAL PRESSURE- -30375. -- -30375. --- -30375. ---HOOP FORCE

E VACUUM PRESSURE 2025. -- 2025. --- 2025. --_.
F INCREMENTAL PRESSURE -12150. --- -12150. --- -12/50. ---DUE TO SURGE

G TRAFFIC LOADING -12.96 89.44 240.0 91.39 12.96 102.49

H SEISMIC LOADING 3245. -1103.3 O. -1103.3 3245.0 -1103.3

TABLE .xm:

STRESSES DUE TO LOADING COMPONENTS -Afert (psI)

CROWN SPRINGlINE INVERT

LOADING COMPONENTS
THRUST-

MOMENT- MIs
THRUST-

MOMENT-Mis MOMENT-Mis
THRUST-

F/A I.F. O.F. F/A I.F; O.F. F/A I.F. O.F.

A PIPE WEIGHT -1 -25 7 3 45 -33 1 -38 11

8 WATER WEIGHT -2 -23 7 -1 43 -31 -3 -35 10

C EARTH COVER -2 -488 143 59 800 -578 2 -559 164

D INTERNAL PRESSURE- -836 -- -- -1131 -838 -- -HOOP STRESS -- -
E VACUUM PRESSURE 58 -- -- 75 -- -- 58 -- -
F INCREMENTAL PRESSURE -335 .- -- -453 -- -- -335 -- -DUE TO SURGE

G TRAFFIC LOADING - -75 22 9 122 -88 -- -85 25

H SEISMIC LOADING • 121 918 -270 -- -1473 1061 121 918 -270

TABLE .xnr
.!':!2!!!l

• For seismic: loading the invert Is c:onsldered c:rac:ked. and the springllna
uncrac:ked.

SIGN CONVENTION,
Minus sign (-) denotes tension.
No sign (positive value) denotes compression.

I. F. - Inner face of pipe •
... F. - Outer faee of pipe.
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l2h) Summations for Critical Stresses from Loading- Conditions

For each of the loading conditions outlined in the flowchart for the

final design of water pipe line, (Fig. 19), there is a resultant internal core

stress change due to the internal and external loads. Therefore, for any

loading condition the resultant core stress change ~f due to the corresponding
cr

loading components equals the summation of the ~f due to each loading
cr

component.

The resultant core stress changes ~f combined with the precompression
cr

core stress f (due to prestressing) gives the net core resultant stress,
cr

f = for each loading condition. The f 's must be compared with the allowable
ncr ncr

working stresses defined by the stress analysis design method of AWWA Standard

C301, (see Part III subdivision 16).

In order to obtain a summation for the bf IS, add all the values for the
cr

loading components and combination of loading conditions frQm left to right

in any row of Tables XV to XXI. The values for the f 's are shown in the
cr

second column from the extreme right of the table. The final right-hand column

shows the final net core stresses - f 's for points on the pipe for a given
crn

loading condition, when the precompression core stress f due to prestressing
cr

is added to these summations.
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12h)
SUMMATION OF STRESSES - LOADING CONDITION 1

A- PIPE WEIGHT C ~ EARTH COVER E - VACUUM

S~ STRESSES STRESSES PRESSURE
tncr •LOCATION ( psi) (psi) STRESSES (psi)

Ater
tCr+6fcr

POSITION FACE THRUST MOMENT THRUST MOMENT THRUST MOMENT (PSi)
(PSi)

I. F. -1 -25 ,..2 -488 56 - -460 1203

CROWN
O.F. -1 7 -2 143 56 - 20~ 1866

I.F. 3 45 59 800 75 - 982 2645
SPRINGLINE

O.F. 3 -33 59 -578 75 - -507 . 1156

I.F. 1 -38 2 -559 58 - -538 1125
INVERT

a.F. 1 11 2 184 56 - 234 1897

TABLE :D:

SUMMATION OF STRESSES - LOADING CONDITION 2

A- PIPE WEIGHT 8- WATER WEIGHT e- EARTH COVER 0- INTERNAL

~~ STRESSES STRESSES STRESSES PRESSURE-HOOP tncr•LOCATION (psi) (psi) (psil STRESSES (psi)
Afer

POSITION FACE THRUST MOMENT THRUST MOMENT THRUST MOMENT THRUST MOMENT (pSi) ter+Afcr
(psiJ

I.F. -1 -25 -2 -Z3 -Z -488 -836 -- -1377 286
CROWN

O.F. -1 7 -2 7 -2 143 -838 -- -884 979

I.F. 3 45 -1 43 59 800 -1131 -- -18Z 1481
SPRINGLINE

a.F. 3 -33 -1 -31 59 -518 -1131 -- -1710 -47

I.F. 1 -38 -3 -35 2 -559 -838 -- -1468 195
INVERT

O.F. 1 11 -3 10 2 164 -836 -- -651 1012

TABLE :xm:

SUMMATION OF STRESSES - LOADING CONDITION 3

L. c.@ STRESSES
O-INCREMENTAL

&~ HOOT~ ~fIRESS 'ncr.LOCATION (pai) DUE O. URGE
A fcrPSI

tCHAter
POSITION FACE THRUST+ MOMENT THRUST MOMENT (p81J (psi)

I. F. -1377 -335 - -1712 - 49
CROWN

a.F. - 684 -335 - -1019 644

I.F. - 182 -453 -- - 635 1028
SPRINGLINE

O.F. -1710 -453 -- -2163 - 500

I. F. -1468 -335 - -1803 - 140
INVERT

O.F. - 651 -335 - - 988 677

TABLE :un
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12h) SUMMATION OF STRESSES - LOADING CONDITION 4

~
L.C.® G- TRAFFIC

LOCATION STRESSES Cpsl) STRESSES (psi) fncr •
Afer

fCr+6.fcr
POSITION FACE THRUST+MOMENT THRUST MOMENT IPsi) (psi)

I. F. ~ 1377 0 .-75 -1452 211

CROWN
O.F. - 884 0 22 - 662 1001

I.F. - 18:1 9 122 - 51 1812
SPRINGLINE

O.F. -1710 9 -88 -1789 -126

I.F. -1468 0 -85 -1553 110
~NVERT

O.F. - 651 0 25 - 626 1037

TABLE ~

SUMMATION OF STRESSES - LOADING CONDITION 5

~~ LC.~ G-TRAFFIC H-SEISMIC

LOCATION STRESS S(ps\) STRESSES (psil STRESSES (ps;) fner •
A fer

fCr+Afcr
POSITION FACE THRUST+MOMENT THRUST MOMENT THRUST MOMENT (psll (psil

I. F. -1377 0 -75 121 918 -413 1250
CROWN

O.F. -884 0 22 121 -270 -811 852

I.F. - 182 II 122 0 -1473 -1524 139
SPRINGLINE

O.F. -1710 9 -88 0 1061 -728 935

I.f. -1466 0 -85 121 1118 -514 1149
INVERT

O.F. -851 0 25 121 -270 -775 888

TABLE :xIX

SUMMATION OF STRESSES - LOADING CONDITION 6

~
L.C·eD G- TRAFFIC

LOCATION
STRESSES (psi) STRESSES (psi) fner •

A fcr fCr+Afcr
POSITION FAce THRUST+MOMENT THRUST MOMENT (psi) (psi)

I. F. -480 0 ·-75 - 535 1128
CROWN

O.f. 203 0 22 225 1888

I.F. 982 9 122 1113 2778
SPRINGLINE

O.F. -507 9 -88 -588 1077

I.F. -538 0 -85 -823 1040
INVERT

O.F. 234 0 25 259 1922

TABLE :xx:
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12h)
SUMMATION OF STRESSES - LOADING CONDITION 7

~~
L.C.G) G -TRAFFIC H - SEISMIC

LOCATION STRESSES (pall STRESSES (pall STRESSES (psi) 'ncr.
t:.. fer

'cr+ 6 'er
POSITION FACE THRUST .. MOMENT THRUST MOMENT THRUST MOMENT (pail (psil

I. F. -460 ·0 -75 121 918 50" 2167

CROWN
O.F. 203 0 22 121 - 270 76 1739

I.F. 982 9 122 0 -1472 - 359 1304

SPRINGLINE
O.F. -507 9 -88 0 1061 475 2138

I.F. -538 0 -85 121 918 416 2079

INVERT
a.F. 234 0 25 121 - 270 110 1773

TABLE :xxI.

CRITICAL CONDITIONS:

Loading Condition (1) - Springline I.F.

2645 psi <2700 psi o.k. (see p.119 )

Loading Condition (6) - I.F. at Springline

2776 psi <3600 psi (see P.119)

Loading Condition(3) - Springline a.F.
500 psi <813 psi o.k. (see p.119 )
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12i) Maximum Operating Pressure and Earth Cover:

Based on the preceding critical conditions the following limits on the

internal pressure and the earth cover are obtained:

For maximum tension (at O.F. springline)

F + F + F
pipe water earth

IM = M + M + M
pipe water earth

81-21+1573 = 1633 1bs/ft.

34+32+599 = 665 ft-lbs/ft.

P rf +K f' + l!- _ IM1At
max l cr c At S j 12Ry

(see Part III Subdivision 16)

r ,-- 1633 _ 665x12l, 26.85
\1663 +10.5V6000 + 26.65L 12.48j 202.5

252 psi

1.4 P
w

210 psi, P
wmax = 246/

1
4 = 176 psi> P

. allowable w

For maximum compression (at I.F. spring1ine)

F. +F +F
plpe vac. earth

81 + 2025 + 1573 = 3679 Ibs/ft.

IM M. + M + M hplpe vac. eart 34 + 0 + 599 633 ft-1bs/ft.

W
dmax

A Skf'c + S(12R ) P - [A Sf +S(IF-F h) + A (HI-M h)]
t Y w t cr eart t eart

C
6

R A + C S
m t s

(See Ref. 19, p.l0)

26.85 x 8.99 x 0.45 x 6000 + 8.99 x 202.5 x 10 - [26.85 x 8.99 .x 1663 +
0.140 x 15.94 x 26.85 +

7.3 ft.

3704 Ibs/L · fIn. t.

3704 2 = 1.26
120x4.95

In(1-1.26x2xO.11)x4.95
-2xO.1l-2K '

~

+8.99 x 2106 + 26.85 x(34.12)]
+0.500 x 8.99

W
dma,~x,---~_

Ye x B 2
d

x B
dH

max
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13. CRACK CONTROL CALCULATIONS

a) Class "B" Bedding p Load Factor 1.9

Class "n" Bedding Load Factor 1.1

b) Allowable three-edge-bearing-load at P
w

f = 1663 psi
cr

Maximum three-edge bearing load for 0.001 crack at P=O

= W
.001

7400 lbs/ l . f (see Fig. 28)l.n. oot

Wo = 0.9 x W .001 = 0.9 x 7400

P = 220 psi (see p.7l)
o

= 6660 lbs/1 , ftIn. .

0.8 P 0.8 x 220 176 psi (see Part III Subdivision 15)
0

P 150 < 176
w

p P + l1P =210 < 1.4p
s w sp 0

From Cubic Parabola Interaction Curve (see Fig. 29)

For P = 150, W = 0.684 x 6660 = 4555 Ibs/ l , ft
w w In. .

c) Equivalent three-edge-bearing load

For Class "B" Bedding: W/L
f

= 3146/1.9 1656 lbs/l.f. <4555 lbs/l.f.
(allowable, see fig. 29)

For Class "n" Bedding:W/L
f 3146/1.1 = 2860 Ibs/l.f. <4555 lbs/l.f.

(allowable, see fig. 29)
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PART Dr 5

THREE- EDGE BEARING LOAD vs. RESULTANT CONC. CORE STRESS

PRESTRESSED CONCRETE CYLINDER PIPES- STANDARD CORES
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EXAMPLE B

TYPTCAL DESIGN OF A 60 IN. DIAMETER PRESTRESSED CONCRETE EMBEDDED CYLINDER PIPE (PCEC)*

PIPE INPUT DATA:

Inner Diameter D

Core thickness t
c

Coating thickness

Outer cylinder diameter D
y

60 in.

4-1/2 in.

= 7/8 in.

= 5.375 in.

0.0598 in.

0.7176 in
2
/1.f.

63.0 in.

378.0 in.

70.75 in.

No. 8

IV

0.162 in.

0.5586 in
2/1. f.

= 53.282

t wc
Total pipe thickness t

w
Steel cylinder thickness t

Y
Cylinder area/l.f. of curcumference A

y

6 D
Y

Outer diameter of pipe O.D.

Wrapping wire gauge

Wire type (see Table X)

Wire diameter

Area of wire/l.f. of circumference A
s

Area of core/l.f. of circumference A
c

Design Data:

For properties of the concrete core, steel cylinder and wrapping wire, see

Tables IX and X (p.112 and 113 ).

*This example is based on a computer run for a 60 llPCEC pipe by a major manufacturer.
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LOADING DATA:

Depth of Earth Cover - H:

H ::: 8 ft.

Unit Weight of Earth - W :
s

W ::: 120 Ibs/c.f.
s

Pipe Weight - Wp :

U ::: 1200 lbs/I. f. from Table V Part II
"p

Water Weight - W (for full
w

TID
2

1. 0
Ww ::: --4- x 144 x 62.4 pcf

pipe):

211"(60.) x62.4
4x144 1225 Ibs/1. f.

Normal Operating Pressure - P
w

p = 150 psiw

Minimum Operating Pressure - P :
min

P .
mln

Pressure due to a 30' head of water::: 13.0 psi
(Does not govern when negative pressures are considered)

Incremental Surge Pressure - 6P ::: 0.40 P ::: 0.40 (ISO) ::: 60 psisp w
(surge pressure::: P ::: P +~P 150.+60.::: 210. psi)

s w sp

Vacuum Pressure - P
neg

P -10 psineg

Traffic load on pipe -P:

Single wheel load for AASHO H-20 truck load

Seismic Pressure Intensity - P
eg

P 16000 Ibs.

