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Strength and Dynamic Characteristics
of
Gasket—-Jointed Concrete Water Pipelines
by

R.J. Kratky and M.G. Salvadori

I. §gggg
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:
1. Scope,
IT. Types of concrete pipe aand 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.
VIILI. Conclusions and recommendations.
I¥. Acknowledgements.

X. Bibliography (subdivided by sections).

Since the research based on NSF Grant No. 76 has the fundamental 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



pipe (PCC) and the préstressed 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 some 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 manufacruring 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 "Installaticon of Concrete Pipe'" {AWWA No. M9), and is
here reproduced on pages 3-7.

Of the 6 types mentioned in AWWA No. M9 the "Noncylinder Concrete FPipe,
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 Ceoncrete Pipe = RC

b) Nonprestressed Concrete Cylinder Pipe = RCC
c) Pretensioned 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)
~De
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1, Purpose and Scope

HE last 20 years of the 50-year

history of the concrete pipe in-
dustry 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.

AMany 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 provide 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.

Much 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 Dby manufacturers of
concrete pressure pipe. The members
of AWWA 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-

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-
western parts of the United States, a
tvpe of concrete pressure pipe gener-
ally known as pretensioned concrete
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Fig. 1. Cross Section of Nenprestressed

Concrete Cylinder Pipe and Joint RCC

The concrete both within and outside the

steel cylinder is applied by vertical cast-

ing and vibration. Curing is done by

means of twater or steam, Mortar is
placed after installation,

cylinder pipe has been used extensively
for a number of years. Ancther tyvpe
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.

Mortar, Placed After Installation
High-Tensile
Wire \

Nonprestressed Concrete Cylinder
Pipe RCC

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 pst.

Nonprestressed concrete cylinder
pipe, as manufactured today, consists
of a welded steel sheet or steel plate
cylinder’ with steel joint rings welded
to its ends; a reinforcing cage or cages
of steel rods or bars surrounding the
cylinder; a wall of demse 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

Rubber Gasket

......

PR S SR i =~ aa e S I
e i e et ) e TSt e Al e o
Steel (.jrlinder/ Spigot Ring/ ‘\Concrete Lining \Be" Ring

Fig. 2. Lined-Cylinder Prestressed Concrete Pipe and Joint PCC

The cylinder is lined centrifugally with dense concrete, and high-tensile wire s

wrapped around the steel cxlinder.
coating,

The wrapped core is then covered with a mortar
Joint mortar is placed after installation.



CONCRETE PIPE INSTALLATION

in 12-, 16-, or 20-ft lengths, The
circumferential steel of the cage pro-
vides about 40-80 per cent of the
reinforcement.

Presiressed Concrete Cylindar 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 {t 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

Mortar, Placed Concrete Coating Tension-Wound
Alter installation Tircurmferential Wire
: . i PO N b
T o o,
C- AR
St o Ao e e .
AN A i NS~ R TR U e
B ; s -\‘5.“‘0",“*6‘_.-' ‘o'.‘A'.'A'O" ’
SRR Oy e - I WD
Spigot Ring/ / Rubber Gasket! ™ _ Mortar, Placed  \, Steel
After installation Cylinder

Bell Ring

Fig. 8.

Embedded-Cylinder Prestressed Concrete Pipe and Joint PCEC

In this type of pipe, the tension-wound wire, instead of being wrapped around the
steel, is wrapped 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 of the concrete core that ¢on-
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 Coating
Steal Cylinder

Rubber Gaskety %y b

cement mortar 0.5 in. thick on 16-in
and smaller pipe, and 0.75 in, thick
on 18-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) fis
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 {t long and lighter in weight than

inside of Pipe -

Cement Mortar -

*_Mortar Pointing

Fig. 4. Pretensioned Concrete Cylinder Pipe and Jojnt RCCP

Althowah similar to lincd-cvlinder prestressed concrete pipe (Fig, 2), prelensioned

concrete cylinder pipe is lighter and less costlv.

It is not as rigid as the former kind

of pipe and is used primarily ir places where it is not likely {o undergo extreme
exiernal loads.

for pipe designed for comparatively
high pressures,

Pretensicned Concrete Cylinder
Eipe 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 cther 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

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-
ased in providing proper bedding and
backfill, particularly with sizes greater
than 36 in. ID. These are important
factors in developing the full external-
load carrying capacities of this type
of pipe.

Nonevinder Concrete Pipe, Nonpre
stressed - RC

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 internal pressures are
greater than about 43 psi. It is made
with a rubber and steel 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. I‘;gure 5 shows a sec-
tion of this type of pipe with two re-
inforcing cages and a rubber and steel
joint,

Circumferentiaf Longitudinat
Reinforcement ) Rbmforc"rnent

Mortar, Placed After lnstallatilo? Rubber Gasket
( 7

"'o:

Steel B’"d/ / Martar, Placed f Ngelt Ring

Spigoet Ring Afler Installation

Fig. 5. Noncylinder Nonprestressed
Concrete Pipe and Joint—~RC

The pipe shown has two reinforcing

cages, although the number of cages may

vory. The joint mav also be formed by

6 concrete bell anu spigot, but the use
of steel is more common,

Noncylinder Concrete  Pipe, Pre-
stressed — PC

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 noncylinder
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 aud effort in research
toward development of an acceptable
noncylinder prestressed pipe that can
be manufactured economically.






RC-REINFORCED CONCRETE PRESSURE PIPE

T Vs mecaness

Lm PAE DIAMETER

MONTAR PLACED AFTEN nsut.u‘wn'—J
¥ REQURED

JOINT DETAILS

FIG. 6
NOMINAL INSIDE | NOMINAL WALL | NOMINAL STANDARD | NORMAL MAXIMUM WEIGHT
DIAMETER THICKNESS LENGTH OPERATING HEAD PER FOOT |
24" 312 18’ 60" 340 Ibs.
30" 312 18" 80’ 420 Ibs,
36" 4" 167 65’ 565 Ibs.
42" 4-1/2" 16 70 | 730 ibs,
48" 5 16’ 75’ 920 ibs.
64" 5-1/2" 16° 85 1130 Ibs.
60" g 16° 90’ 1360 lbs.
66" 6-1/2” 167 85’ 1615 Ibs,
78" 7-1/2" 16° 110’ 2180 lbs.
84~ 8" 16° 115° 2500 Ibs,
80" 8-3/4” 18 115° 3020 ibs.
96" 9~ 15 120° 3200 Ibs,
102" 9-1/2” 16" 120 3585 Ibs.
108" 10 16’ 120° 3960 lbs.
120" 10" 16 1207 4385 Ibs.
1267 10-1/2" 16’ 120° 4830 Ibs,
1327 L 16’ 120 5300 tbs.
144" 127 : 16" 120° 6300 lbs.
186" 13" 10 120° 7420 Ibs,

TABLE FOR GENERAL AVAILABILITY OF PIPE PARAMETERS

TABLE I (From Ref, 2)

'
- —






RCC~ REINFORCED CONCRETE CYLINDER PIPE
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Mortar placed after installation
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Rubber gasket

JOINT DETAIL

FIG. 7

AWWA C300 PIPE REQUIREMENTS

_AND WEIGHTS FOR RCC PIPE

MINIMUM

THICKNESS

PIPE ID
{in.)