P W /B ::: 2.2 kips/s.f.eg su c

W ::: seismic force/l.f. to pipe, and B ::: O.D. of pipe
su c
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ALLOWABLE STRESSES:

1. Initial gross wrapping stress in wire - f
sg

f = 0.75 f = 219,750 (see ref. 19, p. 11, and Table X)
sg su

2. Initial concrete core compressive stress - f :
c

f. . > 3200 psi (see Table IX)
C1 m1n. -

3. Final concrete core compressive stresses - f :
c

(see ref. 19, p.ll)

f 0.45 f = 0.45 x 5000 = 2250 psi (steady state condition)
c c

f = 0.60 f ' = 0.60 x 5000 = 3000 psi (transient state condition)
c c

4. Final concrete core tensile stress - f .
t'

(see Part III, subdivision 16)

f ' = 7.5 (70.7) = 530 psi (steady state condition)
c

f ' = 10.5 (70.7) = 743 psi (transient state condition)
c

5. Prestressing stresses

a) Initial concrete core compressive stress - f . (ref. 19, p.8)
Cl.

A f (1-R -R )s sg . 1 2
f ci = -A-+n---'.....(:-A-+A---:)--

C 1 S Y

0.5586x219750(1-0.05-0.05) = 1775.7 .
53.28 + 7(0.5586+0.7176) PS1

f . (for PCEC pipes) = 2250 spi (see Table IX)
C~ max

f . < f 7 6
Cl. ci max 1 7 < 2250 (see Table IX)

b) Initial unit stress in wire - f .:
S1

f. f (1-R1-RZ) - N.f .
81 sg 1 C1

= 219750 (1-0.05-0.05) - 7(1775.7) = 185,345 psi
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d) Concrete core compressive stresses at the time of wrapping: (see Table IX)

f ci 1776
f = ----- = ----- = 3229 psi> 3200 (see Table IX, p. 112)c 0.55 0.55

e) Resultant wire stress - f (Ref. 19, p.9)sr

f f. -N [(l+C ) f - f .l =sr Sl r r cr Cl

= 185345 6[(1+2.0) 1419.1 - 1775.7] :: 170,455 psi

f) Cylinder ring stress - f .. (see Ref. 19, p.9)yl

Initial steel cylinder stress =

f = N.f = 7xl775.7 = 12430 psi
yi 1 ci

g) Resultant steel cylinder ring stress -f (see Ref. 19, p.9)yr

f f .+N [(l+C)f -f . ::yr yl r r cr Cl

12430 + 6[(1+2.0) ~491.9-l775.7l

(see Table IX, p. 112)
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6. INTERNAL PRESSURE CRITERIA

a) Pressure at which stress in concrete and cylinder is zero (prestressing is

counteracted by inside pressure) at no external load:

[A +N (A +A )]
c r s y

(see Ref. 19,p.10)

- 1427 [52.85 + 6(0.5586+0.7176)]- 6x63 228 psi (see Fig. 20)

(see Ref. 19,p.10)P =b

b) Bursting pressure - P
b

(see nomenclature, p.1l0)

f A +f A
su s yb Y

6D
y

293000xO.5586+45000xO.7l76
6x63

= 518 psi (see fig. 20)

c) Elastic limit pressure -P (see nomenclature, p.llO)
L

1.70 P = 1.70x150 = 255 psi
w

f
P

L
= 6~g [As+A

y
(Rl +R2)] ~ 1.70 Pw

y

2~~~;0 [0.5586+0.7176 (0.05+0.05)] ~ 366 psi> 255 psi
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7. EARTH LOADING ON PIPE:

a) Trench width - B
d

:

O.D. of pipe == B =: 70.75" (see pipe data, P.140)
c

width of trench =: B == B +24" =: 70.75+24 =: 94.75 in. or 7.9 ft.
d c.

b) Transition width - T.W.:

As the width of the ditch increases, other factors remaining constant,

the load on a rigid conduit increases in accordance with the theory

for a ditch conduit until it equals the load determined by the theory for

a projecting conduit. The trench width at which this load equality

develops is called the Transition Width (T.W.)

T.W. = 8'-7" (see Ref. 20, p.127)

for k
u

0.19, r
sd

P =: 0.50, W = 120 lbs/c.f. and H =: 8 ft.

where k =: Rankine's ratio

M coefficient of internal friction of the backfill material

r
sd

=: settlement ratio (see Ref. 20)

P = projection ratio (see Ref. 20)

W = soil density

Since the ditch width B
d

, is less than the transition width T.W., the earth

loading should be designed as a trench loading.
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7c) Trench load coefficient - Cd:

I
-2k 'H/B

d-e \l
Cd = 2K'

\l

where k = Rankine's ratio of lateral pressure

to vertical pressure = l-sinep
l+sin¢

We

and \l = coefficient of sliding friction backfill material and the trench walls

and H = height of cover over pipe = 8 ft.

= 0.110 (for saturated clay)

1 -2xO.llx8/7.9
-e
2xO.ll = 0.908

W = y = 120 lbs/cubic foot
s e

d) Trench Load - W :
e

2
We = CdWBd by Mars ton's Trench Load theory (see Ref. 20', p. 25)

0.908x120x7.9 2 = 6800 lbs./l.f.

By the United States Bureau of Reclamation (BuRec)

W = 2R H W (does not govern in this example)
s m e

R = mean radius of pipe (in ft.)
m

W = unit weight of earth cover (lbs/c.f.) which takes into account the
s overburden effect

H
< 150 max. (Ref. 19,p.19)W = 100+20 ODs

O.D. = outside diameter of pipe

W = 2x2.724x8.0x(100+20 ~:~) = 5540* lbs/l.f.e

*The BuRec formula may give values of W larger than Marston's depending on earth
e

cover.
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8. Traffic Loading on Pipe W :
u

PF
WLL = Gs ~ lbs/l.f.

P = Single wheel load for AASHO H-20 truck load = 16,000 lbs.

F Impact factor = 1.5 for paved highway (see Ref. 35, p.207)

C coefficient, function of,
s

B /2H and L/2H
c

L 16.0
2H = 2x8 1.0

C = 0.320 (from Ref. 35, p.206)
s

(Effective distribution length of concentrated load)

L = 2xHxtg 45° = 2x8xl.00 = 16.00 ft.

The effective length of pipe is the length over which the average load due to

traffic produces a stress which is the same as that caused by the actual

variable intensity load. Little research information is available to

accurately determine such an equivalent length and hence, a 45° distribution

has been assumed here. (see Ref. 35, p. 207)
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9. Seismic Loading - W :su

W ~ P xB = 2200x5.9 ~ 13000 lbs/l.f.
su eq c

10. Summary of Individual Loads:

1. Pipe weight W = 1200 lbs/Lin. ft.
p

2. Water Weight W = 1225w "

"3. Earth cover W
d

6800

4. Operating pressure P - 150 psi
, w

5. Internal Vacuum Pres. P ~ -10 psi
vac

6. Incremental pressure due to durge = ~P
sp

60 psi

7. Traffic loading W
LL

= 480 lbs/lin.ft.

8. Seismic loading W . . ~ 13,000 lbs/1in.ft.
selsmlC
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a)

11~ PROPERTIES OF COMPOSITE PIPE:

COM POSITE SECTION
.WITH CONCRETE PROTECTIVE COATING

(USE AT CROWN AND INVERT FOR ALL LOADINGS EXCEPT SEISMIC)

_ FIG. 30

•CI)
ell
It)

0
0

b
~

•.: ..
8
i

TRANSF. AREA: At= bdnrqn2) Y (in) At J( Y(in3) (I Y\i)} y2(in2) At y2(in4 )C-y
1 ('2" 1.4402),. 1 = 17.2824 0.7201 12.4451 1.9803 3.9216 67.7745

2 (121(0.0598)-6 = 4.3056 1.4701 6.3297 1.2303 1.5136 6.5171

3 (12" 3;0)" 1 = 36.0000 3.0000 108.0000 0.3374 O. t 138 4.0982

4 0.5586,,(6-1) - 2.7901 4.5810 12.7814 1.9184 3.6803 10.2683

5 (12)<0.875),, 1 • 10.5000 4.9375 51.8438 2.2749 5.1752 54.3393

~ At "" 70.8781 ::i: At"y = 191.400 ::i: At"y2 = 142.9974

the centroid is,C
L:AtxY

191. 4 2 7004 . 5.375- C = 2.6746 in.
L:At

= 70.88 =. In.,
34

12x1.44023 6x12xO.5983 12x3.0 + TIxO.162 12
I + + (6-1)x 0.443 =

0 12 12 12 64

2.9872 + 0.0013 + 27.0000 + 0.0046 29.9931 in
4

I = I + EA xY = 29.9931 + 142.9974 173.0 in
4

o t

Section Modulus, S :

Inside of pipe, S

At face of core, S

At extreme fiber, S

Total Area

173.0
2.70

173.0
2.68

173.0
1.80

364.1 in

64.8 in3

96.1 in3
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b)
COMPOSITE SECTION

WITH CRACKED PROTECTIVE COATING
(USE AT SPRINGLINE FOR ALL LOADINGS EXCEPT SEISMIC I

"c..r----------------l ~

_ I. a .... A ... ... ...... 0

FIG.31

TRANSF. AREA: At= bdndinz Y (in) At" YCin3) (C~y)(inll y2 (jn~ At y2 (in4 )

1 (12 .. ,.4402) .. , .. 17.2824 0.7201 I 12.4451 1.6122 I 2.5992 44.9202
I

2 (12 .. 0.0598)"6.- 4.3056 1.4701 I 6.3297 0.8622 ! 0.7434
I

3.2007

3 (12"3.0)"'" 36.0000 3.0000 108.0000 0.6989 0.4884 17.5831

4 0.5586" 6 .. 3.3516 4.5810 I 15.3537 2.2799 5.1979 17.4214
I

:IE At ... 60.9396 :IE ApY '" 142.1285 ~ At"y2 83.1254

the centroid is, C = 2.1677 in.

= 29.9940 in412
6 x 0.443

12x3.03

+ 12

= 2.3323 in., 4.5- C

4
+ TIxO.162 x

64

r.AtxY _ 142.1
= LA - 60.9

t 3
+ 6x12xO.0598

12

312x1.4402
12I

a

113.1 48.5 in
3

=2.33

113.1 52.1 in
3

=
2.17

I = I + r.A xy2 = 29.9940 + 83.1255
a t

Section Modulus, S :

At face of core, S

Inside of pipe, S

113.1195 . 4
In

Total Area

A = 60.940 in.
2
/1.f.

t 2
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12. WORKING STRESS DESIGN METHOD:

a)Loading Conditions

L.C. ~ - Earth Load + Pipe Load + Vacuum Pressure

L.C. ~ - Earth Load + Pipe Load + Water Load + Design Pressure

L.C. ~ - L.C. 2 + Incremental Pressure Due to Surge

L.C. ~ - L.C. 2 + Traffic Loading

L.C. ~ - L.C. 2 + Traffic Loading + Seismic Loading

L.C. ~ - L.C. 1 + Traffic Loading

L.C. Ci) - L.C. 1 + Traffic Loading + Seismic Loading

L.C. denotes Loading Condition

b) RING MODELS AND _MEAN RADII
BEDDING ANGLE - 900

+ =

PIPE RING MODEL FOR EARTH AND TRAFFIC LOADINGS
Fig. 32 A

Peq =Wsu/Bc

Seismic ....
Force ".

(Due to passive
soil resistance)

PIPE RING MODEL FOR SEISMIC FORCE

Fig. 32 B

MEAN PJillIUS OF PIPE = R

At Invert & Crown R = (D+t )/24 (ft.)
w 1~/-

At Springline R = (D+t )/24 (ft.)
c



12 c)

12 d)

12 e)

GENERAL FORMULAS FOR THRUST AND MOMENT.

LOADING COMPONENTS THRUST MOMENT
( Ibs./ft,) (ft.-Ibs./ft.)

PIPE WEIGHT Fp • C2 Wp Mp = C4 Wp R

WATER WEIGHT F - Cs Ww Mw = Cs Ww Rw

EARTH COVER Fe· C, We Me = C2 We R

INTERNAL PRESSURE-
Fh - Cg P -HOOP FORCE

SEISMIC LOADING Fsu = C7 Wsu M su • C8 Wsu R

TABLE XXII

FORCE AND MOMENT COEFFICIENTS

SPRINGLINE INVERT
LOADING

THRUST MOMENTS THRUST MOMENTS

PIPE WEIGHT C, = 0.25 C3 =0.077 C, = 0.053 C3. 0.102

WATER WEIGHT C2= 0.068 C4 -0.077 C2= 0.408 C4 =0.102

EARTH COVER Cs- 0.500 Cs =0.140 Cs = 0.027 Cs = 0.157

INTERNAL PRESSURE • Cg= 378. -- Cg= 378. --!

SEISMIC C7- O. C8 = 0.125 C7= 0.500 C8 a 0.125

• Internal pressure may be a working pressure, incremental pressure due to surge,
or a vacuum pressure (negative).

TABLE n:m
SIGN CONVENTION;

M(+)

L.S. CROWN

,-. M(+)

}M(+) ~c
T~inSide

NlA. face
I

L.S. SPRINGLINE

C

L.S. INVERT

) M(+)

SIGN CONVENTION FOR FORCES AND STRESSES
L. S. - Denotes left side.
(+) - Denotes compression.
(-) - Denotes tension.
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l2d) Force and Moment Coefficients:

Two kinds of force coefficients are generally used by industry in determining

the thrusts and moments for points on the pipe. The first of these are coefficients

for large horizontal pipes developed by J.M. Paris in 1921 (see Ref. 45 t p.76S).

The second are coefficients arrived at by H.C. Olander in 19S (see Ref. 1S t

p.lO and Ref. 19 t p.lS). For a discussion of methodologies in determining these

coefficients t and an explanation of the differences in the values of thrust and

moment obtained from each t see Section IV 3C.

In Table XII following t C
1

to Cs are the force coefficients for circular

pipes by Paris t and C
9

is the force coefficient for the hoop force in the

ring = l2D /2 6D.
Y Y
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12f)

12g)

THRUSTS AND MOMENTS DUE TO LOADING COMPONENTS

INVERT SPRING LINE
LOADING COMPONENTS

(bedding angle 90°) THRUST MOMENT THRUST MOMENT
(Ib.f ft.) (ft.-lbs./ftJ (Ib./ ft.) (fL-lbs./ft.)