TOTAL
PIPE WALL (

CONCRETE

in)| LINING (in.}

WEIGHT
PER FOQOT

24

3%

1

349

30

3%

1

421

36

4

1

567

42

4%

1

734

48

5

14

931

54

5%

1%

1141

60

6

1

1373

66

6%

1%

1637

72

7

1'%

1912

78

7h

1

2208

84

1%

2526

90

1%

2699

96

13%

3048

TABLE O

(From

Ref. 1, Part III)

Nominal _J
plpe diamaeter

G-






RCCP- REINFORCED CONCRETE CYLINDER PRETENSIONED PIPE

Pretensioned Rods

Flex protex

during instaifation

or mortar pisced

I

Coating
. B ‘%] thickness
I'A\ - e S SSSSS - —-—T
..... . . o . .'_" Core
B PRSI M/ V- WS SR oSl l ] hickness
....... L PR A | R A g 2 '
Steel spigot ring \ : .
/ l / 3‘: ;t‘a.r"?.f::.:: Zatl"'earrx':slg:’;::t?l"uquircd tg;:’,wa‘.‘,’""
Steel beit ring
P . Creep
gn Jaoint
depth
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 a2
Cylinder Outside Dia. (inches) | 13%] 15% | 17%] 19%!| 21%| 22 25%| 284 | 31%) 3a%,] 37%| 40%} 437%
100 psi
AT linches?/Foot) 099 | 099 | 089 [ 107 | 107 ] 107 | 114 | 117 | 120 [ 124 | 144 | 143 | 169
Cylinder € Uriches) 0.060] 0.060| 0.060} 0.067 | 0.067] 0.067| 0.075| 0.075] 0.075] 0.075| 0.090] 0.090| 0.108
- Wire or Bar Diameter (Inches) | 0.207| 0.207 | ©.207] 0207 | 0.207| 0.207| 0207 0.207 | 0.207| 0.207 | 0.250{ 0.250] 0.250
Bell t {Inches) 0.132} 0132 0.132| 0.190 | 0.190| 0.190] 0.19¢) 0.190 | 0.190] 0.190| 0.190} 0.190] 0.190
Pipe Weight (Pound/Foot} 85 | 90 105 {135 { 150 | 155 | 175 [ 200 | 225 {245 | 270 | 300 { 320
150 psi 12 | 14 16 | 18 20 | 7 24 | 27 30 | 33 36 | 39 42
AT {Inches2/Foot) 099 (099 { 099 [167 | 118 124 | 139 | 156 { 1.73 | 189 | 205 | 222 | 238
Cylinder t {Inches) 0.060{ 0.060| 0.060| 0.067 | 0.067| 0.067| 0.075| 0.075| 0.106| 0.106 | 0.106| 0.108| 0.140
Wire or Bar Diameter {Inches} | 0.207| 0.207 | 0207 0.207 | 0.207| 0.250| 0.250| 0.313 | 0.250| 0.313{ 0.375| 0.375{ 0.375
"Bell t {inches) 0.132] 0.132| 0.132} 0.180 0.190} 0.190( o.t90] 0.190 | 0.190{ 0.190] 0.190] 0.1%0{ 0.190
Pipe Weight (Pound/Foot) 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 | a9 42
AT linches2/Faot) 099 | 1.10 | 126 1143 | 157} 165 | 186 | 208 | 230 | 252 | 274 | 2968 | 3.7
Cylinder t (Inchesi 0.060| 0.060| 0.060] 0.067 | 0.075| 0.075| 0.108| 0.106 | o.106] 0.140| 0.140} 0.120} 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 {Inches) 0.132| 0.132 | 0.132} 0.190| 0.190] 0.190| 0.190} 0.190] 0.190} 0.190| o0.190] 6.190] 0.190
_Pipe Weight {Pound/Foot) 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 a2
"AT {Inches2/Foot) 121 {138 | 157 [ 178 | 196 | 205 | 232 {259 | 288 | 3.14 | 341 | 368 | 396
“Cylinder t {inches) 0.060!| 0.067 | 0.075] 0.106{ 0.106( 0.106 | 0.140( 0.140 | 0.146] 0170 D.170] 0.180| 60.180
Wire or Bar Diameter {Inches} | 0.250] 0.313 | 0.313] 0.313 | 0.313| 0.375| 0313} 0.375 | 0433 0438 | 0500} 0.500 | 0.500
Belt t {inches) 0.132| 0.132 | 0.132] 0.190 | 0.190] 0.190 ] 0.190( 0.190 | 0.190| 0.190 | 0.250| 0.250 | 0250
Pipe Weight (Pound/Foot) 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 (Inches2/Foot) 145 | 165 | 187 |2.14 | 235 1 246 | 278 [ 311 | 344 {377 | a0 ]a42 | 475
Cylinder t {Inches) 0067 0.075 | 0.106 { 0.106 | 0.140| 0.140 | 0.140] 0.170 | 0.170} 0.180 | 0.212 | 0.212 | 0212
Wire or Bar Diameter (inches} | 0.313] 0.313 | 0.313]0.375 | 0.375} 0.375 | 043381 0.438 | 0500} 0.500 | 0.500 | 0.500 | 0.500
Bell t (Inches} 0.132| 0.132 { 0.132{0.190 | 0.790] 0,190 | 0.190{ 0.190 | 0.250 | 0.250 | 0.250 | 0.25¢ | ©.250
Pips Weight {Pound/Foot) 95 [105 | 125 |55 | 175 {190 | 215 |2558 {205 |340 | 380 [410 | 440
TABLE II (From Ref. 6) -0~







PCC - PRESTRESSED

CONCRETE CYLINDER PIPE

X PROTEX OR MORTAR PLACED

FLE)
DURING INSTALLATION

-y
- -

STEEL CYLINDEW

MORTAN #LACED ‘FTER/
QURED

A
NSTALLATION # RE

JOINT DETAILS

MOWMRAL PPE DLAMETER—~

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 20 148
20 1-1/4 13/16 16 or 20 170
24 1-1/2 13/16 16or 20 225
27 1-11/16 13/15 16 or 20 270
30 1-7/8 13/16 16 or 20 325
36 2-1/4 13/18 16 or 20 430
42 2-5/8 13/16 16 0r 20 6556
48 3 13/16 16 or 20 700
54 33/8 13/16 18 0r 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 of individual plant capabilities.

TABLE IV
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PCEC- PRESTRESSED CONCRETE EMBEDDED CYLINDER PIPE

/-STEEL smGOT AmG

CONCRETE OR MORTAR
/ CEATING

“—STEEL CYLINOEM

r~HIGH TENSILE WiRE

STEEL SELL RING

TAR PLACED AFTER
NSTALLATION

rusesR casn:r-/ NOMINAL PPE DA~
LT Prtante
CINT CETAILS
F1Gc. 10
Minimum | Nominal Standard Cores D/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 13/16 2-1/4 300

30 16 0or 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 6555
48 16 or 20 13/16 3 700 3 700
54 16 or 20 13/16 4 085 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 1216
72 16 or 20 13/16 1-1/2 5-1/2 1700 1885 4-1/2 1420
78 16or 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
80 16 or 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 2680
108 160r 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 7-2/8 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 ¥

(From Ref. 2)
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characteristics of the most commonly used 5 types of standard pipe described

in IT1.1 - 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 apd prestressed concrete \
pipe. The data in this table cover: design pressures, diamgters, 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 H, B and the projection ratio p in these tables are defined in
C

Figs. 12 and 13, and T4 is the settlement ratio!

S
r = (Sm + Tg) - S¢ + dc)

sd Sm
Sm = gettlement of the adjacent soil of height p B o
Sg = gettlement of natural ground or compacted f£ill, surface adjacent to pipe,
Sf = gettlement of the pipe into its bedding foundation,
dc = deflection of the vertical height of pipe,

B o = outside diameter of pipe,
{see Ref, 1 Concrete Pipe Design Manual, American Concrete Pipe Associatiom,

Feb., 1974).

~13-






(AT 31Bd ‘GE °39Y woayg)

TIT °*DId
T
~
}
Busjoelosd sa1sod 81 UNPLOd agImiaylo ‘i peainbas uiylim Pg @\
d sSsSv1o a¥o‘a‘'v sassvid axo‘s'v mmm.mcio
SONIAQ38 . SONIaa39 AINIWHINVENIT SONIGA38 HON3YL
b jelel-]
punosb
jesnjeu doy
S o\ il >
L LI i) s
* 7 punoss /. . jesmyeu doy P
i pa13edwes , ©teiniey doy s Sl S
orjonsysucd abers’ .feimeu doy ) e . - "...L.v Lo
N A A fiyoeg fitnoeg Hunoeg
yuawueqwa jusauwjueqwa Juawjueqwa awyjueqwa punoiB punoib punoif
jeinjeu doy doy do] doy doy feinjeu doy teinjeu doj ‘teinjeu dojy
HON3HL ONILO3roYd ONILO3roYd ONILDIFOYd
123443dNWt 3AILVYO3N od3z JALLISOd
TINNNL INIWMNVYENI @:ozwm._.

SLINANOD NO SOVO1 40 NOILVYNIWHILl3Q
404 SNOILIONOD NOILONHYLISNOD 40 NOILVIIJIISSVD







TRENCH BEDDINGS

CLASS A
Reinforced A,= 1.0% Ly = 4.8
Reinforced A, 0.4% L§ = 3.4
tain Li=2.8
Be +8¥ min B + 8" min.
1-1/4 B, 1-1/4 B8,
-y %.’ 178 g
" min, 1 H— y
AN 1- 6" min, \.. 1‘{:“?“.
= ]
Densely At Plain or Reinforced NI
pacted Gt Concrete 2000 psi miny ¥
Backfill YT . A=
M. “
2 ﬁ
- N ]
1/4 B, v N q Compacted
\Q 7 2 N\ Granular Materiol
e o = 7
PN AP PN /77 4 N %
CONCRETE CRADLE
CLASS B
. Lg= L9 I :
7z é A 7 RO A E 4
R . g
; R s -‘"-"lg'——_ Dansely o e
§ S <L -F Compacted o :
N- S Backfill REPS :
N e —
2. ) ] 2
a- - 4 3
§: . J N
5 p 1> Compocted .
Fine Granular s LN Grangler Material
Fill Material ‘ A IR §
7 ZANNN] ZN

-

SHAPED SUBGRADE WITH
GRANULAR FOUNDATION

1/8 H—
&" min.
SHAPED SUBGRADE
CLASS D
2 Li=11" z

1/8 H—]
&" min,

Loose

Bockfill

FLAT SUBGRADE

RN

o

N

GRANULAR FOUNDATION

CLASS C

L= 1.5 =
b PV~ ".’._g
/;/ e .7 ;B P——1/8 H
g . PRI & min.
Z

Lightly Q

Compacted ™

Backfill ———— 3% -

I

AN

N
%M’/)\\\v//o\\v

Compactred Granular

- Material or
1/6 B, § Densely Compacted
4 —4 &_'-_s‘o;'.::_,_j 'r_,,’: Backfifl
A NN
GRANULAR FOUNDATION
Legend Depth of Bedding

B, = outside diameter

Marsrial Balow Pipe

H = backfill cover above top of pips

D = inside diameter

d = depth of badding marerial
below pipe

Ay = orea of tronsverse steel in the
cradle or orch expressed o3 o

o d (min.)
27" & smaller 3
307 1o 60" 4
66" & larger &'

percentage of areo of concrets
at invert of crown.

FIG. 12 (From Ref. 12)







EMBANKMENT BEDDINGS

(FOR LOAD FACTOR Lg SEE TABLES YI & Y)

ROCK OR OTHER NONCOMPRESSIBLE FOUNDA-
TION ~ Trench & Embonkment beddings where ledge
rock, rocky or gravelly soil, hard pan or other unyielding
foundation material is encountered, the hard unyielding
material shali be excavated below the elavation of the
concrete credle (Closs A} or the bottom of the pipe or
pipe bell (Class B & C Beddings) for a depth of at least
6 inches or % inch for eoch foot of fill over the top of the
pipe, whichever is greater, byt not more thon 3 the nominal
diometor of the pipe. For Class D Bedding, the depth
shall be 6 inches., The width of the excavation shall
be one foot greater than the eutside diameter of the pipe.
The excavation shall be refilfad with selected fine
compressible material, such as silty clay or loam, lightly
¢ompacted and shaped as required for the specified
class of bedding.

CLASS A

Ll
——0B_t 8 min, —=

Ly 8,

% D Min.

CONCRETE CRADLE

CLASS B
fe 1.25 B, min, =/ 3
Ig —_— [}
Compacted n @ g
o) K o I E
) a
i : 4
? 4 ‘3R 7 Compacted
Fine Granular ¢ Granular
Fill Matericl Material
2* Minimum
SHAPED SUBGRADE WiTH GRANULAR
GRANULAR FOUNDATION FOUNDATION
CLASS C
r-i— 1.25 B_ min. —_—
‘:’7//,(1 WAL
176 B_ mine— 7] -
c § . (C_;ompc;cted
g ranular
d:_%/ Material or
gensely 4
N +
SHAPED SUBGRADE GRANULAR FOUNDATION Bachfill
CLASS D
Legend Depth of Bedding
Muoterial Below Pipe
Bc = outside diometer o d (min.)
H = fill cover above top of pipe 27" & smoller 3
D = inside diometer 30" 14 60" 4
d = depth of beddi i ] "
Lo i il Wt |8

FLAT SUBGRADE

FIG 13 (From Ref. 12)

-16-






Lg—LOAD FACTORS FOR CIRCULAR PIPE
POSITIVE PROJECTING EMBANKMENT INSTALLATIONS

H CLASS A CLASS B
B, BEDDING BEDDING
p=09
rep=0] 01 | 03 | 05 | 10 lrep=0] 01 103 | 05 [ Lo
0.5 11.26 8.87 8.37 8.87 8.87 4.19 3.82 3.81 3.81 3.81
10 6.61 58.37 537 5.37 537 3.34 3.00 300 3.00 300
15 ] 581 | 483 | 447 | 447 {447 | 313 | 283 |2n| 2n | an
20 | 548 |[-a49 | 435 | 419 | 419 | 303 | 277 | 267} 261 | 261
30| 518 | 450 | 421 | 406 | 388 | 23¢ | 272 | 262 | 256 | 250
50 | 497 | 437 | 411! 397 | 381 | 288 | 267 | 258 | 252 | 246
100 | 48 | 428 | 406 390 | 376 | 283 | 264 | 255 | 250 | 244
150 | 477 | 425 401 | 388 { 374 | 28 | 263 | 254 | 249 | 243
p-0.7
rsgp=0101 | 03 [ 065 |10 [rep=0i01 {03 |05 [10
05 | 752 | 654 | 654 | 654 | 658 | 300 | 288 | 2.88 | 287 | 287
10 ] 561 | 479 | 479 | 479 | 479 | 273 | 258 | 258 | 258 | 258
15 517 4.46 413 4.18 419 265 2.50 244 244 244
20 | 498 | 435 | 411 399 | 398 | 261 | 248 | 242 | 239 | 239
30 ] 480 | 425 | 402 ) 390 | 375 | 258 | 245 | 240 | 235 | 2.32
561 466 | 418 | 395| 38 | 370 | 255 | 243 | 238 235 | 231
100 | 457 | 412 | 381 | 379 | 366 | 253 | 242 | 236 233 | 230
150 | 453 | 409 {389 | 377 | 365 | 252 | 241 | 2361 233 | 229
_ p=05
rap=0 | 01 |03 | 05 |16 Jrap=0] 01 |03 | 05 | 10
05 | 488 | 458 | 455 | 455 | 455 | 237 | 233 | 233 233 | 2.33
10| 433 | 397|397 | 397 | 397 | 231 | 225 | 225 225 | 225
15| 418 | 383 1{ 368 | 368 {368 | 228 | 223 | 220 220 | 220
20| 411 | 379 | 365 358 | 358 | 227 | 222 | 220 | 219 | 218
30 | 404 | 375 | 362 354 {345 | 226 | 222 [ 219 218 | 216
50| 399 | 372|388 |35 |343 | 226 | 221 {219 217 | 215
100 395 | 369 | 356 | 349 | 341 | 225 | 220 | 218 | 217 | 215
150 | 394 | 368 | 356 | 348 | 340 | 225 | 220 | 218 | 217 | 215
p=03
rap=0 101 |03 {05 [10 [rgp=0101 03 |05 |10
05 | 349 | 341 | 341 | 341 | 341 | 201 | 210 | 210 | 210 | 210
10{ 340 | 328|328 328 |328 | 210 | 208 | 208 | 208 | 208
15§ 337 | 325|320 320 | 320 | 200 | 208 | 207 [ 207 | 207
20 335 324 3.20 316 3.16 2.09 2.08 207 2.07 207
30} 338 1323 )318)315 311 | 209 | 208207} 207 1206
so | 333 | 322|317 314 | 311 | 209 | 208 | 207 207 | 206
106 | 332 | 322317314 310 ]| 200 | 208|207 207 | 206
150 | 332 | 322|317 318 {310 ] 209 | 208 | 207 | 207 | 206
ZERO PROJECTING
283 202

-17-
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Lg— LOAD FACTORS FOR CIRCULAR PIPE
POSITIVE PROJECTING EMBANKMENT INSTALLATIONS