A PIPE WEIGHT 64 333.42 300 248.33

B WATER WEIGHT -SOO 340.42 - 83 252.50

C EARTH COVER 184 2908.33 3400 2558.50

D INTERNAL PRESSURE- -56700 -56700
HOOP FORCE -- --

E VACUUM PRESSURE 3780 -- 3780 --
F INCREMENTAL PRESSURE -22680 -- -22680 --DUE TO SURGE

G TRAFFIC LOADING 13 205.33 240 180.58

H SEISMIC LOADING '1/.' 6500 4367.17 -- 4426.75

STRESSES DUE TO LOADING COM PONENTS -I::.. ferl (psi)

INVERT SPRINGlINE

LOADING COMPONENTS THRUST- MOMENT- M/S THRUST- MOMENT- MIs

F/ A Fj A

J. F. O. F. l. F. O.F.

A PIPE WEIGHT I - 61 42 5 61 - 58

B WATER WEIGHT -7 - 63 43 -1 62 - 59

C EARTH COVER 3 -536 370 54 627 -598

D INTERNAL PRESSURE- -777 - - -899 - -HOOP STRESS

E VACUUM PRESSURE 52 - - 60 - -
- ._~_ ... __ .

F
INCREMENTAL PRESSURE -311 - - -359DUE TO SURGE - -

G TRAFFIC LOADING - -38 26 4 44 - 42
--

H SEISMIC LOADING "* 103 1070 -1022 - -816 563

~

• For seismic loading the invert is considered cracked, and the spring line
uncracked.

SIGN CONVENTION:

Minus sign (-) denotes tension.
No sign (positive va lue) denotes compression.

I. F. - Inner face of pipe.
O.F.- Outer face of pipe.
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row of Tables XXVI to XXXII.

l2h) Summations for Critical Stresses from Loading Conditions

For each of the loading conditions outlined in the flowchart for the

final design of water pipe line, (Fig. 19), there is a resultant internal core

stress change due to the internal and external loads. Therefore, for any

loading condition the resultant core stress change ~f due to the corresponding
cr

loading components equals the summation of the ~f due to each loading
cr

component.

The resultant core stress changes ~f combined with the precompression
cr

core stress f (due to prestressing) gives the net core resultant stress,
cr

f = for each loading condition. The f 's must be compared with the allowablencr ncr

working stresses defined by the stress analysis design method of AWWA Standard

C30l, (see Part III subdivision 16).

In order to obtain a summation for the 6f 's, add all the values for thecr

loading components and combination of loading conditions from left to right in any

The values for the f 's are shown in the
cr

second column from the extreme right of the table. The final right-hand column

shows the final net core stresses - f 's for points on the pipe for a givenern

loading condition, when the precompression core stress f due to prestressing
cr

is added to these summations.
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12h)
SUMMATION OF STRESSES - LOADING CONDITION 1

~~
A-PIPE WEIGHT C - EARTH COVER E-VACUM PRESSURE

LOCATION STRESSES (psi) STRESSES (psi) STRESSES (psi) fner ..
Afer tcr+A fer

POSITION FACE THRUST MOMENT THRUST MOMENT THRUST MOMENT (psi) (psil

.
I.F. 5 61 56 633 62 - 817 2236

SPRINGLINE

O.F. 5 - 57 56 -589 62 - -523 800

I. F. 1 -62 3 -544 53 - -549 870
INVERT

O.F. 1 42 3 363 53 - 462 1881

TABLE; :::x:x::'ilI

SUMMATION OF STRESSES - LOADING CONDITION 2

A~ PIPE WEIGHT B- WATER WEIGHT c- EARTH COVER O-INTERNAL

~~ STRESSES STRESSES STRESSES PRESSURE-HO(lP tner •
LOCATION ( psi) I psi) (psi) STRESS (psil

A fer ter+A fcr
POSITION FACE THRUST: MOMENT THRUST MOMENT THRUST MOMENT THRUST MOMENT (psi)

(psi)

I. F. 5 61 ·1 62 56 633 - 930 -- 114 1305

SPRING LINE
O.F. 5 - 57 -1 - 58 56 -589 -930 -- -1574 -155

I.F. 1 - 62 -7 -63 3 -544 - 800 -- -1472 - 53
INVERT

a.F. 1 42 -7 43 3 363 -800 -- -355 1064

TABLE :x:xm:r

SUMMATION OF STRESSES - LOADING CONDITION 3

L.C.@ D-INCREMENTAL

~ HOOP STRESS

LOCATION
STRESSES (psi)

DUE TO "rURGE fncr •
PSI A fer

THRUST IMOMENT
tCr+4fcr

POSITION FACE THRUST +MOMENT (psi) (psi)

I.F. - 114 - 372 - -' 486 933
SPRING LINE

O.F. -1574 - 372 -- -1946 -527

I.F. -1472 -320 -- -1792 -373
INVERT

O.F. - 355 -320 - - 675 744

TABLE :tX2III
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12h)
SUMMATION OF STRESSES - LOADING CONDITION 4

L.C.® G -TRAFFIC

~ STRESSES (pSi) STRESSES (psi) fncr •
LOGATION A fcr fCr+Afcr

POSITION FACE THRUST +MOMENT THRUST MOMENT (psi) IPsl)

I.F. - 114 4 45 - 65 1354
SPRINGLINE

O.F. -1574 4 -42 -1612 -193

I.F. -1472 0 -38 -1510 - 91
INVERT

-O.F. - 355 0 26 - 329 1090

TABLE XXIX

SUMMATION OF STRESSES - LOADING CONDITION 5

~
L.C.@ G - TRAFFIC H - SEISMIC

LOCATION STRESSES (psi) STRESSES (pSi) STRESSES (pSi) fncr ..
A fcr fCr+Afcr

POSITION FACE THRUST +MOMENT THRUST MOMENT THRUST MOMENT (psi) (psi)

I.F. - 114 4 45 0 - 829 - 894 525
SPRINGLINE

O.F. - 1574 4 -42 0 553 -1059 360

•
I.F. - 1472 0 -38 107 1081 - 322 1097

INVERT

O.F. - 355 0 26 107 -1006 -1228 191

TABLE xxx::

SUMMATION OF STRESSES - LOADING CONDITlON 6

L.C. CD G-TRAFFIC

~~ STRESSES (Psi} STRESSES (psi) fncr =LOCATION
A fcr

tcr+A fcr
POSITION FACE THRUST +MOMENT THRUST MOMENT (Psi) (Psi)

I.F. 817 4 45 866 2285
SPRING LINE

O.F. -523· 4 - 42 - 561 856

I.F. -549 0 - 38 -587 832
INVERT

O.F. 462 0 26 488 1907

TABLE :xxxI:.
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l2h)
SUMMATION OF STRESSES - LOADING CONDITION 7

~
L.C·0 G - TRAFFIC H - SEISMIC

LOCATION STRESSES (psi) STRESSES (pSi) STRESSES (psi) fncr •
A fer

fer+A fer
POSITION· FACE THRUST+MOMENT THRUST MOMENT THRUST MOMENT . (psi) (psi)

I.F. 817 4 45 0 -829 37 1456
SPRINGLINE

O.F. - 523 4 - 42 0 553 - 8 1411

I.F. - 549 0 -38 107 1081 601 2020
INVERT

O.F. 462 0 26 107 -1006 -411 1008

TABLE XXXII

Conclusion:

Pipe is adequate. All stresses are below allowable values.

Critical loading conditions are:

Steady State Loading:

Loading (1) Springline LF. :

Loading (2) Springline O.F. :
I

Transient Loadings:

Loading (6) Springline I.F. :

Loading (3) Springline O.F. :

2236 psi < 2250 psi allow. (see p.142)

-155 psi < 530 psi allow.

2285 psi < 3000 psi allow. (see p. 142)

-527 psi < 743 psi allow.

-158-



l2i) Maximum Operating Pressure and Earth Cover:

Resultant concrete stress:

f
c

f
cr

l2PR
Y + IF + L:M

- A - S
t

For tension control: f K f' K 7.5 (steady state)
<

c- c K 10.5 ( transient)

r
K~ + "F - "H1 A (see Part lIlt Subdivision 16)

a) P ~cr + t
w max. cAS l2Rt _

Y

where the summation of the thrusts = L:F = L:C x W

and the summation of the moments = L:M = L:CxWxRm

C = Moment and thrust coefficients t see Tables XXII and LXIII

0.45 (steady state)

0.60 (transient)

K'

K'
for compression control: f < K'f'

c cc)

b) the maximum cover load,W
dt

for tension:

A S(K fT + f ) + S(L:F-F h) -[A (L:M-M ) + S(12R )P ]
W = t c cr eart t earth y w
dt C6R

m
A

t
- C5S

(see Ref. 19, p.10)

f'
c

=
A Sf + S(L:F) + A (L:M) - S(12R )P

t cr t y w
K'A S

t

solving for maximum cover load

ASK' + S(12R ) P -[A Sf + S(L:F-Fd)+A (L:M-Md)
t y w t cr t

(see Ref. 19, p.10)



l2i) Tension Control

For Loading condition (3), see section l2a, p.15l

Critical Location:

O.F. springline

f 1419 psi
cr

K 10.5 (for transient loading)

f' 5000 psi
c

F. +F +F 1plpe water eart1
300 - 83 + 3400 3617 lbs/foot

LM

s

A
t

M. +M +M hplpe water eart

52.1 in
3

63.1 in
2

2980 + 3042 + 30702 36724 ft.lbs/foot

l2R = 378, R 32.25 in.
y m

C5 = 0.500, C
6

0.140, B
d

7.9 ft, kfl' 0.11

60.9 = 244 psi (allowable)
378

for surge

36724 ]
52.1

max

a) P = [1419 + 10.5 V/SOOO + 3617
s max. 60.9

For P = 150 psi
w

P (p +6P \<1.4 P =210psi,P =2
1
44

4
= 175 psi>?

s w sp) - w w max. . (allowable) w

60.9xS2.1 (10.5 J5000 + 1419) + 52.1 x 217 - [60.9x6022+52.1x378x210)
0.140x32.25x60.9 - 0.SOOxS2.l

where In =

kfl' 0.11.

9509 lbs/lin.foot

Cd x
2

W
d Ye x B

d Cd

Cd
l_e-2kfl 'H/Bd H

2k fl ' max

9058
2 = 1.21,

l20x7.9

In (l-Cikfl ')xB
d

-2kfl'

In(1-1.2lx2xO.ll) x 7.9

natural logarit~

----:2=-x-:0=-."":'1"":'1------ = 11.1 foo t
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12i) Compression Control:

Loading condition (1)

Steady state loading

Critical Location: I.F. Spring1ine

At = 60.9 in
2

S = 48.5 in3

f ::: 1419 psi
cr

IF = F + F + F = 300 + 3780 + 3400 = 7480 lbs.pipe vac. earth

IM = M. + M + M h = 2980 + 0 + 30702 = 33682 ft. 1bs/foot
p~pe vac. eart

12R = 378
y

P = -10 psi (vacuum)
w

k' = 0.45

R = 32.25 in
m

0.500

C6 0.140

R = 32.25 in
m

B
d

=7.9ft.

kll' = 0.11

c) f '
c req'd

60.9x48.5x1419+49.0x7480+60.9x33682-48.5x378x10
0.45x60.9x48.5

4834 psi

d) Wd max.
60.9x48.5xO.45x5000+48.5x378x10-[60.9x48.5x1419 + 49.x4080+60.9x2980J
- 0.140x32.25x60.9+ 0.500x49.0

7541 lbs/1in.foot

7541
120x7.92 1.01

Hmax.
In(1-1.01x2xO.ll)x7.9

-2xO .11
= 9.0 foot
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13. CRACKING CONTROL CALCULATIONS

a) Bedding classes and load factors Lf :

Bedding class B Lf = 1.9

Bedding Class D L
f

= 1.1

b) Allowable three-edge bearing load at P :
w

For cubic parabola design method

See Part III Appendix "B" Subdivision 15

Three-edge bearing load - W:

f = 1419 psi.cr

Maximum three-edge bearing load for 0.001 crack at P 0

W .001 = 11400 lbs/lin. foot (see Fig. 33)

W 0.9xW . 001 = 0.9x11400 = 10260 lbs/lin . foot
0

P = 229 psi (see B-4)
0

P 150 psi <P
w 0

p = P +f>P = 210 psi < 1.4 P
s w sp 0

For P = 150 psi
w

W = 0.7xl0260 = 7191 Ibs/lin. foot (see Fig. 34) (Governs)

For P = 210 psi. W = 0.841 x 10260='8630 Ibs/lin. foot (see Fig. 34)
s
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l3c) Equivalent three-edge-bearing loads - W:

For Class "B" Bedding:

W = We/L
f

= 6800/1.9 3579 1bs/1.f. < 7191 Ibs/l.f. (allowable,see Fig. 34)

For Class "D" Bedding:

W = We/L
f

= 6800/1.1 = 6182 lbs/l.f. < 7191 Ibs/l.f.
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PART Dl' 6

THREE- EDGE BEARING LOAD vs. RESULTANT CONC. CORE STRESS

PRESTRESSED CONCRETE CYLINDER PIPES- STANDARD CORES
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PART V

STATIC AND DYNAMIC PIPE AND JOINT BEHAVIOR

1. Ultimate Interaction Curves

a) Ultimate Interaction Curves for Cracking

The design examples of Part IV, for a 30" PCC pipe and a 60" PCEC

pipe, are based on typical design procedures employed by industry to

arrive at a pipe design based on the AWAA standards for allowable cracking

and maximum stresses (see Part IV, section SB - Crack Control-Serviceability

Criteria, page 107 and section SC - Working Stress Criteria,page 107)

In order to determine what factor of safety and reserve strength for

superimposed vertical loads are inherent in typical industrial designs

W.A. has reviewed the ultimate cracking loads for standard cores PCC

and PCEC pipes from a compilation of information contained in technical

Journals and from empirical data from industry (*) , ,and

has established a lower bound for the failure interaction curve between

the equivalent three-edge-bearing load and the internal pressure. (The

actual failure interaction curve can be slightly higher depending on the

pipe manufacturer and the quality control achieved.)