H CLASS C CLASS D
B, BEDDING BEDDING
p=09
rsap=01 01 |03 [ 05 | 10 Jreap=01f01 {03 |os |10
0.5 3.01 282 | 282 | 282.] 282 151 146 | 146 | 146 | 146
1.0 255 235 { 235 | 235 235 1.39 133 | 133 | 133 | 133
15 242 2261 216 216 | 216 1.35 1291 w27 | 127 | 127
20 237 220 1 214 210} 210 1.33 128 | 126 | 128 | 124
30 231 217 | 210 | 207 | 202 131 127 | 124 | 123 | 122
5.0 227 204 | 208 | 2081 200 1.30 126 | 124 | 122 | 1.2
10.0 224 212 | 206 | 203 199 1.29 125 12312} 120
15.0 223 210 | 205 2021 198 1.29 125 | 123 121 ] 120
p =07
rp=01 01 103 | 05 | 10 | rsap=0]01 ! 03 |05 |10
05 235 227 | 227 227 227 1.33 130 | 130 | 130 | 136
1.0 2.18 208 | 208 ) 208 208 127 124 | 124 | 124 | 128
15 2.13 203§ 199 | 199 | 199 1.25 122 | 120 | 120 | 120
20 2.10 201 | 197 ] 1951 195 1.24 121 | 120 | 119 § 119
3.0 2.08 200 | 196 194 | 191 1.24 t21 | n1s | 118 | 117
5.0 206 198 | 1951 193 | 180 1.23 120 | 119 | 118 | 117
10.0 205 198 | 194 ] 1921 188 1.22 120 | ti8 | 118 | 117
15.0 2.04 197 | 194 | 181 189 1.22 120 | 118 | 118 § 117
pP=05
tap=0] 01 103 | 05 [ 16 [ rep=0 {01 [03 {05 {10
05 193 19219z | 162 192 118 118 | 1.18 | 1.18 | 118
10 1.90 18 | 186 | 186 | 1.86 117 116 | 116 | L6 | 116
15 1.88 185 | 183 | 183} 183 116 115 | 114 | 114 | 114
20 1.88 184 | 183} 182 | 182 1.16 115 | 114 | 114 § 114
30 1.87 1.84 1.82 181 1.80 116 1.15 1.14 1.14 | LI3
50 1.86 183 { 1821 181 | 180 116 114 | 114 1133 ¢ 113
10.0 1.86 183 1 181 { 180 179 115 1140 114 | 113 | 113
150 1.36 183 | 181 | 180} 179 1.15 134 | 114 | 113 ] 113
p= 0.3
rsap=0] 01 ] 03 | 05 | 10 | rep=0 {01 |03 o5 |10
05 1.76 176 | 176 | 1.76 | 1.76 112 T11 | LIl | LI | LI
1.0 1.76 175 | 175§ 1751 178 111 111§ LI | Lo oLLl
15 175 174 | 174 174 | 174 111 Lt ] u | |
20 L75 1L74 1.74 1.74 1.74 1.1l 111 | L1I 111 111
3.0 1.75 174 | 174} 173 173 111 IRV IS VR R RS
5.0 1.75 174 {174 ] 1737 173 1.1 111 | L1111 i
16.0 1.75 174 | 174} 1731 173 11 Lit 111§ on1e L0
150 1.75 174 | 1744 1734 L73 111 L1 | L1110 | 130
ZERO PROJECTING
1.76 L1 .

TABLE TI
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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 I1.6 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. 13A.

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 ¢ylinder 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 slite 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. Tabhle VIII and
Fig. 17 give the maximum joint oPeﬁing 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-






8" wide burlap diaper
with strapping and
mastic sealing lining

$q. head bolts

Mortar placed after
instaliation

One coat of mastic

Steel bell ring

One coat of mastic
primer {shop applied)

High tensile wire

primer (shop applied)

Coating -

- :
L. Steel cylinder Nominal —
diameter

\ / Motar placed after
Steel spigot ring —— ;ntatiation on diameters

24”7 and larger if required

TYPICAL DETAIL OF BELL - BOLT
FLEXIBLE TIED JOINT

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 in laying lengths. Pipe
branches and outlets may be designed for
jointing with pipe and fittings of other
materials.

-20-
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The Bell-Bolt 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.






.LONGITUDINAL_ RUBBER_

BARS FGIASKET
.QQAI__GHN

WiRE

~CONCRETE
CORE WITH
STEEL CYLINDER

PRESTRESSED CONCRETE PIPE _FLARED BELL TYPE JOINT

FIG. 14
RUBBER
1 RBUBBER_
ME‘A{%ME’AL GASKET
COATING
_WRAPPING _
WIRE
{fapmemince
[y
CONCRETE
CORE WITH

STEEL CYLINDER

PRESTRESSED CONCRETE PIPE FLUSH BELL TYPE JOINT

FIG. 15
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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 heorizontal 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 intermal cylinder-wall while sound and cement tend to
accunulate 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.

-22-






TYPICAL BELL AND SPIGOT DETAILS

FOR PCC AND PCEC PIPES

Cement mortar caafmg)

:Cemenr grout, poured in field

~ Wire wrap (one layer option shown)
._.-.:......-. L . ,: .‘ ,..'.,...:'__‘....‘,..-.,:..:.......,.._......'... S::: ‘S
I AN R 7~ T @@0@@@@0@@ ~
. e - . . . . - - . - -
. J ., . -] . . fa] . o o . - a

L. - _0'0- . D:sfanceA 0 ‘0 "g. @ 9, -

A 0 . ..k J - et : . . .
IR I 5 g [Sizedbellrmg- . P -o‘* ?;
O R, D iy - o 0. ? e 0| £
RPN . i : Vo \ o
T4 f P AP T AR N AT Yy ey | \\\\ \\\\\wzsi S $

o . Ite . . . Q:

Ao 5’“’" 59‘9"’ "”79- Rubber gosket” g .} . S

cornegie shape 2, e P ] . Q

. - - . 'o s * . .

.. ctr gqsw'val.enfo A a. N
\.Cement mortar, ploced in field o
]|
S
S
JOINT DETAIL
FI1G. 16
r—
i- 3
- l- » t]
‘?;muA —__4% { % ¥-
Beil Ring, see toble for thickness (D - . 1 I P
'-L T T I t./i Ropror [ -f-. i | IS T
T Y NSk — e sl A A Y . i T
LTI L B N e B B
Spiget ring Cornegis shape N J e tye
M-3516 or equivalent ks‘z Rubber Wp L by )
L0.0f Bell Ring——. ¥ i 2 -t
4

BELL & SPIGOT RING ASSEMBLY

CARNEGIE SHAPE

DETAIL

FIG. 16A

—93—

M- 3516 SPIGOT

FIG. 16B






See Joint

Detail Below

PERMISSIBLE JOINT OPENINGS AND MOVEMENT

FOR _PGC AND PCECG PIPES

K——- Joint opening

RN [ sl IR S

~—Ptemi— Closed joint (No creep)

TYPICAL SECTION THRU JOINT

Joint depth  —

i E* |-

_'- E K .f a @ i o

a0 et

e e e N

L . K 2
Joint opening —e] ot

JOINT DETAIL

All dimensions Iin inches

Type o deeth | ooenng | E
PCC 16-30 3% Y Vs
PCC 36 3% % Yz
PCC 42 3% ¥s Ya
PCEC 42 4% E 3 18
PCC 48 3%a 1 Ya
PCEC 418 4Vs 1 1

! 54 4% 1% 78
60 4% 1Va s

66 4% 1% Ya

72 4%z 12 Vs

78 4% 1V2 s

84 4% 1% e

80 5 1%a 1

96 5% 1% 1Ve

102 4% 1% Ya

108 6 1% 1Ye

114 6 1% 1%a

120 6 1% 1%

126 6 1% 1%a

132 6 1% 1Ye

| 138 6 1% 1Y
PCEC 144 6 1% 1Va

24

*E »== Maximum additronal watertight extensiolity

high pressure service

** o Maximum recommended for layout purpases

TABLE T

FIG. 17 (From Ref. 2)







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.

IIT. SPECIFICATIONS

The specifications for the manufacture of the 5 types of pipe described in
Section II.l are contained in AWWA Standards C-300, C-301, 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-spigoet ring material properties. Essential design
information from the AWWA Standards C-~300, C-301, €-302, and.C-303, ahd the BuRec

Standard for RC pipes are reproduced in Appendix B.
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PART IO

APPENDIX A"
Specifications

PART II
SUBDIVISION
RC e 1
RCC & e _ 2
RCCP_ e - 3
PCC oo e & 4
PCEC o e meee e 5
STEEL FITTING cc oo 6
THREE EDGE
BEARING aAstm cd97 ____7
BELL AND

SPIGOT RINGS Azag?zgoe_ -8 &9
BELL RING AsTM As70_...10
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PARTTIL 1 RC

SPECIFICATIONS FOR REINFORCED CONCRETE PRESSURE
PIPE WITH RUBBER AND STEEL JOINT

Produced According to
AWWA Standard C-302*

TYPE OF PIPE

The pipe shall be of the type known as Reinforced Concrete
Pressure Pipe, It shall be reinfarced with a cage or cages formed of
circumferential and longitudinal steel. Steel joint rings shall be
located at its ends and shall be sacurely anchored in the pipe. The
steel structure shall be completely encased with dense concrete,
Each pipe shatl 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.

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 iengths, as
required.

The pipe shall be round and true. The average internal diamater
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 3/38" for 42
and 48"; by more than 1/2’ for 54'' 10 78'*; nor by more than 3/4"
for 84" or larger.

PIPE DESIGN

The circumfrential reinforcement shall consist of one or more
cagas whose configuration shalf conform to the requirements shown
in “Reinforced Concrete Pressure Pipe - Noncylinder Type, for
Water and Other Liguids”, AWWA Standard C-302. The cross-
sectional area of the circumferential stee! reinforcement to resist
internal pressure only shall be no less than the maximum deter-
mined from equations (1) and {2}.

e D
Ay 16,500-75P,, m
6lp +P)D

A, = 16,500 2

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

P w - Working pressure, psi
I’t - Transient pressure, psi
D = inside diameter of pipe, inches

The pipe shall also be designed to resist the flexural and axiai
stresses produced by the cambined effect of intarnal pressure and
externat 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 Brain, and
Sewer Pipe,”” ASTM Designation C-76 or with ‘Specification for
Reinforced Concrete D-Load Culbvert, 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 equally between the two cages, except that, when welded
fabric is used, any extra iongitudinals may all be placed in one cage.

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 settiement. Each length
»f nina shall be provided with bell and spigot ends formed by steel

- vings securely fastened in the pipe wali. The spigot ring shall be
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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. The joint surfaces shali 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 shail conform to “Specifica-
tions for Hot-Rolled Carbon-Steel Sheets and Strip, Structural Qua-
lity”, Grade C, ASTM Designation A-570.

Steet 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 seating the joint shaill 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 feast five
years’ experience in the manufacture of rubber gaskets for pipe
joints. The gasket shall be a2 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 smoath
surfaces free from pitting, blisters, porosity and other imperfectians.
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. PSt c e viveineaerierearaeae-q. 3000

Elongation at rupture, min, pereent . . vvvvvversovars. . 425
Compression set, max.percent ....... etesnancenass 20
Accelerated aging

Tensile strength retained, min, percent of original ., ... 85

Elongation retained, min. percent of original ......... 80
Water absorption

Volume and weight increase, max. percent . .......... 5
Durometer hardness, points . ....... Ceeiseraaeen ... 605

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

**Tension Tasting of Vulcanized Rub-
ber”, ASTM Designation D412

Tensile Strangth

Elongation ‘“Tension Testing of Vulcanized Rub-
ber”, ASTM Designation D412

Compression Set “Compression Set of Vulcanized Rub-
ber'’, ASTM Designation D-395, Method
B, age 22 hours at 70°C

Accelorated Aging ““Oven Test for Aging of Rubber”,

ASTM Designation D-573, age 96 hours
at 70°¢

“Change in Properties of Elastomeric
Vulcanizates Resulting from Immersion
in Liquids™, ASTM Designation D-471,
age 48 hours at 70°C

“Indentation Hardness of Rubber and
Plastics by Means of a Durometer™, Type
A, ASTM Designation D-2240

STEEL REINFORCEMENT

The steel reinforcement shall be made of deformed bars or plain
wire conforming to the requirements of *‘Specifications for Duform-
ed Billet-Steet Bars for Concrete Reinforcement’, Structural Grade,
ASTM Designation A-61%, “Specifications tor Cold-Drawn Steel

Water Absorption

Durometer Hardness
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Wire for Concrete Reinforcement™, ASTM Designation A-82 or
“Specifications far Welded Steel Wire Fabric for Concrete Rein-
forcement”, ASTM Designation A-185,

CONCRETE

Cement shali 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 loam or oraganic 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
cament, sand and crushed stane or erushed or uncrushed grave!l
gccurately proportioned for maximum density and specified
strength. In no case shall the cement content be less than 564 [bs. {6
bags} per cubic yard in the finished product.

The concrets shall be placed in steel molds so constructed that
the inner and outer forms, joint rings and reinforcement shall be
held in circular and congentric 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, 1t 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 8" x 12" companion
cylinders molded in accordance with the *'Standard Method for
Making and Curing Concrete Compression and Fiexure 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 0 the
requiremnents 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 40°F. Adeguate 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 110°F and not more than 150°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 suffi-
cient to remove the forms or supporting rings. The forms shaill 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 ba ‘"tipped’ from their bases and removed to
the storage yard, where they shalt be kept continuousiy moist by
intermittent spraying for a period of at feast 5 days.

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

CURVES AND FITTINGS

Curves of long radius may be formed by the deftection of sach
joint, by the use of pipe on which the spigot joint rings are placed
on a bevel or by bevel adapters. Fittings shall be designad 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 vatves 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 adaspters shall be provided where
.required 10 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 quelity, are designed 0
meet the following tests:

Infiltration...75 galions 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

Smalt 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 “AWWA'’ shall mean the Ameri-
c€an Water Works Association, When specific specifications
are cited, the designation shall be construed to refer to the
latest revision.

*At the time of publication of this specification AW.W.A. Committee 83200 had approved severa! changss, in “AWWA Standard for
Reinforced - Concrete Water Pipe - Noncylinder Type, not Prestressed” designation C-302-64, which have been incorporated in the text.

1
W
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Section 2—Material Specifications  AWWA C 300-74

Sec. 2.1—Cement

2.1.1 Type., Cement for concrete
* work shall conform to the “Specifica-
tions for Portland Cement” (ASTM
Designation C150). Either Type I or
Type II may be used unless the pur-
chaser specifies a particular type.
Sampling and testing shall conform
to the individual ATSM specification
designated therein.

2.1.2 Inspection, Satisfactory fa-
cilities shall be provided for identifying,
inspecting, and sampling cement at the
mill, the warehouse, and the site of the
work. The purchaser shall have 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, well-
ventilated structure.

2.14 Unusable. Cement salvaged
by cleaning cement sacks, mechanically
or otherwise, shall not be used in the
work, Cement containing lumps shall
be rejected and shalt be immediately re-
moved from the site of the work.

215 Temperature. 1If the tem-
perature of the cement exceeds 150F, it
shall be stored until cooled to that
lemperature.

Sec, 2.2-—Fine Aggregate

22,1 General. Fine aggregate for
concrete and mortar shall consist of
clean, hard, durable, uncoated particles
of natural sand or of sand prepared
from the product cbtained by crush-
ing stone or gravel. At the time of
use the fine aggregate shall be entirely
free of frozen material. :

222 Gradation. Fine aggregate
shall be well graded from coarse to
fine and, when tested by means of lab-
oratory sieves in accordance with the
“Method of Test for Sieve or Screen
Analysis of Fine and Coarse Aggre-

gates” (ASTM Designation C136),

shall conform to the gradation require-
ments in Table 1.
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The gradation requirements given 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 £=0.20
from the fineness modulus of the repre-
sentative sample, unless suitable, ap-
proved mix adjustments are made.

223 Impurities. Fine aggregate
shall be free from injurious amounts of
organic impurities and shall conform to
Sec. 42 of “Specifications for Con-
crete Aggregates” (ASTM Designa-
tion C33-71a).

Sec. 2.3-—Coarse Aggregate

23.1 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.

232 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 the mold,
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” (ASTM  Designation
C136). Thin and elongated pieces, the
maximum dimension of which exceeds
five times the minimum, shall not be

TABLE 1! TABLE 2
Gradation Requirements for Fine Permissible Amonnis of Deleterious Substances

Ageregale in Coarse Aggregale

Total Passing, :
Sleve Size I by Weidht. Material i
Limit, %
. 100 i

No. 4 9:i-1011 Soft particles 5.00
Vo, & 6. Of Coal and lignite 0.50
No, 16 | 4 B0 Clay lumps 0.25
Wa. 20 | 2 M Material fincr than 200 sicve 1.00
Yo, W) ‘ - 50 Combincd total of above iterus 5.00

N, - 1
e ‘e .

t
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in excess of 10 per cent of the coarse
aggregate by weight,

233 [Impurities. 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 “AMethods of Sampling
Aggregates” (ASTM  Designation
D75).