PCC and PCEC (rigid) pipes of reinforced concrete have a factor of

safety for vertical superimposed loads at a given operating pressure

defined as the ratio of their ultimate three-edge-bearing load (ring

compression) to that of the ~quivalent actual load (the field load reduced

to account for the cushioning effect of the bedding). The values of the

safety factor lie in the range of 3.5 to 6.0. The actual factor of safety of a

(*) W.A. wishes to thank the design staff of Interpace Corp. for their
assistance in correlating the empirical data from their laboratory
tests.
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pressurized rigid pipe for vertical superimposed loads is well above

2.5, as the actual equivalent load must always be lower than the allow-

able three-edge-bearing load determined by the cubic-parabola interaction

curve. This is shown on Fig. 2 for a typical 30" diameter PCC pipe.

PCEC pipes with no internal pressure have an ultimate three-edge-

bearing load approximately 2.5 times the design allowable load set by

AWAA Standard C30l. Using this load and the bursting pressure as the

ultimate internal pressure, an ultimate interaction curve may be calcu-

lated by the formula:

where Wu
ultimate equivalent three-edge-bearing load at internal pressure p

W ultimate three-edge-bearing load - 2.5 x W (at p = 0)
u 0

W incipient cracking design vertical load at zero internal pressure
o

(see Appendix B, Part III, 15)

P
b

bursting pressure (see Fig. 20)

The load W is a function of the concrete core precompression stress,
a

f and the diameter of the pipe. Graphs of W for PCC pipes of diameterscr' 0

from 16"-48" and PCEC pipes of daimeters from 48-60" are shown in Fig. 1.

The family of empirical curves of Fig. 1 represents the lower design bounds

for incipient cracking for such pipes with standard cores, and have been

developed by W.A. after correlation with data from the major manufacturers

and that found in published technical papers. (See Ref. 1 and Ref. 37,

39 and 40 of Part IV.) Industry has found it convenient to express the

precompression stress f as a function which contains a loss parameter
cr

S which lumps together all the loss effects. The general formulas for

f and S are given in Fig. 20 of Part IV.
cr
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PART 'U'

THREE - EDGE BEARING LOAD V5. RESULTANT CONC. CORE STRESS

PRESTRESSED CONCRETE CYLINDER PIPES WITH STANDARD CORES
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::; 0.7129

A. Ultimate Interaction curve for cracking of a 30" PCC pipe:

Using the pipe input data for the 30" PCC pipe shown on page

(Part IV), and the general data for prestressed pipes in Table IX and

X given on pages 112-113 ,Part IV, the loss parameter is given by:

2
(1 - 0.05-0)[1 + 5.0(0.28~1~7~87320)]

B = ---::--:~__----O-.:::_:_::_:=_::----
1.017 1.017

[1 + 6(21.768»)[1 + 5.0(21.768)(1 + 1.50)]

Using the general formula for f ,given in Fig. 20 (Part IV), the
cr

final or resultant precompression stress in the core is:

f
cr

=

0.285
(21.768)(219.750)0.7129

1 0 ( 5.0) 017. + 21.768 1..

= 1663 psi,

and Fig. 1 gives for the three-edge-bearing load at incipient c~acking

the value:

W = 7400 Ibs/l.f.

Thus, the incipient cracki~g design load is: Wo ::; 0.90 W = 6660 1bs/l.f.,

the ultimate three-edge-bearing load at no internal pressure W = 2.5 W
u 0

16,650 lbs/l.f.

the balancing pressure Po ::; 220.48 psi

and the bursting pressure Pb ::; 560.58 psi (see Part IV, p. 122 )

With these parameters, the design cracking curve is obtained by the cubic

parabola interaction formula of AWAA C301 plotted in Fig. 21, Part IV, p. 115.

Non-dimensional plots ~f both the ultimate interaction and the design

cracking curves are given on Fig. 2. With the earth load W = 3146 1bs./l.f.
e

(see p.124 Part IV), the equivalent three-edge-bearing loads are:

for class "D" - Bedding, 3146W = We/Lf =~ ::; 2860 1bs./l.f. ::; 0.4294 Wo

where the load factor Lf ::; 1.1 (see Part IV.3, p.137 and Part II ; Fig. 12 p.15)
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for class !'B" Bedding, W = Wc/L
f

= 3146 = 1656 1bs./1.f. = 0.2486 W
1.9 a

where Lf = 1.9 (see Part II:, Fig. 12, p. 15). Therefore, the factors

of safety (F.S.) and the Reserve Strengths (R.S.) for Class "B" and

Class "D" Beddings are:

F.S. for Class "D" Bedding =

9.07F.S. for Class "B" Bedding

2.254 W
____0"-- = 5. 25
0.4294 W

b

2.254 W
°= O.2486W:=
°

R.S. for Class "D" Bedding = (2.254 0.4294)W = 1.83 W = 12,152 lbs./l.f.
° 0

R.S. for Class "B" Bedding = (2.254 - 0.2486)W = 2.01 W = 13,356 lbs./l.f.
o 0

These values of the F.S. and R.S. appear in Fig. 2. (Computations for

the significant points of the ultimate curve have not been shown for

the sake of brevity.) Values for the F.S. and R.S. of the pipe under

quasistatic transient loadings, such as traffic and surge pressure, could

also be similarly evaluated.

B. Ultimate Interaction Curve for Cracking of a 60" PCEC Pipe:

Using the pipe input data for the 60" PCEC pipe shown on page

Part IV and the general data for prestressed pipes in Tables IX and X

given on pages 112-113 , Part IV

s =

2
(1 - 0.05 - 0.05)[1 + 6.0(0.558~3~2~27l76)]

1.276 1.276 '
[1 + 7.0(53.282)][1 + 6.0(53.282)(1 + 2.0)]

= 0.7045

Using the general fO':mu1a for f , g;ven in Fig. 20, Part IV 9 the resultaIit
cr

precompression stress in the core is:

(0.5586)(219 750) 0.7045
53.282 •f =~.=...:...:::.=..::::...---:------

cr 1.0 + (53~2~2) 1.276
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From Fig. 1, the three-edge-bearing load for incipient cracking

W 11,400 Ibs./l.f.

The incipient cracking design load W = 0.90 W = 10,260 lbs./l.f.a

The ultimate three-edge-bearing load at no internal pressure W =2.5 W= 25,650 lbs. /L.£",
u 0

the balancing pressure P = 228.78 psi and the bursting
(,)

pressure P
b

= 518.42 psi (see Part IV, p.144).

With these parameters the design cracking curve is obtained by the

cubic parabola interaction formula of AWWA C30l plotted in Fig. 21, Part IV,

p. 115. Non-dimensional plots of both the ultimate interaction and the

design cracking curves are given in Fig. 3. The earth load, We - 6,800 1bs./1.f.

(see p.146, Part IV). The equivalent three-edge-bearing loads are:

for class "T!' Bedding, W W ILf
6800 6182 lbs. /1. f. 0.6024 Wq=--= =e 1.1

for class "B" Bedding, W W IL
6800 3579 lbs./l.·f. = 0.3488 W=--=e f 1.9 a

Therefore, the factors of safety (F.S.) and the Reserve Strengths (R.S.) are:

2.231 Wo
F.S. for Class "n" Bedding = 0.6024 W

o
= 3.70

2.231 Wo
F.S. for Class "B" Bedding = 0.3488 W

o
= 6.40

R.S. for Class "n" Bedding = (2.231 = 0.6024)Wo = 1.63 Wo 16,709lbs./1.f.

and
R.S. for Class "B" Bedding =

These values appear in Fig. 3 .

(2.231 - 0.3488)Wo

-172-
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b) Ultimate Interaction Curves for Stress

A) W.A. has developed an Ultimate Interaction Curve based on stress

criteria for a specific pipe. In Fig. 3A, W.A. has added the ultimate-

stress pressure-toad interaction diagram to the allowable pressure-

load interaction diagram of Fig. 7, of Ref. 19 of Part IV, in

order to indicate the ultimate loads for a 54 i~ PCEC pipe. Following

industry's approach, the allowable and ultimate stress curves for this

example have been computed using Orlando's force coefficients (see Part IV,

p. 10~. It should be noted that with the pressure bulb assumptions made by

Orlando (see Ref. 19, Part IV) no differentiation in the class of bedding

or the reaction distribution for that class are made. Therefore W.A.

feels that the development of ultimate interaction curves for stress based

on these assumptions are less meaningful than the ultimate interaction

curves based on crack control or leakage ~resented in Part V~ la), which

do take into account (although somewhat empirically) the reaction

distribution for different bedding and construction conditions.

B) Calculations for Ultimate Stress Interaction Diagram

The ultimate stress calculations which follow are a supplement to the

Design Example shown in pages 13-18 of Ref. 19 for a 54 in. PCEC pipe.

For nomenclature and an explanation of the formulas see pages 8-10 and

,
page 24 of Ref.19. For ultimate stress, K ~ 12, and K 1.0 have been

used in the general formulas, see ACI 318-71 Sect 10.2.7 (Ref. 6, Part IV).

Tension Control:

W
uO

three-edge~bearing load is:

SA (12 ~ + f )+ S(F + F )- At(M
p

+ M
w

)
= _-=t~_-,-:-c",-:--:-:-....:::c~r-:--__-"p,-:-:,..-:-....:w,,--_-::._.l::. ":':--

0.126 R A ~ 0.324 S
m t

At the invert:
Load Calculation at P = O.

The ultimate
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(64.41(71.85)(805 + 892.4) + 64.41 (-41) - 71.85(7613)_
(0.126)(29.75)(71.85) _ (0.324)(64.41) - 29,425 1bs./l.f.

Pressure Calculation at W = 0

The ultimate Internal pressure is:

P
u

,-- F + F M + M At
=, [f + 12 If' + P w P w ]

cr IVI c A - S 6D
t y

= [892.4 + 80S + (-41)
71.8S

7613] 71. 85
64 . 41 6 (57 . 5) 329 psi

At the spring1ine:

Loaa CalcuJation at P = O.

- A (M + M )
t P w

0.089 R A - 0.539 Sm t

W
uo

three-edge-oearing load is:

SA (12 \~ + f ) + S(F + F )
t V c cr p w

The ultimate

(49.02)(60.3)(805 + 892.4) +49.02(266) - 60J3(S492)

(0.089)(29.75)(60.3) - (0.539)(49.02)
35,270 lbs./l.f.

Pressure Calculation at W= O.

The ultimate internal pressure is:

p
u

r:: F + F
= [f + 12 If' + P w

cr . Iv c A. t

M + M At
P w]

S 6D
y

[892.4 + 805 +~ _ 5492] 60.3
60.3 49.01 6(57.5) 278 psi

Compression Control:

The ultimate three-edge-bearing load is:

W =
s

A S f + S(F + F ) + A (M + M )
t cr p w t P XL.

C6A
t
Rm + Cs S
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At the springline:

W = 14.99(4500 K') + 85.75 P - 15,237w

where K' = 1.0 for ultimate stress.

Therefore, at p = 0; W = 52,218 Ibs./l.f.
u

at p = p = 156 psi; W = 65,595 Ibs./l.f.o u
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ALLOWABLE AND ULTIMATE PRESSURE LOAD-DIAGRAM

SINGLE -LAYER WRAP -54" PCEC PIPE
FIG.3A

Note: Allowable Pressure Load Diagram reproduced from Fig.7 p 13 of reLl
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2. GENERAL METHODOLOGY FOR THE EVALUATION OF CHARACTERISTICS OF CONTINUOUS

ANDIIJOTINTED RIGID CONCRETE PIPES

Table I (p.l97) gives the elastic stiffness and the fundamental period for

both extensional and transverse bending modes of a continuous isolated

PCEC pipe based on an arbitrary twenty foot segment length, a length

compatible with that of jointed line segments. Various degrees of

cracking have been assumed in order to obtain the elastic stiffnesses

enumerated in Table I and described in more detail in the calculations.

It has been assumed that the materials are perfectly elastic and that

there is composite action between the cylinder and the concrete without

slippage. The fundamental period of vibration for an isolated continuous

elastic pipe subjected to a longitudinal shear wave is a combination of

its tension and compression phases shown in Table II, on page 198.

Table III, on page 199,gives the effective extensional and rotational

mode stiffnesses and periods for a rubber-gasketed PCC and aPCEC pipe under a

working pressure of 150 psi and for a twenty foot pipe segment. The

rotational stiffness is based on the rigid body rotational motion of

the pipe and wa~er mass about the joint's crown or invert. The joint

extensional and rotational characteristics have been computed as a

function of the gasket compressive contact pressure and the friction

developed between the gasket and the bell and spigot rings.
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Where

1°·0.
I

I
I

----........~ L

CROSS- SECTIONAL MODEL OF PCC & PCEC PIPES
FIG.4

t
Y

t
c

t
cc

t
yr

Thickness of steel cylinder

Total thickness of pipe without protective covering

Thickness of concrete core inside steel cylinder

Radial distance from the inside of the core to the center
of the steel cylinder

For PCEC pipes; t
yr

For PCC pipes; t
yr t - t /2

c y

t + t /2cc y

D = Outside diameter of steel cylinder
y

R l} /2y y

D = Inside diameter of core; R = D/2

t = Thickness of outer protective mortar covering on wrapping wirewc
t Total thickness of pipe wall with protective coveringw
O.D. = Outside diameter or pipe with protective covering = D + 2t

w
A Circumferential area of steel cylinder per foot = l2ty y
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The mean radius to the composite pipe

wall is:

R = R + r

For Rd8 = 12 in.:

t Rd8 = 12t + (n - 1) A ,
c cry

RsinO'

where t = mean core thickness for the composite
c

pipe wall, from which

(n - l)A
t = t + r y

c c 12

DIFFERENTIAL ELEMENT FOR
COMPOSITE PIPE WALL

FIG.5

The moment of inertia of the composite section about its horizontal

centroidal axis is:

I =
4f1T/2 (R sin 8)2t Rde

x c
0

-3 (n - l)A
+ r y

= 'TTR [t 12 ]c

and since the composite area of the pipe per foot of circumference is:

and

The extensional stiffness of the composite section without the protective

coating'is, thus:

kx,P
Ecr

Ecr
L

-182-
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3. Elastic Properties and Periods of Unjointed Pipes

3a) Masses of a 20 ft length of Pipe:

For the 30" diameter PCC Pipe:

weight of pipe W
p

325 lbs./l.f. (see Part IV, p.118)

weight of water W
w

Unit Mass of the empty pipe M
e

306 lbs./l.f. (see Part IV, p.118)

W x L
P

g

where

and

L

g

segment length in ft.

f . / 2acceleration a gravity - In sec

M 325 lbs./l.f. x 20 ft = 16.82 lb.sec2/in.
e 386.4 in/sec2

Mass of the pipe full of water
(W + W ) x L

M = _-"'p__-'-'w'--__

f g

M
f

(325 + 306) lbs./l.f. x 20 ft. = 32.66 lb.ses2/in.

396.4 in/sec
2

For the 60" diameter PCEC Pipe:

weight of pipe W
p

1220 lbs./l.f. (see Part IV, p.141)

weight of water W
w

Mass of the empty pipe

1225 lbs./l.f. (see Part IV, p.141)

M =e
1220 lbs./l.f. x 20 ft.

386.4 in/sec
2

Mass of the full pipe

(1220 + 1225) lbs./ft. x 20 ft.

386.4 in/sec
2

3b) Properties of Composite Pipe Ring

To determine the cracked and uncracked bounds for the elastic properties

of the composite sections of the PCC and PCEC pipes, their cross-section

has been drawn in Fig. 4. A lower bound for axial compression and
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transverse bending stiffness is obtained by assuming that the protective

coating is entirely cracked. Indicating by:

A = the area per lineal foot of circumference for each component of

the composite pipe wall.

r' = the radial distance from the inside face of the concrete core

to the centroid of the component.

r the mean radial distance from the inside face of the concrete

core to the centroid of the composite pipe wall (see Fig. 4)

n = modular ratio for the pipe
r

one obtains:

PROPERTIES OF THE UNCRACKED COMPOSITE SECTION

WITHOUT PROTECTIVE COATING

COMPONENT A r l Art

Concrete Core 12 t c tch 6 tc2

Steel Cylinder (n,-1) Ay t yr (n,-1) Ay tyr

ATc / FT '" =SA" 12tc-t(nr-1)Ay =SA " • 6 t~2 .. (n r -1) Ay t yr

f'=~
:EA
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where ATC total transformed area of the composite pipe in. 2

L Length of the segment (in.)

and E
cr the effective modulus of elasticity (psi), (see Table IX, p.l12)

An upper bound for the elastic characteristics of the composite pipe

section in axial compression and transverse bending can be determined by

assuming that the protective coating remains totally uncracked around the

entire circumference.

The total thickness of the pipe wall with the protective coating is:

t t + t (see Fig. 4)w c wc

We obtain:

PROPERTIES OF THE UNCRACKED COMPOSITE SECTION

WITH PROTECTIVE COATING

COMPONENT A r' Ar'

Concrete Core 12 tw twl2 6 tw 2

Steel Cylinder (nr-1) Ay t yr (nr-1) A y tyr

ATC/fT .. :i: A .. 12 tw + (nr -1) Ay :i: A r' • 6 tw 2 + (Or -1) Ay t Yr

;:'=~
:i:A

L
kx,p

The extensional stiffness of the composite section with protective coating is:

E
cr

x A
TC
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3c) Composite Area, Extensional Stiffness and Moment of Inertia for a

30" PCC Pipe without Protective Coating:

PROPERTIES OF THE UNCRACKED COMPOSITE SECTION

WITHOUT PROTECTIVE COATING FOR A 30" PCC PIPE

COMPONENT A (in2
) r l (in) A r' (in3)

Concrete Core 1.875 "12 • 22.50 0.9375 21.094

Steel Cylinder (5-1) .0610 (12)=2.928 1.8445 5.401

Arc 1ft: :eA· 25.428 :eAr'· 26.495

r'= 26.495 = 1.042 in.
25.428

R = R + r

16. 042 in .

~c = ~~R x A = 2n (16.042)x 25.428
12

= 213.58 in.
2

kx,p
5.6 x 106psi x 213.58112

240 4.9836 x 106 1bs/in.

. 4
27.482.5 In.
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3c,ii) Composite Area Extensional Stiffness and Moment of Inertia for a

30" PCC Pipe with Protecitve Coating:

PROPERTIES OF THE UNCRACKED COMPOSITE SECTION

WITH PROTECTIVE COATING FOR A 30" PCC PIPE

COMPONENT A(in2) r' (in) Ar' (in3 )

Concrete Core 12. 2.6675= 32.250 1.34375 43.336

Steel Cylinder (5-1) .0610(12)=2.926 1.8445 5.401

ATc/ft;:iA •. 35.178 :iAr'·48.737
-. 35.178 1 385 .r D '4if:737 =. en.

-I

R = R + r = 16.385 in.

~C = 2nR = 2n (~~.385) x 35.178 = 301.81 iu· 2

k = Ex,p cr
5.6 x 106

pSi x 30.181112

240 7.0421 x 106 1bs./ln.

I
x

n(16.385)3 x [t +
c

(n
r

- l)A
Y

12 )

3= n(16.385) (~C/ft)/12

= 40,511.6 in. 4
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3c,iii) Composite Area, Extensional Stiffness and Moment of Inertia for

a 60" PCEC Pipe without Protective Coating:

t +;t + t /2 = (~-:- 60.)
yr cc y 2

0.0598
2

= 1.470 in.

PROPERTIES OF THE UNCRACKED COMPOSITE SECTION

WITHOUT PROTECTIVE COATING FOR A 60" PCEC PIPE

COMPONENT A(ln2) "(In) Art (In3)

Concrete Core 4.50 x 12 = 54.000 2.25 121.500

Steel Cylinder (6-1) .0598 (12)'" 3.588 1.470 5.275

ATc/ft~A • 57.588 :EAr'· 126.775
;'=.126.775 = 2.201 in.

57.588

R = R + r = 32~20l in.

Arc = ~2R x Arc/ft = 16.860 x 57.588 970.957 in. 2

k
x,P

Ecr . Arc
=----=

L
4.7 x 106

x 970.957
240. = 19.015 x 106 1bs./in.

503,394.8
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3c,iv) Composite Area, Extensional Stiffness and the Moment of Inertia

for a 60" PCEC Pipe with Protective Coating:

PROPERTIES OF THE UNCRACKED COMPOSITE SECTION

WITH PROTECTIVE COATING FOR A 60" PCEC PIPE

COMPONENT A(in 2) r' (in) Ar'(in3 )

Concrete Core 12" 5.375= 64.500 2.6875 173.344

Steel Cylinder (6-1).0598(12)= 3.588 1.470 5.275

ATc/tt= :EA· 68.088 :EAr'· 178.619
;'. 178.619 =0 2 623 .

68.088 . In.

R R + r = 32.623 in.

ATe
2nR

ATc/ft
2n(32.623) x 68.088=U x 12

E • ~c 4.7 x 106 x 1163.0
k

cr
x,p L 240.

1163.0 in.

622.775 x 10 1bs./in.

I
x

-3nR x t
c

n(32.623)3 + 68.088/12

618,886.3 . 4In.

Extensional"Periods of 30" pipe without the protective coating:

l\. 7.0421 x 106 1bs./in. (see p.185),
X,p

circular frequency of

w
f,p

period of full pipe

67.0421 x 10
32.66 464.34 -1sec

2n 2n
Tf,p = -w--- = 464.34

f,p
0.0135 sec.
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circular frequency of

We,p =

empty pipe

7.0421 x 106

16.82 = 647.05
-1

sec

period of empty pipe:

Te,p
2'IT

=--
We,p

2'IT
--,-::-:-:..-- = 0.0097
647.05 sec

k = 4.9836 x 10
6

1bs./in.
x,P

circular frequency of full pipe:

wf,p

64.9836 x 10
32.66 = 390.63 -1sec

period of full pipe:

Tf,p
2'IT 2'IT

= -w- = -3-90-.-6-3 = 0.0161
f,p

sec

circular frequency o'f empty pipe:

w ~ J~E ~e,p M
e

period of empty pipe:

64.9836 x 10
16.82 544.33 -1sec

Te,p
2'IT

We,p

2'IT
544.33 0.0115 sec

Extensional periods of the 60" PCEC.E!P~without the protective coating:

The extensional stiffness = k = 19.015 x 106 1bs./in (see p.186 )
x,P

M 63.15 1bs.sec2/in.
e
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/k'-
19.015 x 106

-1
Ul V~ = 388.47
f~p Mf 126.5 sec

T
2TI 2TI 0.016 sec--- =

f~p w 388.47
f~prz:--'- 6 -1I~ 19.015 x 10 548.73w

V M 63.15 sec
e~p e

the period of the empty pipe is:

Tx,p
2TI=---

w
e,p

2TI
548.73 0.012 sec

Extensional periods of 60" PCEC pipe with the protective coating:

k. 22.775 x 106 1bs./in. (see P·187 )x,p

Ikx 622.775 x 10 -1
4l VM;P = 126.5 424.31 secf,p

T
2TI 2TI 0.015=--= secf,p w 424.31
f~p

~
k ' 22.775 x 106 -1w = ~ x~:p 600.54 sece,p 63.15

Te,p
2TI

=--
w
e~p

2TI
-6~00~.~5-4 = 0.011 sec
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3d) A lowest bound for the axial tension can be calculated by assuming

that all the concrete has cracked and only the steel cylinder is effective.

Area of the steel cylinder AyT A
y

x 2nR
c

/12

where R = average radius of cylinder = R + t
c ~

tensile extensional stiffness of the pipe k
x,p E A TILs Y

where E = the modulus of elasticity of the steel
s

i) Cylinder area, tensile extensional stiffness, and periods of a 30" PCC pipe

(0.732) x 2n(16.8445) R
12 y 15.0 + 1.8445 = 16.8445 in.

. 2
J.n

k
x,p

28.0 x 106 x 6.456
240.

0.7532 x 106 lb/in. (in tension)

M
e

16.82 lbs.sec2/in.
(see p. 179 )

w
f,p

-1sec

T
2n 2n .041=--= sec

f,p W 151.86
f,p

_Jkx, p _ 0.7532 x 106 211.61 -1secw -.; Me - 16.82e,p

T 2ft 2n 0.030=--= = sec
e,p w 211.61

e,p
it) Cylinder area and tensile extensional stiffness and periods of 60" PCEC pipe

For the 60" PCC Pipe with only the steel cylinder effective in resisting

longitudinal strain:

the extensional stiffness of the pipe in tension [neglecting the entire

concrete core (see 4iscussion of thisabove)] with:

R = R + t = 30.0 + 1.470
c yr

= 31.470 in.
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(0.7176) x 2n(31.470) = 11.824
12

2
in ,

is: k
x,p

628.0 x 10 x 11.824
240. 1.3795 x 10

6
Ibs./in. (in tension).

(see p. 179)

2
/

,
M = 63.15 Ibs.sec ~n.e

2
/

,
M = 126.50 Ibs.sec ~n.f __..__

T"k"'.----- r:-:: 6
_ /~ = 11.3795 x 10

wf,p - V M
f

V 126.50 104.4 -1
sec

T
f,p

2n
--=
W
f,p

2n
104.4 0.060 sec

W
e,p

J 106
\/1.3795 x
V 63.15

147.8
-1

sec

T
e,p

21T
W
e,p

21T
147.8 0.043 sec
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3e) For longitudinal bending, a lower bound for· the elastic cracked section

is calculated by assuming no effective concrete in the tensile zone below the

neutral axis Qf the pipe.

The pipe model used in arriving at an expression for the cracked moment

of inertia has been reproduced in Fig. 6 from the currently proposed AWAA

Manual M9 (Ref. 2, Part I) which is in draft format presently. The transcendental

equation for the tangent of the angle a subtended by the neutral axis

tan a a + np'IT where p
l-p t It (see Fig. 6 )

s w

The formula for the moment of inertia of the cracked section is also given

in the proposed AWAA Manual M9:

2R 3 a 2 3 1 2
Ix = c tw[(l-p)(Z + acos a - 4 sin 2a) + np'IT(Z + cos a)],

where R
c

R

R + t yr

radius to the innerface of the concrete core

and t radial distance from inner face of the core to the center of the
yr

steel cylinder (see Fig. 4).

For a 30" PCC pipe:

tan a = a + np'IT
l-p

n = 5

0.0610
p = ts/tw = 2.6875

(eentrifugated cone.)

0.0227

(for derivation see revised AWAA Manual M9, Chapt. 8 pp. 122-124)

np'IT = 5(0.0277) 'IT =
l-p (1- 0.0227)
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Concrete
Coating

Lining

Steel
Cylinder

Concrete

Neutral
Axis II)

0
(,)...

'l)
II)

0
(,)
.;

-'6
II)

0 II)
(,) 0
+ ... (,)..-...
•0\

PIPE MODEL FOR HOLLOW CIRCULAR TUBE
(ELASTIC CRACKED SECTION

FIG.6
FOR LONGITUDINAL BENDING)

r = Outside radius of steel cylinder, (in. )

t = Total pipe thickness with coating (in. )

t Thickness of concrete lining and coating, tin. )
c

t Thickness of steel cylinder, (in. )
s

Area of concrete t rd8
c

Area of steel = t rd8, or trd¢
s s

t
s t ptP = t' or

s

and,

Area of steel = ptrd8, or ptrd¢

dA
p

= t[1+(n-l)p]rd8; dA
T

= nptrd~
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tan a - a - 0.3648 =0

Solving by Newton's method of tangents:

f(a) = tan a - a - 0.3648

2 2f'(a) = sec a-I = tan a

f(a )
o

a = a
3

= 51.7333° = 0.0929 radians

sin a = 0.7851

cos a 0.6193

2cos a 0.3836.

The moment of inertia of the cracked section for the hollow tube is:

R = R + tc yr

15.0 + 1.8445 = 16.8445 in.

I 2(16.8445)3 x 2.6875[0.9773{0.4515 + 0.9029(0.3836)-0.75(0.9725)}
x

= 9,813.30 . 4In.