Sec. 2.5—Water

Water 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. 2.6—Admixtures

At the option of the manufacturer,
the concrete may contain a water-reduc-
ing, set-controlling admixture conform-
ing to the “Specification for Chemical
Admixtures for Concrete” (ASTM
Designation C494). No admixture
shall contain calcium chloride. The
type and amount of admixture shall be
subject to the approval of the pur-
chaser,

Sec. 2.7-—5teel for Cylinders and
Fitlings
27.1 Steel sheets. Steel sheets for

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

requirements of the “Specifications for!
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 AS69),
except that for steel covered by ASTM
AS569, the maximum carbon content
shall be 0.23 per cent and the minimum
yield shall be 27,000 psi.

272 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 A233),
Grade B or C.

Sec. 2.8—Steel for Bar. Wire. and

Wire Fabric Reinforcement

28.1 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” {ASTAM
Designation A306), Grade 80, or to
“Specifications for Deformed Billet-
Steel Bars for Concrete Reinforce-
ment” (ASTAM Designation A613-68),
Grade 40, except that for plain bars
supplied under ASTM A615-68, (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 No. 3 shall meet the requirements
for No. J bar.

282 Wire. Steel wire for rein-
forcement of concrete pipe shall con-
forin to the “Specifications for Cold-
Drawn Steel Wire for Concrete Rein-
forcement” (ASTAI Designation A82)
or to the “Specifications for Deformed
Steel Wire for Concrete Reinforce-

- 30~
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ment” (ASTM Designation A496).
Wire used for ties may be annealed.

283 Wire fabric. Wire f{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-
erete Reinforcement” {ASTM Desig-
nation A183) or to the “Specification
for Welded Deformed Steel Wire
Fabric for Concrete Reinforcement”™
(ASTM Designation A497).

Sec. 2.9—Steel for Joint Rings

Steel for bell rings less than 1 in.
thick shall conform to “Specifications
for Hot-Rolled Carbon Steel Sheets
and Strip, Structural Quality” (ASTM
Designation A370), Grade A, or to
“Specifications for Hot-Rolled Carbon
Steel Sheets and Strip, Commercial
Quality” (ASTM Designation A369).
Special shapes for spigot joint rings
and steel for bell rings } in. or more
in thickness shall conform to “Specifi-
cations for Carbon Steel Bars Subject
to Mcchanical Property Requirements”
{ASTM Designation A306), Grade 30,
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 A573),
Grade 1012, or to “Specifications for
Special Quality Hot-Rolled Carbon
Steel Bars” (ASTM Designation
AS576), Grade 1012, or to “Specifica-
tions for Steel Sheet and Strip, Carbon,
Hot-Rolled  Commercial  Quality,
Heavy-Thickness  Coils  (Formerly
Plate)” (ASTM Designation AG33).

Sec. 2.10—Steel Castings for Fitlings

Steet castings for fittings shall con-
form to the “Specifications for Mild

to Medium Strength Carbon Steel
Castings for General Application”
{(ASTM Designation A27}, Grade 70~
36, normalized.

Sec. 2.11—Rubber for Gaskets

2.11.1 General. 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 ASTAI test methods.

2.11.2 Tensile strength. The ten-
sile strength of the compound shall be
at least 2,700 psi for natural rubber
gaskets and 2,000 psi for svnthetic rub-
ber gaskets—*Nethod of Tension Test-
ing of Vulcanized Rubber” (ASTM
Designation D412).

2.11.3 Elongation af rupture. 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” (ASTAL
Designation D412).

2.114 Specific gravity. The spe-
cific gravity shall not vary by more
than =0.05 within the range of 0.93~
1.45-—"“Methods for Chemical Analysis
of Rubber Products” (ASTM Desig-
nation D297).

2115 Compression set, The per-
centage of compression sct shall not
exceed 20. The compression set de-
‘termination shall be made in accordance
with “Methods of Test for Compres-
-2
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sion Set of Vuleanized Rubber”
(ASTM Designation D395), Method
B, with the exception that the disc shall
be a }-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.

2117 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” {ASTM Designation
D2240-68), with the exception of Sec-
tion 4 thereof. The determination shall
be taken directly on the gasket.

2.11.8: Test reports. 1f 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

See¢. 3.1—General Requirements

3.1.1 Laying 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

Maximum Laying Length
i, n

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 miean internal diameter of any por-
tion of each piece of pipe shall be not
less than the design diameter or size
specified by more than } in. for 36-in.
pipe, and smaller; by more than 2 in.
for 42-in. and 48-in. pipe; by more
than ¥ in. for 54-in. to 78-in. pipe; or
by niore than § in. for 84-in. pipe, and
larger.

3.13 Wall tolerances. The mini-
mum design thickness of pipe wall and
the minimum thickness of concrete lin-
ing for each size of pipe shall be as
shown in Table 3. At the spigot sec-
tion, the concrete lining thickness may
be less than shown in Table 3, provided
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  in. for 36-in.
pipe, and smaller; by more than 4% 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—-Design of Pips

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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TABLE 3

Reguircments for Pipe of Various Sizes®
Minimurne Thickness

Ph:c 1D "

- Pigﬁ\ran C°"Cf¢‘!1:'l-ining

24 3 1

30 3} 1

36 4 1

42 4} 1

48 5 13

54 53 1%

60 6 1}

66 6% 13

2 7 13

78 73 13

81 8 13

%0 8 11

26 84 13

® For pipe larger than 96 in. in diameter, dimensions
and details of design shall be subject 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 circumferenffal steel in the cylinder
and in the reinforcing cage or cages
shall be such that the conditions .re-
quired by the design methods jn_the
appendix are met. 1f 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
1aid 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
expanded by a press beyond their
elastic limits so that they are accurately
sized,

3.3.2 Tolerances. On the finished
pipe, the circumference of the inside
bell ring contact surface shall not ex-
ceed the circumference of the outside
spigot ring contact surface by more
than v} in. for gaskets 2} in. in diam-
eter or by more than } in. for gaskets
greater than 2} 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 v% in.
for 36-in. pipe, and smaller, and 1 in.
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 Gaskels

Joints shall be sealed with a con-
tinuous solid-ring rubber gasket having
a circular cross section with a diametral
tolerance of /4 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 watertight.

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, [Velding., Butt-welding, lap-
welding, or offset lap-welding, shall be
used for the longitudinal and circum-
ferential or helical seams. 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. \When the cylinder is tested

in a horizontal position, the stress shall-

be at least 20,000 psi, but not greater
than 25,000 psi. When the cxlinder is
tested in a vertical position, the stress
at the lower end shall be 25,000 psi.
VWhile under pressure test, all welds
shall be thoroughly inspected and all
parts showing leakage shall be marked.
Cylinders 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
tsed in the work unless it is completely
watertight under the required test pres-
sure.

354 Cleaning 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-

ment Cage "p
.3.6.1 Circumferential reinforcement,

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

hoop form or he welded wire fabric
shaped and lap- or butt-welded into
cages. The quality of the welds and
welding procedures shall 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 Longitudinal 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 Plocement, The minimum
distance between the circumferential
reinforcing steel and the surface of the
pipe shall be 1 in.

See. 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 shall 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 overall 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 water-cement ratio shall
be such as to assure that the concrete
will meet the strength requirements.

3.7.2 Measurement of malerials.
A barrel of cement shall be considered
4 cu ft or 376 b, and a bag of cement
shall be considered 1 cu ft or 94 Ib,
Cement in standard sacks need not be
weighed, but bulk cement shall be
weighed. Water 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”
(ASTM Designation C29). The
equipment and devices for weighing
and measuring shall at all times be
accurate within 1 per cent,

3.7.3 Miving. The mixing shall
be thoroughly done by a mixer of ac-
cepted type. Aixing time shall be
consistent with the type of mixer used.
Transit mixing shall not be uszed ex-
cept by written authorization and under
specific requirement of the purchaser.

3.74 Standard test cylinders. A
set of at least four standard test cyl-
inders shall be taken from each day’s
pour of the mixed concrete. Standard
test c¢ylinders shall be made in con-
formance with the “Method for Making
and Curing Concrete and Compressive
and Flexural Test Specimens in the
Field” (ASTM Designation C31).
The curing of the test cylinders shall be
in conformity with the curing of the
pipe. :

3.7.5 Testing cylinders. 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.

37.6 Strength of concrete. The

design strength of concrete shall be
the strength used in designing the pipe
by the method described in the Design
Appendix. The design strength of
concrete shall be not less than 4,500 psi
for vertically cast conerete or 6,000 psi
for centrifugally cast concrete. The
compressive strength of concrete cyls
inders shall equal or exceed 3 of the
design strength in 7 days and the de-
sign strength in 28 days. 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 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 caoncrete 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 surface
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 enough
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 displacenient of the steel
cylinder and reinforcement from their
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proper positions in the forn. 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, 3.8—Curing 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. Wa-
ter curing and steam curing may be
used interchangeably on a time-ratio
basis 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.