+ 5(.0227)n(0.50 + 0.3836)]

For a 60" PCEC pipe:

p = t It
s w

0.0598
5.735 0.01113 n = 6 (cast-in-p1ace concrete)

npn
(l-p)

= 6(0.01113) n = 0.2122
0.98887

tan a - a - 0.2122 = 0

Solving by Newton's method of tangents (see Ref. 4).
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a = a
3

= 44.8617°

sin a 0.7054

0.7830 radians

cos a 0.7088

2
cos a 0.5024

p = 0.01113

(l-p) = 0.98887

sin 2a 0.99999

R = R + t
c yr

30.0 + 1.470 31.47 in.; t = t + tw c wc

I
xcr

I
x

3 a 2 3 1 Z
2R t [(l-p) (- + acos a - -4 sin 2a) + np1T(-Z + cos a) ]

c w 2

Z(31.47)3x 5.375[0.98887{0.3915 + 0.7830(0.5024)-0.75(0.99999)}

+ 6(0.01113) ().50 + 0.5024)]

. 4
83,535.9 ~n.

Periods of transverse bending motion for cracked sections:

For the transverse bending mode the displaced

shape of a pipe of length L is

given in Fig. 7.

L

MODE SHAPE FOR
TRANSVERSE BENDING

Fig. 7

The frequency of this fundamental mode may be obtained by taking half

the segment as a cantilever beam with a uniform load. (see Ref. 28, part IV).
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f =
3.89

'W (Li) (LL)
f,p 2 2
e,p

8El

The period is:

1
Tf,p = f 44.010

For a 20' length of pipe:

/Wf,p'
!

= 1308.794 V :~

Tf,p
e,p

(20 x 12)2
= 44.010

~if, P

V
I~

El, x

The periods of the full and empty pipe are given on the next page (196a).
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PART V 3

PERIODS OF VIBRATION DUE TO
LON GITUDIN AL VI AVE - ELAS TIC CON T. PIPE

TYPE OF SERVICE TX'T Tension Tx,c Compo Tx ='2 (TX ,T+Tx ,c)
PIPE CONDITION (sec.) Phase (sec. ) Phase (sec.)

FULL 0.041 0.0135 0.0273
PCC

30" DIAM
20' LGTH

EMPTY 0.030 0.0097 0.0199

FULL 0.060 0.0150 0.0375
PCEC

6011 DIAM
20' LGTH

EMPTY 0.043 o.ono 0.0270

TABLE n
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4. PROPERTIES AND PERIODS FOR THE RUBBER-GASKETED JOINTED PIPE

a) The behavior of the rubber-gasketed joints in the PCC and PCEC pipes is

complex and is influenced by the following parameters:

(a) Details of the confined gasket and, hence, of the type of bell and spigot,
type of groove and type of gasket.

(b) Level of hydrostatic operating pressure, which in practice varies from
o to 350 psi.

(c) Type of construction classification including:

a) the type and size of bedding and support, and

b) the soil environment and its interaction with the pipe,
if any.

(d) Practical tolerances, which are a function of the size and the type
of pipe.

(e) The depth of earth cover, which may influence both the friction between
pipe and soil and the binding action between bell and spigot around
the circumference of the pipe.

, (f) The patterns of variation of the binding action between bell and spigot
around the circumference of the pipe, including the randomness of the
binding action.

For an installed joint in the field, the extensional and rotational character-

is tics of the joint are a function of the friction force between the gasket and the

_____ bell, the binding friction between the bell-and-spigot (if it exists) and the

effectiveness of joint grouting in resisting tensile and compressive stresses

and strains.

The friction force between the gasket and the bell is a function of the compressive

contact pressure and the coefficient of friction between the two surfaces. As

both the contact pressure and hence the frictional force vary across the width

of the spigot groove (for details of the groove see Fig. l6A and l6B, Part II, p.23 ),
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the actual pressure bulb shape and the resultant forces are complex. A discussion

of the complexities of a theoretical analysis of this problem for the bell-and

spigot used in reinforced concrete pipes is given in Ref. 2. The contact pressure

bulb shape for the rubber gasket is a function of the internal pressure in the pipe.

Pressure measurements between the gasket and the bell ring have been made on

scaled plexiglass models by Valenziano (see Ref. 3). These tests had the purpose

of determining the compressive contact pressure between the gasket and the bell

under varying static internal pressures up to 200 psi and for the spigot shape

used in the PCC and PCEC pipes. The initial compressive strain in the gasket,

measured by the industry as a percent of the stretched a-ring diameter and called

gasket de~lection, is also a parameter in these tests. An article in the Nov., 1967

AWWA Journal by Frank P. Valenziano (see Ref. 3, part V) shows the peak gasket

contact pressure to be 400 psi, for an internal pressure of 150 psi for a 64

durometer gasket material and a gasket deflection of 28.3 percent. A diagram

showing an isolated detail of the joint and the contact pressure bulb shapes

as measured by Valenziano appears in Fig. 8.

Conversations with the leading PCC and PCEC pipe and gasket manufacturers, has

established that the usual range of gasket deflections in these pipes is between

36 and 37 percent. Using Fig. 8 and with a linear relationship between the internal

pressure and the contact width (see Ref. 3),results in a peak gasket contact pressure

of approxim~tely 430 psi for an internal pressure of 150 psi. To represent the

actual field condition of the gasket, a reduction of 20 percent for stress relaxation

after 20 years was used. This results in an effective long-term peak contact

pressure for the PCC and PCEC pipes in the field of 364 psi. This corresponds,
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21/32-INCH DIAMETER O-RING GASKET

INTERNAL HYDROSTATIC PRESSURE

o 0.1 0.2 03 0.4 0.5 0.6 0.7

CONTACT WIDTH. INCHES

CONTACT PRESSURE,64 DUROMETER
FROM RUBBER- GASKET JOINTS FOR CONCRETE PIPES
JOURNAL A W WA NOV.1967 BY FRANK P. VALENZIANO

FIG.8
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approximately, to the 125 psi internal pressure bulb curve for contact pressure

across the groove shown in Fig. 8. Integrating this 125 psi pressure bulb curve

over the groove width and dividing by the groove width of 3/4 inch gives a mean

effective contact pressure of 215 psi for a hydrostatic pressure of 150 psi for

a pipe that has been in the ground for 20 years.

b. MAXIMUM PULL-OUT UNGROUTED-JOINT FORCE:

The maximum pull-out ungrouted-joint force per unit length may be expressed as a

functionof themean contact pressures and the coefficients of friction across

the bearing surfac€s at the gasketed joint by the following simplified equation.

~s Wb a + ~ W as sc g g gc

where ~g = mean coefficient of friction for the rubber gasket on the steel

bell ring = 0.70

W the width of the compressed gasket = 0.75 in.
g

agc the mean effective gasket contact pressure

pressure of 150 psi

215 psi for an internal

~s mean coefficient of friction between the steel surfaces of the bell

and spigot 2 0.40

Wsb = the width of steel to steel bearing between bell and

spigot = 0.50 in.

a = the mean effective contact pressure between the bell and the spigot
sc

where steel to steel binding exists (called interference by the industry)
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Conversations with the American Concrete Pipe Association and leading manufacturers

disclosed that binding has probably a random distribution, and that no measurements

have been taken to establish the magnitudes and distributions of the steel binding

contact pressures. Therefore, for purposes of establishing a lower bound, we

have assumed that no binding occurs (0 = 0), and that only the gasket contactsc

pressure is active in resisting joint extensions in the ungrouted joint.

For a working pressure of 150 psi,

F
f

= 0.40xO.50xO + 0.70xO.75x215 :; 112.88 1bs/in.

The gasket pull-out force due to friction for the ungrouted joints of the PCC

and PCEC pipes with no interference is:

F
x

where D
g

= F
f

x 1T X D
g

,

D + 2t
y g

and t = approximate average thickness of the compressed gasket
g

(see Fig. 16A, part II for details).

0.375 in.

For the 30" PCC pipe:

D = D + 0.75 :;

g y

and F = 112.88
x

For the 60" PCEC pipe:

34.5 in

X 1f x 34.5 = 12,235 lbs.

and

D = D + 0.75 = 63.75 in
g y

F 112.88 x 1f x 63.75
x

22,607 lbs.

In the actual pipeline the rubber-gasketed joints are grouted with concrete or

cement mortar after the joint connection has been made. Based on actual field

experience in breaking such joints apart, a major manufacturer has recommended that
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300 psi be used for the value of the maximum tensile strength of the mortar.

Using this value, the maximum extensional tensile joint force for the grouted

joint is:

F F + 2nR x t x 300 psi
xm x cm m

where the average radius to the centroid of the grouted mortar is:

R = R + t /2cm c

and the effective thickness of the grout is:

For the 30" PCC pipe:

t = t -(1/2 +9/16 ) = t -1 1/16 in.
m c c

R 15.0 + 1.875
15.9375 incm 2

t 1. 875 - 1.0625 = 0.8125 in
m

F 12,235 + 2nx15.9375 x 0.8125 x 300 = 36,645 1bs.xm

For the 60" PCEC pipe:

R 30.0 + 4
2
.5 = 32.25 in

cm

t 4.5 - 1.0625 = 3.438 in
m

Fxm 22,607 + 2nx32.25 x 3.438 x 300 231,570 lbs.

C. Extensional Deformations and Stiffness:

For a 30" PCC pipe at a working pressure of 150 psi, assuming a linear

relationship between force and displacement at leakage:

F k 6.
x x,g max

where

6.
max

and k
x,g

maximum extension = E = 0.375 in (see Table VIII, Fig. 17, Part II,
p. 24 )

average extensional stiffness at leakage
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Therefore:

k
x,g = F ftc.x max

_ 12,235
- 0.375 = 32.6267x10

3
Ibs/in

Assuming the protective coating has cracked due to the action of a seismic wave,

the deformation before the cement mortar becomes ineffective is:

tc.
m
max

F
xm

k
x,p

36,64~ _
6

4.984xlO
= 0.0074 in,

where k is given in Table I.
x,p

For a 60" PCEC pipe at a working pressure of 150 psi,

k = F /6 = 22,607
x,g x max 0.875 = 25.837x10

3
lbs/in,

tc.
max E 0.875 in, see Table VII

Fig. 17, Part II p.24

the deformation at the limit of the cement mortar cracking is:

tc.
m
max

F
xm

k
x,p

231,570
6

19.015x10
= 0.0122 in

d) Maximum Compressive Force and Deformation for the Grouted Pipe Joint.

Assuming that the outer protective coating cracks under the action of a

seismic shear wave:

the maximum compression joint force p.
JC

ATC x f' c 213.58
2

x6000 == 1,281,500

the maximum compressive joint extension = tc.
cmax

For the 60" PCEC pipe,

p.
~ _ 1,281,500
k - 6

x,p 4.984xlO
0.2571 in

the maximum compressive joint extension = tc.c
max

= 0.2553 in.

the maximum compressive joint force p.
JC

2
ATCxf'c = 970.96 x5,000

~ _ 4,854,800
k - 6

x,p 19.015x10

= 4,854,800 Ib:
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e) Maximum Joint Force, F
f ,m.

For a 30"PCC grouted pipe joint under a working pressure of 150 psi

Ff = Ff+Fm = 112.88 + 0.8125x300,m

=356.63 Ibs/lin.in.

(where Ff = 112.88 1bs/in

and F = t x300 1bs/in)
m m

For a 60" PCEC grouted pipe joint under a working pressure of 150 psi

F = F +F = 112.88 + 3.438x300f,m f m
= 1144.28 Ibs/lin.in.
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SCHEMATIC MODEL OF COMPRESSED GASKE1
FIG.9

f) Joint Moments for the Gasketed Pipe:

Using the schematic model of the compressed gasket shown in Fig. 9, the moment

for the ungrouted joint is:

D
(l+sine) -& de = ~ F D 2

2 2 f g

and

Simi1arl~ for the grouted joint, assuming that the moment arm for the grout is

approximately the same as that of the gasket, the moment at the joint is:

= ~ F D 2
Mmj 2 f,m g

Therefore, for the 30" PCC pipe at a working pressure of 150 psi:

M
j

= ~.. x 112.88 x (34.5)2 = 211,045 1b-in

~ 2Mmj = 2 x 356.63 x (34.5) = 666,770 1b-in

For the 60" PCEC pipe at a working pressure of 150 psi:

~ 2Mj = 2 x 112.88 x (63.75) = 720,605 1b-in

and M. = ~2 x 1144.28 x (63,75)2 = 7,304,871 1b-in
mJ
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g) Joint Rotations at the Cracking of the Grout.

= 0.300 ksi

= .0129 in,

tension f tm
0.30x 240

'.6x103=t:.
max

the 30" PCC pipe, with a maximum mortar
f xL

tm
Ecr

the maximum elongation

For

the maximum rotation for cracking of mortared joint:

t:.max .0129
~max = -D--- = 34.50

g
0.0004 radians = .021 degrees.

For the 60" PCEC pipe:

t:. :;
max

f xL
tm

Ecr

0.30 x 240
3

4.7xlO
:; .0153 in

c1Jmax

t:.
max:;-- =

D
g

.0153
63.75 = .00024 radians :; .014 degrees.

h) Rotational Stiffnesses at Leakage for a Working Pressure of 150 psi.

The rigid-body joint rotational stiffness at leakage is: k~ = ~,
e

where the rotation at leakage = 6 = t:. /Dmax g
= E/D where E

g
maximum extension
at the joint at
leakage

F
= M./(E/D ) = ~ Ef D 3 (see Table VIII, Fig.17,

J g g Part II p. 24 )

For the 30" PCC pipe:

,
19,416,140 in-lbs/rad.

e = E/D = 0.375/34.50 = 0.011 radians
g

F
k¢ = ~ -f D 3 = ~ (112.88) (34.5)3 =

2 E g ~ 0.375

= 0.62 degrees!t

For the 60" PCEC pipe:

e E/D = 0.875/63.75 = 0.014 radians = 0.79 degrees,
g

k~ = ~ x
F

f D 3 7T (112.88) 3 52,501,220 in-lbs/rad.="2 (63.75) =
2 E g 0.875

-209-



i) Graphs of Joint Behavior in the field.

Using the values calculated in the preceding pages, the extensional

behavior of the rubber gasketed grouted joint has been graphically shown in Fig.

10 and 11 for the PCC and PCEC pipes. The rotational'" behavior of the rubber

gasketed grouted joint has been graphically shown in Figs. 12 and 13 for the

T = 2rr
f,g
e,g

PCC and PCEC pipes. These graphs are self-explanatory and show the complexity

of the behavior of the grouted rubber-gasketed joints used in PCC and PCEC

underground pipelines. It should be noted that these graphs assume no interference

and thus representa lower bound for joint behavior.

j) Extensional Periods for the Rubber-Gasketed Pipes.

fMf,e
II k
Y x,p

For the 30" PCC pipe at a working pressure of 1.50 psi, with:

M
f

32.66 Ibs-sec
2
/in-and

M = 16.82 Ibs-sec
2
/in (see Part V,3. p.179 )

e

{--
T 2rr I 32.66 0.199 sec.V32. 627xl0

3 =f,g

,~----

T 2rr \ I 16.82 = 0.143 sec.e,g /32.627x10
3
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T = 27Tf,g

With: M
f

M
e

For the 60 11 PCEC pipe at a working pressure of 150 psi t with

126.5 2 .Mf 1bs-sec /In.

63.15 2 (see Part Vt 3t P.179 )and M Ibs-sec line

T 21T 126.5 0.440 sec.
ftg 325.837xlO

T 27T 63.15 0.311 sec.=etg 325.837xlO

k) Rotational Periods for the Rubber GasketedPipes.

For the 30" PCC i e at a working pressure of 150 psi:
'::"';:'~-='::-=-"::-::"--'I-..Q--J>-

ftg
~
k

<Ptg

32.66 Ibs-sec2/in (see Part V 3 t p.179)

16.82 Ibs-sec2/in t

L "" length of pipe

D ::: O.D. of the pipemax

the mass moments of inertia of the full and empty pipe are:

~2 3 D ] [(2~X12)2 x 3 [30+2(~.6875)]jIf = Mf
~ + max::: M

19,669.3 H
f

3 8 f :::

e e e e
32.66 (19 t 669.3) 642 t398.4 lbs. in. 2

If sec.

r 16.82 (19,669.3) = 330,837.6 1bs. in. 2sec.
e

T 21T 642.3984xl03 27T
(1.819) 1.143 sec.=-

f,g 194.161xl05 10

T 27T 330.8376x103 27T (1.305) 0.820 sec.= =- =
e,g 194.161xlO

S 10

-215-



For the 60" PCEC pipe at a working pressure of 150 psi:

With: Mf = 126.5 Ibs-sec2/in.

M 63.15 2 .
= 1bs-sec /l.n.e

(see Part V 3, p.179)

2
2 3 D

L max
-3 + -....::8=~

2
19,200 2 + 3 [60 + 2(5.375)] ]

8
21,077.1 in2

If = 126.5 (21,077.1) 32,666.251x10 1bs.in.sec.
2

I
e

3 . 263.15 (21,077.1) = 1,331.018x10 1bs.l.n.sec.

T = 27Tf,g

T 27Te,g

3 27T2,666.251x10
(2.254) 1.416 sec.=- =

525.012x10
5 10

3 27T1,331.018xl0 (1. 592) 1. 000 sec.
525.012x105 = 10
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1) Joint Shear Strength and Leakage Deformation

In our studies, the shear characteristics of the pipe joints have been assumed

not to be as critical as the extensional and rotational characteristics. Some

joint shear tests performed by industry (see Ref. 5 part V) indicate that joint

shear failures are initiated by local crushing or splitting of the core at the bell

and spigot rings. However, no comprehensive tests data exists for establishing the

characteristics of grouted and ungrouted joints under varying hydrostatic pressures.

WA in their new research work proposal to NSF has suggested a test procedure to

provide some of the needed data in order to evaluate such joint shear characteristics.
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PART VI. ULTIMATE MATERIAL STRENGTH AND DAMAGE MATRICES.

The critical forces or deformations which cause failure of a pipe

can be determined independently of each other to show which is dominant

in an actual failure or leakage. Although no such forces or deformations

actually exist independently in the pipeline, the listing of such forces

and deformations in tabular form indicates the relative weaknesses and

strengths of a particular kind of pipe. A Damage Matrix lists the pipe

and joint forces and deformations which determine the failure and leakage

of a given pipe, when only one type of force or deformation acts on it

(ignoring the soil-pipe interaction). Such matrices appear in Table II

for a 30" diameter PCC pipe and in Table IV for a 60" diameter PCEC pipe.

Examples of calculations of Damage Matrices are given hereafter. In

preparing these calculations we used Tables I and III, listing the ultimate

material strengths and symbols for the PCC and PCEC pipes. Previous

standard nomenclature used in Parts I-V, and listed and defined in Part IV,

pages 11-0 and lll,have also been used in computing the ultimate and leakage

characteristics of pipes.

A) 30" PCC - Pipe

Longitudinal Compression - P
uc

P
uc

A F + A F '
TY Y c c

; where F /0.00018E < 1.0
y s

(See Ref. 2, p. 546 for ultimate axial load of concrete-filled steel tubular column.)

P = 6;456 (41.0) + 2.6875 (2n x l6.385)x6.0
uc
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Longitudinal Tension - P
ut

For the 30: PCC pipe,

f ' = 6000 psi,
c

the ultimate concrete tension in the core: fut 12~ = 929.5 psi

(from ACI 318.71, Chapt. 18 18.4, p. 58)

f = 1663.0 psicr

f + f = 929.5 + 1663.0 = 2592.5 psi
ut cr

Use ¢ = 0.90 for bending

¢ = 0.85 for shear and torsion (from ACI 318.71, Sect. 10.2.7., See Ref. 6)

P ¢t· (A T· F + A f ) = ¢ (A F + t x 2nR x f )ut Y Y c t t yT Y w ut

0.90[6.456 (41.0) + 2.6875 x 2n(16.385) 0.93]

469.8 kips

Vertical or Horizontal Shear on Cross-Section - V :
u

V = ¢ (A T • T + A f ) (where T = shear yield stress)u s y y c ut y

0.85(6.456 x 19.1 + 2.6875 x 2n(16.385) 0.93)

323.5 kips

Torsional Moment of Cross-Section - T :
u

T = ¢s{2nR.R t ·T + t (f + f )}u y y w ut cr

0.85{2n (16.385)2[(0.0610 x 19.1) + (2.6875 x 2.593)]}

= 11,662 in-kips
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Ring Compression - Cur

C = ~ {A x (F - f .) + 12t (f ' - f )}ur c y y y~ w c cr

Assuming no internal pressure:

f .
y~

TJ. f .
~ c~

6(2.135) = 12.81 ksi

C = 0.75{0.7320 (41.0 - 12.8) + 32.25(6.0 - 1.663)}ur

= 120.4 kips/ft

Ring Shear - Vur

V == ep [A T + 12t (f + f )]ur s y y w ut cr

=.85[0.7320 (19.1) + 32.25(2.593)]

= 82.96 kips/ft

Longitudinal Bending Moment:

Using Fig. 1, from Ref. 39 Part IV , the Ultimate Vertical Load

W = 176 kips. Therefore, the ultimate bending moment for the pipe cross-

section is

WL
Mu =4' where L 14 ft.

M
u

176. x 14.
4

616 k-ft= 7,392,000 Ib-in.
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Rigid Body Twisting Moment, T.
J

At a working pressure of 150 psi

SCHEMATIC DIAGRAM OF
SHEAR FLOW AT A
GASKETED JOINT

FIG.2

R
g

11 w (Jg g gc 0.70(0.75)215 = 112.88 If/lin. in.

D
g

34.5d' R
g

17.25"

T. 2TI(17.25)2 x 112.88 = 211,045 in-lbs.
J

Circumferential Bending Moment (at springline)(*» - M
ur

The distance ~ from the extreme compression fiber of the plastic

compression block (shown shaded in Fig. 3) is determined by equating the

ultimate compressions to the ultimate tensions. The initial prestressing

forces in the wire, and the core and cylinder initial precompression

forces are in equilibrium, and hence only the differences between the

precompression and prestressing forces and the ultimate strength forces

can be used in determining the ultimate bending moment of the ring section.

0.85(f ' - f .) l2au + A f . + A f . = (f. + f .)A + f
Y
.. b Ay 'c c~ c c~ y y~ mur s~ s

(a)

where f mur the differential ultimate stress in the wire, after the initial

prestressing (ksi)

(*) It is assumed that the maximum M moment has the greatest probability
ur

of occurring at the springline.
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See p. 110-111, Part IV for a definition of the other terms.

For strain compatibility, the differential strain in the prestressing

wire at the ultimate moment (see Fig. 3) is:

Eo: = f /28000
us mur

From the differential strain compatibility diagram shown in Fig. 3:

(b)

c
1.875

.003
.003 + Eo:us

(c)

where Sl 0.75 (See ACI 318-71, Sect. 10.2.7, Ref. 6 of Part VI)

c = 1. 33 8u (d)

effective
concrete core
shown shaded

c

(1.87S"'C)

N.A.

1_. 1,2° --1

.steel
cylinder

pres~ressing
wires

STRAIN COMPATIBILITY DIAGRAM

Fig. 3

RING CROSS SECTION ( l' LGTH )
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From (a), (b), (c), (d):

a = 0.927 in.
u

f
mur

157.5
1.33(0.927) - 84.0 43.49, ksi

which satisfies the condition:

f + f . < 293.0 ksi, for f . = 195.5mur s~ - s~

(See Table X, p .113, Part IV).

Hence:

M = <P
b

x T x [a /2 + (1. 875 -a )]ur u u u

where T = f x A = 43.49u mur s
x 0.285 = 12.395 kips

M = 0.90 x 12.395 [0.;27 + (1.875 - 0.927)]
ur

15 . 746k-in/ft
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TABLE I - PCC PIPE

ULTIMATE MATERIAL STRENGTHS

COMPONENT TYPE OF ULTIMATE STRESS
ULTIMATE UNITSSTRENGTH

COMPRESSION - f ' 6.0 ksi
CONCRETE CORE c

SHEAR OR DIAGONAL TENSION - f 930 psit

SPIGOT RING TENSION - f 50.0 ksiuts

BELL RING TENSION - f 52.0 ksi
utb

BENDING - f 33.0* ksi
yb

STEEL CYLINDER TENSION - f 41.0 ksiyt

SHEAR - T 19.1 ksiy

CEMENT MORTAR TENSION - f 300 psi
IN GROUTED JOINT tm

*YIELD STRENGTH
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TABLE n - DAMAGE MATRIX

pce PIPE - 30" DIAM. )( 178" CORE

PIPE CHARACTERISTICS

TYPE OF PIPE STRESS TYPE OF ULTIMATE FORCE
ULTIMATE

UNITS
FORCE

RING COMPRESSION - C 120,400 Ibs./ftur

RING BENDING - M 15,746 in-1bs,tft

CIRCUMFERENTIAL ur

RING SHEAR - V 82,960 Ibs/ft.
ur

RING BURSTING* - P 560.6 psib

LONGITUDINAL COMPRESSION - P 1,762,100 1bs.
EXTENSIONAL uc

LONGITUDINAL TENSION - P 469,800 1bs.
ut

LONGITUDINAL BENDING MOMENT - M 7,392,000 in "'lbs.
TRANSLATIONAL u

VERTICAL OR HORIZONTAL SHEAR - V 323,500 Ibs.
u

TORSIONAL TWISTING MOMENT - T 11,662,000 in-lbs.
u

*DENOTES AN INTERNAL PRESSURE DUE TO HYDROSTATIC FORCES

JOINT CHARACTERISTICS
21132" if; RUBBER GASKET Pw = 150 psi 20' SEGMENT, ,

TYPE OF TYPE OF LEAKAGE FORCE LEAKAGE
UNITSDE FOR MATlON OR DISPLACEMENT FORCE

LONGITUDINAL TENSION - Pit 12,235 Ibs.

EXTENSIONAL LONGITUDINAL COMPRESSION - Pjc
1,281,500 1bs.

MAX. LONGITUDINAL EXTENSION - E 0.375 in.

RIGID BODY ROTATIONAL MOMENT - M. 211,045 in-1bs.
ROTATIONAL J

RIGID BODY ROTATION - e· 0.62 degreesJ

RIGID BODY TWISTING MOMENT - T. 211,045 in-lbs.
TORSIONAL J

RIGID BODY TWIST #5- - ¢. degrees
J





B) 60"PCEC Pipe:

Longitudinal Compression - P
uc

P 532.1 + 5.375(2n x 32.623)(S.0)
uc

5,737.37 kips

Longitudinal Tension - P :
ut

For a 60" PCEC pipe f ' = 5000 psi,
c

fut 12 F; = 848.5 psi

f = 1419 psicr

f + f 848.5 + 1419 = 2267.5 psi
ut cr

45.0
0.0018(28,000)

P = 0.90[11.824(45.0) + 5.375 x 2n(32.623)(0.849) = 1320.7 kipsut

Vertical or Horizontal Shear on Cross-Section - V :
u

V 0.85{11,824 x 19.1 + 5.375 x 2n(32.623)(0.849)}
u

987.1 kips

Torsional Moment of Cross-Section - T :
u

T 0.8S{2n(32.623)2[0.0598(19.1) + S.375(2.268)]}
u

= 75,783.5 in-kips
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Ring Compression - C
ur

f . = n. f . = 5(L788) = 8.940 ksi
yl 1 Cl

C 0.75 {O. 7176(45.0 - 12.516) + 12(5.375) (5.0 - 1.419)}
ur

= 190.7 kips/ft

Ring Shear - V :
ur

V = 0.85[0.7176(19.1) + 64.5(2.268)]ur

= 135.993 kips/ft

Longitudinal Bending Moment M :
u

Using Fig. 1, from Ref. 39, part IV, the Ultimate Vertical Load

W= 860 kips

Therefore: WL
M

u
=~, where L 14 ft.

M = 860 x 14 = 3010. k- ft= 36,120,000 Ib-in.
u 4

Rigid Body Twisting Moment - T.:
J.

SCHEMATIC DIAGRAM OF
SHEAR FLOW AT A
GASKETED JOINT

FIG.4

D = 63.375", R = 31.875"
g g

and T.
J 2TI(31.875)2 x 112.88 =
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Circumferential Bending - M
ur

From the differential strain compatibility diagram shown in Fig. 5,

the equilibrium Eq. (a ' ):

0.85(f I
c f .)12a. + A f . + A f . + E: E A

C1 U C C1 Y y1 yc S Y (f + f .) Amur Sl S
(a ')

and from (b), (c),

on p. 222

and from the condition:

c
4.58

f
mur

.003
.003 + E:

us

384
c
' 72 - 84.0; au = 13

1
C

where 13
1 0.80

f + f . < 293.0;mur Sl -

f < 293.0 - f . (for f . see p.142 , Part IV)mur Sl Slmax

< 293.0 - 185.35 = 107.65 ksi

max. concrete strain r.oo.r

~a-:- au

N.A.