3.82 Steams 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 peried 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 stcam 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 curing. 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, TFollowing 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 Ceat

If the purchaser specifically orders 2
bituminous seal coat, the materizls and
application shall comply with the ap-
propriate provisions of AWWA ClM4
(ANSI A21.4) insofar as they are ap-
plicable. The material shall be applied
after the pipe is cured.

Section 4-Fittings and Special Pipe

Sec. 4.1—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 type
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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
extetior coating. The steel for the
cylinder 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 dve 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—Tiltings (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. Stcel 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
segments of a bend shall be no greater
than 221 deg. Adjacent segments
shall be joined by lap or butt welding.
Tabrication 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 Reinforcement. \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. W1 welded-wire
fabric, held £ in. from the sutfaces of
the steel plate, The members on the
2-in. spacing shall extend circum-
ferentially around the ftting, with ends
overlapped 4 in. and tied together,
Longitudinal splices shall be staggered.

433 3Mortar. Steel plate fittings
shall be lined with mortar at Jeast 2 in.
thick at adapter ends, or outlets, but
under no conditions shall the lining be
less than 2 in. thick. The exterior shall
be coated with mortar at least 1 in.
thick. The mortar shall 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 Membrane—
Forming Compounds for Curing Con-
crete” (ASTM Designation C309),
Type I1, white pigmented.

Sec. 4.4—Curves, Bends, and
Closures

Long radius curves and small ang-
ular changes in pipe alignment shall
be formed by decflecting joints, hy
straight pipe with beveled ends, Ly
bevel adapters, or by a combination of
them. Pipe ends may be beveled up
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to 5 deg. Short-radius curves and into the walls of the concrete pipe at

closures shall be formed by fittings. locations shown on the purchaser’s
. drawings or ordered by the purchaser.

Seé. 4.5—Openings and Wall openings shall be suitably rein-
onnections forced. If required, the interior and

Manholes and flanges, spigot or bell exterior surfaces of structural steel con-
connections for air valves, blow offs, or nections shall be lined and coated with
connections to other pipe shall be built mortar.
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REINFORCED CONCRETE WATER PIPE—-
STEEL CYLINDER TYPE, PRETENSIONED

Section 1-General

sec. 1.1—-Scope

This standard covers the manufac-
ture of circumferentially pretensioned
teinforced concrete water pipe with a
steel cylinder and rod reinforcement,
in sizes from 10 to 42 * in, inclusive
and for design pressures to a maxi-
mum of 400 psi. The standard does
not include specifications related to
handling, delivery, laying, field testing,
or disinfection of the pipe.**

Sec. 1.2—Definitions

In this standatd the following defini-
tions shall apply:

1.2.1, Purchaser. The word “pur-
chaser” shall mean a person, firm, cor-
poration, or government subdivision
entering into a contract or agreement to
purchase amy materials or have any
work performed according to these
specifications,

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

* Larger diameters may be manufactured
provided that the purchascr is in full accord
with the design and will assume all responsi-
bility for the proper mnstallation 1o prevent
injurious defection. )

*+ Refer to AWWA Manual M9, Insiolla-
tion. of Concrete Pipe for details of installa-
tion. '

nish any materials or perform any work
according to these specifications,

1.23. Mamufacturer. The word
“manufacturer” shall mean the person,
firm, or corporation 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 coniractor 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. Engincer. The word “engi-
neer” shall mean the engincer employed
by the purchaser and acting as his rep-
resentative, the purchaset himself act-
ing as his own engiuneer, and their re-
spective assistants and inspectors,

1.25. ASTM. Theterm “ASTM"
shall mean the American Society for
Testing and Naterials. When specific
ASTAL specifications are cited, the
designation shall be coustrued to refer
to the latest revision under the same
specification number, or to superseding
specifications under a new number, ex-
cept for provisions in the revised speci-
fications which clearly are inapplicable.
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126, AISI. The term *“AISI”
shall mean the American Iron and Steel
Institute.

1.27. Approved. The term *ap-
proved” shall mean having received the
approval of the engineer,

1.28. Design pressure, The design
pressure shall be the maximum sus-
tained internal hydrostatic pressure to
which the pipe is to be subjected. Gen-
erally, the design pressure for each
pipe, or portion of the pipeline, shall
be the operating pressure established
by the hvdraulic gradient or static head
specified by the purchaser, whichever
results in the greater pressure,

1.2.9. Trausicnt  pressure condi-
tions. Transient pressure conditions
shall be defined as overloads of rela-
tively short duration due to the effects
of water hammer or surge.

1.2.10. Euxternal loads. The term
“external loads” shall mean all super-
imposed live and dexd loads applied to
the outside of the pipe after installation.

1211, Pipe diamefer. The term
“pipe diameter” or “size” shall mean
the nominal inside {waterway) diam-
eter of the pipe.

‘Sec. 1.3—Essential Requirements

The pipe shall have the following
principal features:a welded steel cyl-
inder with sized 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 securely fas-
tened Dby welding to the steel joint
ring at each end of the cylinder; a
coating of dense mortar covering the
cylinder and rods except for the nec-
essarily exposed surfaces of the spigot
joint ring; and a self-centering joiut

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

Sec. 1.4—Plans and Data To Be
Furnished by the Purchaser

1.4.1. The purchaser shall designate
the design and transient pressures ap-
plicable to each reach of pipeline for
which the pipe shall be manufactured,
as provided in Sections 1.2.8, 1.2.9, and
3.2.1. The external loading conditions
and the method, or methods, of embed-
ment and backfilling shall be specified.

14.2. 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 pressures for epch 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 specific requirements of the work.
for which the pipe is made,

Sec, L.5—Supplementary Delails To
Be Furnished by Purchaser

When purchasing pipe under the
provisions of this standard, the pur-
chaser shall furnish supplementary spe-
cifications which shall include specific
details concerning the following:

1.5.1.  Standard used—that s,
AWWA (C303-70.

1.5.2. Whether an affidavit of com-
pliance (Sec. 1.11) is required.

1.5.3. Manner of storage and de-
livery, if required of the contractor,

1.5.4. Whether sulnnission of manu-
facturer’s design . calculations  (Sec.
3.2.1) will be required.

1.5.5. \Vhether a tabulated layout
schedule (Sec. 1.0.2) will be reguired.
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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 (See.
1.10.4).

1.5.8. Whether submission of rub-
ber gasket material test reports (Sec.
1.10.5} will Le required.

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

1.5.10. Whether quality controf test
reports on concrete lining (Sec. 1.10.2)
will be required.

1.5.11. Whether aggregate samples
(Sec. 2.3.) will be required.

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

1.5.13. Whether submission for ap-
proval of details of materials and meth-
ods of welding (Sec. 3.5.2) will be re-
quired.

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

Sec. 1.6—Data To Be Submitted by
Manuiacturer

1.6.1.  Drawings and schedules
showing [ull details of reinforcement,
concrete, and joint dimensions for the
pipe shall be furnished by the manufac-
turer. All drawings and schedules
shail be subimitted for approval in quad-
ruplicate, and one copy shall be re-
turned to the manufacturer and one
copy transmitted te the contractor after
approval.  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
shall include a tabufated layout sched-
ule, with reference to the stationing and
grade line shown on the contract draw-
ings. The schedule shall show pressure
zones, cach 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 diamcter 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 cacli portion of pipeline.

Sec. 1.7—Marking

Fach 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 effective circumferential reinforce-
ment per foot of pipe wall. Special
marks of identification, sufficient to
show the proper location of the pipe
or special in the line by reference to
layout drawings and schedules specified
under Sec. 1., shall be placed on the
pipe i specifically required. All
beveled pipe shall be marked with the
amount of the bevel, and the point of
raaximum pipe length shall be marked
at the end of the spigot.

Sec. 1.8—Inspection

1.8.1, The purchaser and his repre-
sentatives shall have access to the work
wherever it is in preparation or prog-
ress, and the manufacturer shall pro-
vide proper facilities for access and for
inspection.