(4.58'- c)

I. ,~,us .I I.

effective
concrete core
shown shaded

12"

steel
cylinder

pre~tressing
wires

STRAIN COMPATIBILITY DIAGRAM

Fig. 5

RING CROSS SECTION (1' LGTH)
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From Ca'), (b), (c) on page 222:

a, = 1.47 in.u

c = 1.25 a = 1.25(1.47)u 1.84 in.

f 384.72 _ 84.0 = 125.37 > f
mur c murmax

Hence f must be used, giving:
murmax

a
= ¢ {A f (4 •.58-c)+[84.0(c-1.47)] A (c-1.47)+0.85(f -f .)l2a x[ 2u +(c-a )]}

b s mur c Y c C1 U U
and M

ur

a = 1. 95
u

in.

M 0.90[60.13(4.58 - 1.84) + 16.89(0.7176)(1.84 - 1.47) + 32.89(1-47)(1.
2
47

ur

200.394 k~in/ft=200,J94 1b-in/ft.
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lABLE,m- PCEC PIPE

ULTIMATE MATERIAL STREN,GTHS
ULTIMATE

UNITSCOMPONENT TYPE OF ULTIMATE STRESS STRENGTH

COHPRESSION - f ' 5.0 ksiCONCRETE CORE c

SHEAR OR DIAGONAL TENSION - f
t 849 psi

SPIGOT RING TENSION - f 50.0 ksi
uts

BELL RING TENSION - f
utb

52.0 ksi

BENDING - f
Vb

33.0": ksi

STEEL CYLINDER TENSION - f 45.0 ksi
yt

SHEAR - "[ 19.1 ksi
y

CEMENT MORTAR TENSION - f 300 psiIN GROUTED JOINT tm

1:YIELD STRENGTH
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TABLE Dr - DAMAGE MATRIX

PCEC PIPE - 60" DIAM. )( 412" CORE

PIPE CHARACTERISTICS

TYPE OF PIPE STRESS TYPE OF ULTIMATE FORCE
ULTIMATE

UNITS
FORCE

RING COMPRESSION - C 190,700 1bs./ftur

RING BENDING - M 200,394 in-1bs/f
CIRCUMFERENTIAL ur

RING SHEAR - V 135,993 lbs/ft.
ur

RING BURSTING* - P 518.4 psi
b

LONGITUDINAL COMPRESSION - P 5,737,370 1bs.
uc

EXTENSIONAL
LONGITUDINAL TENSION - P 1,320,700 1bs.

ut

LONGITUDINAL BENDING MOMENT - M 36,120,000 in-lbs.
TRANSLATIONAL u

VERTICAL OR HORIZONTAL SHEAR - Vu 987,100 1bs.

TORSIONAL TWISTING MOMENT - T 75,783,500 in-1bs.
u

*DENOTES AN INTERNAL PRESSURE DUE TO HYDROSTATIC FORCES

JOINT CHARACTERISTICS
21132" ; RUBBER GASKET pw • 150 psi 20' SEGMENT

TYPE OF TYPE OF LEAKAGE FORCE LEAKAGE
UNITS

DEFORMATION OR DISPLACEMENT FORCE

LONGITUDINAL TENSION - P 22,607 1bs.
jt

EXTENSIONAL LONGITUDINAL COMPRESSION - p. 4,854,800 1bs.
JC

MAX. LONGITUDINAL EXTENSION - E 0.875 in.

RIGID BODY ROTATIONAL MOMENT - M. 720,605 in-lbs.
ROTATIONAL ]

RIGID BODY ROTATION - e 0.79 degrees
j

RIGID BODY TWISTING HOMENT - T. 720,605 in-1bs.
TORSIONAL J

RIGID BODY TWIST -cJ3J- - <P. degrees
J





PART VII

State of the Art

The RC, RCC, RCCP, PCC and PCEC types of concrete pipe for underground

pipelines are currently designed for hoop and bending stresses and for control

of ring ovalizing and cracking due to superimposed loads. The well-known work

of Marston and Spangler at the Engineering Experiment Station at Iowa State

College (see ref. 1 & 2) provided the industry with the needed design procedures

for concrete pipes with rigid and semi-rigid contact pressures distributions,

and have been proven to be reliable in providing conservative designs for

pipes under normal loading conditions of hydrostatic pressure and earth and

traffic loads. However, in the light of current technology, and because of

the need for more realistic pipe models in connection with shock and seismic

loading,a more comprehensive unified and refined approach is needed. Current

procedures depend on a variety of "lumped" parameters rather than on the

fundamental properties of the soil-structure system. Examples of such

parameters are the modulus of soil reaction, which is obtained from tests,

and the settlement ratio,which groups together the relative compressibilities

of the individual components of the system. The determination of the values

for both these parameters involves substantial engineering judgements. The

presently accepted procedures classifies the external pipe pressure distributions

according to three distinct arbitrary categories of pipe rigidity arrived at

empirically, and does not formulate a continuum theory to relate the external

pressure distribution to the actual soil-structure interaction. While a

continuum approach would be more representative of actual field conditions,

its mathematical complexities are not generally tractable in closed form and
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recourse must be made for their solution to numerical methods usually by means

of finite elements. In 1966, Drowsky outlined such an approach (see ref. 3)~nd

in 1967, Brown started to develop finite element programs for both flexible and

rigid culvert under high fills (~ee ref. 4 ).

The development of such numerical procedures, especially the finite element

approach, offers considerable promise for the improvement of buried pipe

analysis and design, as these methods can take in account pipe and joint

or large deformation theory

stiffnesses, non-linearities in the stress-strain diagrams of the materials,

nonhomogeneous soil conditions, non-linear soil behavior, non-linear contact

interfaces and time dependent incremental loadings.

Once a concrete pipe section has been selected for a given bedding and

soil environment, two or three dimensional finite element analysis can be

used to evaluate the stresses and strains in the pipe when it interacts with

a modelled soil environment consisting of a combination of static and/or

dynamic forces.* Finite element solutions may be based on rinear or non-

linear behavior and incorporate either small

(see ref. 5-14).

The linear small deformation theory may be modified to take into account

slippage at the soil-pipe interface and boundary separations in the modelled

soil environment. (See ref. 14). The presence of initial stresses in the pipe

soil interaction model, due to pipe manufacture and installation or change in

soil pore pressures after installation, may also be taken into account.

*For small pipe diameters handling and installation may govern the design.
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The solutions obtained so far by elasticity theory, that were useful in

establishing the basic concepts involved in the analysis, do not provide as

comprehensive a tool as the more versatile finite element method. However, with

greater refinement and more accurate modelling, the cost of the analyses

increases. The limiting contraints of the problem are the solution costs and

the ability to simulate the real environmental conditions. It has now

become economically feasible to provide packaged computer programs that will

analyze common buried concrete pipes for the normal types of loading, (except

seismic or shock loads) in a two-dimensional ring analysis which considers

stresses and deformation in the plane of the pipe ring only. Recently

Katona (see ref. 15) developed the CANDE Computer Program for the Design

of Reinforced Concrete Culverts, which performs a 2-D ring analysis by

elasticity or finite element methods for culvert pipes in a defined linear

or non-linear soil environment. The CANDE program assumes a material with

a trilinear stress-strain curve, which approximates the elastic, initial

yielding, and crushing phases of concrete behavior. An idealized linear

stress-strain model is used for the reinforcing steel. Parmelee and Wenzel

under contract to the American Concrete Pipe Association have developed

recently a two-dimensional finite element program entitled NUPIPE (see ref.l6)

which models half of the symmetrical pipe ring for a reinforced concrete pipe

(type RC only) in a defined soil environment. The NUPIPE program utilizes

an iterative technique to insure deformation compatibility in the soil-pipe

model within the plane of pipe ring (normal to the longitudinal axis of the pipe).
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The finite element used is a quadrilateral that can have non-linear material

properties. For the concrete~the non-linear stress-strain relationship

proposed by Hognestad (see ref. 17 ) has been used. The selection of a finer

finite element mesh in the critical tensile areas of the ring gives exceptionaly good

correlation between the computer model and full scale load tests. Fig.

7A(1) (from ref. 16) shows a simplified version of the typical finite element

grid for the soil-pipe model with the layered elements through the pipe wall

not shown. A more complete detailed representation for the finite element

layered mesh of the modelled pipe wall (for a 3 edge bearing test) is also

shown in Fig. 7A(2). (from ref. 18).

At the time of this writing~ the NUPIPE Program and its Design Manual

have not been released for general use by the American Concrete Pipe Association

(ACPA)as it is in the process of being tested and correlated with actual

field installations.

An example of linear three-dimensional finite element analysis for a steel

pipe-soil system has been given by Allgood and Takahashi of the U.S. Naval

Civil Engineering Laboratories (see ref. 19). Allgood and Takahashi have

analyzed a steel culvert pipe in a soil embankment by modelling a quadrant of

the pipe-soil system (see Fig. 7A(3) from ref. 19). The culvert pipe wus assumed

to be_ empty and the effect of traffic load insignificant in view of the

depth of fill. The results of this culvert analysis a~e reproduced in Fig.

7B(1-4)&7C (from ref. 19). Although this analysis considers only a static
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earth load and one segment of steel pipe, it exemplifies the complexity of the

problem when dealing with both longitudinal and circumferential stresses.

Parmelee has also presented a new design computer method, called

NUDESIGN for the analysis of the pipe ring stresses by means of a mini computer

or programmable pocket cal~ulator (see ref. 20 ). In the ~mDESIGN procedure

the maximum stress resultants at the invert and springline of the pipe are

calculated by means of eight non-dimensional coefficients, which were generated

from the more comprehensive NUPIPE program and take into accou~t the soil-

pipe interaction for the standard types of bedding conditions. At present the

documentation and design manual for NUDESIGN is not available from the ACPA.

The present state of the art offers no comprehensive computer programs

or generally accepted three-dimensional design methods for the analysis and

design of buried water pipes under normal loadings, taking into account soil

structure interaction, actual material properties and methods of construction

(especially at the joints).

Many general purpose shell programs, such as BOSAR, NASTRAN, DANUTA, SAP

and STAGS are useful in analyzing the shell walls without soil interaction.

However, their use requires a great deal of engineering judgement and effort in

order to establish proper boundary conditions and meshes to represent the

real buried pipe.

One of the important aspects of any pipe modelling is the proper representation

of the joint characteristics. Unfortunately, very meager test information exists

about the actual behavior of the gasketed bell-and-spigot type of joint (as installed
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in the field). "Joint Pull Tests" only measure the forces required to make-up

joints with lubricated gaskets and no hydrostatic pressure. No information is

available on pulling joints apart after the gasket lubricant has dried, the joint

has been grouted with cement and is under a normal hydrostatic pressure. The

actual behavior of the confined gaskets in the PCC and PCEC pipes under pressure,

subjected to either longitudinal, transverse, torsional or rotational forces,

is quite complex. Some manufacturers have indicated to W.A. that they have

recently conducted tests on joint behavior, but that they are in the process

of correlating the corresponding data and are not ready to release the results

at the present time.

Considerable search for material on joint behavior indicates that very

limited technical information -on the subj ect is available -in the form 0'£_ pub

lished articles or techniaal reports, because this work is of a proprietary

n~ture and-entails considerable time and effort on the part of the manufacturers.

W.A., therefore, conclude that t-€cSts supported by Federal fund'S· and

conducted by independent university or other laboratories are seriously needed.
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PART VIII

Conclusions and Recommendations:

The design examples shown in this report are based in general on indus

try's conservative approach for normal loadings and represent the design meth

ods used today by the major manufacturers. In investigating more in depth these

procedures, W.A. has become aware of short comings, questionable design assump

tions, and the limited applicability of these methods to concrete pipeline

design for dynamic seismic forces, as they do not reflect to-day's more so

phisticated dynamic technologies. These limitations have been discussed at

length in Part VII. The ultimate interaction curves for the PCC and PCEC pipes

in Part V of this report are only useful in establishing the order of magni

tude of the ultimate superimposed vertical loads for serviceability (leakage),

when the ring forces control the design. The actual ultimate capacity of a

pipe ring section may be significantly different from that given by the interaction

curves, when the pipe may be subjected to two-or-three-dimensional differen-

tial displacements in addition to the normal ring forces. As shown in Part

V, bedding and construction installation conditions can radically effect the

factor of safety and reserve of strength for vertical loads. Hence, the selec

tion of an ambient pipelire environment, may be an important parameter in de

terming the dynamic energy absorbing capacity or ultimate strength of the pipe

prior to leakage or failure. The best approach for establishin~ design crite-

ria for prpelines subject to complex seismic loading conditions can only be

addressed after the general nature of these dynamic forces is understood and

can be quantized. W.A. is investigating this problem at the present time

and has established in this and prior reports a methodology for the assesse

ment of the main paramet~rs reflecting the pipe and joint properties of im

portance in a dynamic study. (For a more comprehensive discussion of the
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cc"~Ccpts and parameters involved, see IR-l, IR-2 and the Future 1,vork proposed

by W.A. to N.S.F.). On the basis of the conclusions above the following re-

comendations are made by W.A. concerning the need of additional work to com

plete the results obtained in lR-3, IR-3a and IR-5:

(a) In view of the common usage of mild steel and cement

asbestos in underground p±pelines, it is advisable to

derive ultimate strength and damage matrices for pipe-

lines made out of these materials, taking into account

the types of joints typical of such. lines.

(b) In order to be able to perform seismic analysis on

general pipelines it is essential to derive ul

timate strength and damage matrices for pipelines

whose segments are not jointed in-line.

(c) In order to fill the gaps in the present know-

ledge of pipeline design it is of practical value to

compile a summary of the more advanced design

methods being considered by researchers at the

present time, which may influence the standard

design procedures adopted in the future by the major

manufacturers.

For a more comprehensive discusion of these recommendations see the Future

Work Proposal of W.A. to N.S.F.
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