1.8.2. Inspection by the purchaser or
his representatives, or failure of the
purchaser or his representatives to pro-
vide inspection, shall not relieve the
contractor or the manufacturer of his
responsibility to furnish materials and
ta perform work in accordance with lus
standard.
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1.83. Tests under Sec. 1.10 made
by the purchaser, or his representa-
tives, on material samples, shall be
made without delay. If any sample
fails to meect the requirements, the
manufacturer shall be notified imme-
diately, Material affected by the test
resuits shall be set aside until final
disposition of the material is settled.
The manufacturer may then request a
review of test procedures and addi-
tional tests on the material. Duplicate
samples, the number 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 samiples 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. DMaterial, fabricated parts,
and pipe which for any reason do not
conform to the requircments of this
standard, will be subject to rejection
at any time prior to final acceptance
of the 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. 1.10—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.

1,102, Quality control test of cen-
trifugally applied concrete lining shall
be made by the manufacturer by the
method described in Sec. 3.0.3, and
test reports shall be made available to
the purchaser on request.

1.10.3. DMill 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
available to the purchaser on request.

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

1.10.5. Test reports showing the
physical properties of rubber used in
the gaskets, as specified in Sec, 3.4,
shall be obtained by the manufacturer,
and shall be made available to the 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. 1.11—Affidavit of Compliance

The purchaser may require an affi-
davit from the manufacturer that the
pipe, specials, fittings, and other prod-
ucts or materials furnished under the
purchaser’s order cemply with all ap-
plicable provisions of this standard.

~42-



PART II.3

RCCP

REINFORCED CONCRETE WATER PIPE

Section 2-Material Specifications

Sec. 2.1—Cement

2.1.1. Cement for concrete and mor-
tar shall conform to the *Standard
Specifications for Portland Cement”
(ASTAM Designation CI130). Either
Type I or Type Il may be used unless
the purchaser specifies a particular
type. Sampling and testing shall con-
form to the individual ASTM specifica-
tions designated therein,

2.1.2. Satisfactory facilities shall be
provided for identifying, inspecting,
and sampling cement at the mill, ware-
house, and the sile of the work., The
purchaser shall have the right to in-
spect the cement and oltain samples
for testing at any of these points.

2.1.3. Cement shall be stored in a
watertight, dry; well-ventilated struc-
ture,

214, Cement salvaged by cleaning
cement sacks, mechanically or other-
wise, shall not be used in the work.
Cement containing lumps shall be re-
jected and shall tmmediately be re-
moved from the site of the work.

215 If the temperature of the
cement exceeds 150°F., it shall Le
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 gravel, or shall he
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” (ASTAM Designation C33),
with the exception that the gradation

may be 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 lining of
pipe in the diameter range 18-42 in.
be retained on a 3 in. (127 mm)
sieve.

Sec. 2.3—Samples of Aggregales

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
fi each of the aggregate to be used in
the lining and coating. All samples
shall Le plainly labeled to indicate the
source of the material, the date, and
the name of the collector. Wethods of
sampling aggregates shall be in ac-
cordance with the “Methods of Sam-
pling Stone, Slag, Gravel, Sand, and
Stone Block for Use as Highway Ma-
terials” (ASTM Designation D73),

Sec. 2.4—Water

Water used for concerete and for ce-
ment mortar, and for curing pipe, shall
be fresh water and shall be clean and
frece from oil, acid, strong alkalis, or
vegetable matter.

Sec. 2.5—Steel for Cylinders and
Special Fittings

2.5.1. Steel sheets for pipe cylinders
and special fittings shall conform to the
“Specifications for ITot-Rolled Carbon
Steel Sheets and Strip, Structural
Quality, Grade C” (ASTM Designa-
tion AS570).

2.5.2. Stecl plates for pipe cylinders
and special Attings shall conform to the
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“Standard  Specification for Low
and Intermediate Tensile Strength
Carbon Steel Plates of Structural
Quality, Grade B, C, or D” (ASTM
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” (ASTM Desiguation
A285).

Sec, 2.6—Steel for Rod and Wire-
Mesh Reinforcement

26.1. The steel rod for circumferen-
tial reinforcement in the pipe shall be
plain round rods conforming to the
“Specification for Carbon Bars Subject
to Mechanical Property Requirements”
(ASTM Designation A306), Grade
80; or counforming to the “Specification
for Deformed PBillet-Steel Bars for
Concrete  Reinforcement” (ASTM
Designation AG13), Grade 40, except
that (1) 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
ments for the next smaller bar number

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

2.6.2. Wire-mesh rcinforcement for
mortar coating and lining of fitings
shall conform to the “Standard Specifi-
catious for Welded Steel Wire Fabric
for Concrete Reinforcement” (ASTM
Designation Al83}.

See. 2.7——Sleel for Joint Rings

2.7.1. Steel strips for bell rings less
than } in. thick shall conform to the
“Specification for lHot-Rolled Carbon
Steel Sheets and Strip. Structural
Quality, Grade A” (ASTMN Designa-
tion A570). Steel which meets the re-
quirements of AISI-1012 for chemical
components will be acceptable provided
it conforms to ASTAI Designation
AS570, Grade A, in other respects.

Sec. 2.8—Steel Castings for Filtings

Steel castings for fittings shall con-
form to the “Specifications for Mild-
to  Medivm-Strength  Carbon-Steel
Castings for General Application,
Grade 70-36, Normalized” (ASTM
Designation A27).

Section 3—Fabrication of Pipe

Sec. 3.1—General Requirements

3.1.1.  Pipe shall be furnished in
diameter increments of 2 inches for
sizes 10 in. through 20 in., and in 3-
inch increments for sizes 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 dianieter and smaller shall not
excced 32 feet. Special short sections
may be furnished to meet special con-

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

3.1.3. Throughout lining plicement
and ail subsequent manufacturing oper-
ations, adequate means, such as gage
rings, stiffener rings, and bracing,
shall be used as necessary to maintain
the out-of-roundness of the cylinder 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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diameters. Pipe ends shall be square
with the axis of the pipe within § in,
except when beveled ends are fur-
nished.

3.14. Measured from the inside
surface of the cylinder, concrete or ce-
ment mortar linings shall have the
following respective thicknesses and
tolerances:

Pipe Diameter Lining

Range Thickness Taolerance
10-16 in. 3 in. *=} in
1842 in. i in. * 1y in.
3.1.5. The minimum thickness of

the cement mortar coating shall be §
in. over the rod reinforcement or 1 in.
over the cylinder, whichever results in
the greater thickness of coating.

Sec. 3.2-—Design of the Pipe

3.2.1. General. The purchaser or
engineer shall state the design pressure
requirements, The design procedure is
set forth in Appendix “A" hereof. The
procedure in Appendix A in which the
design pressure is applied in accord-
ance with formula (1) 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 stated in the plans and data to be
furnished by the purchaser pursuvant
to Sec. 1.4. If required by the pur-
chaser or engincer, the manufacturer
or contractor shall submit design cal-
culations for approval prior to the
manufacture of any pipe.

3.2.2. Sieel cylinder and rod rein-
forcement. The average circumferen-
tial stress in the steel cylinder and rod
reinforcement of the pipe at design
pressure shall not exceed 16,500 psi
nor 50 per cent of the specified mini-
mum yield strength of the steel used

in the cylinder when 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: The'area
of rod reinforcement shall not be
greater than G0 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 shall the center-to-center rod
spacing exceed 2 in.

The area of rod reinforcement in
square inches per linear foot of pipe
wall 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 4% in.
in diameter. The minimum cylinder
thickness shall be as follows:

Pipe Diameter Minimum Cylinder

Range Thickness
10-16 in. 16 gage
18-21 in. 15 gage
24-33 in. 14 gage
36-39 in. 13 gage

42 in, 12 gage

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

Pipe Diameter Tolerance on Taped

Range Circumference
10-16 in. % % in.
18-42 in. + 1 in.

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 will be self-
centered. Fach ring shall be formed
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Ly one or mote picces of steel bult-
welded together, either by a resistance
welder or by a hand-electric wekl, and
the weld surface shall be ground flush
with the adjacent surface. The rings
shall be expanded by a press beyond
their elastic limits so that they are ac-
curately sized. On the finished pipe,
the circumnference of the inside bell
ring contact surface shall not exceed
the circumference of the outside spigot
ring coutact surface by more than %
in. The minimum thickness of the
completed bell rings shall be 10 gage
for pipe sizes 10 in. through 16 in., and
% In. for larger sizes. The cross-sec-
tional area of the bell ring plus the
cross-sectional area of the rod rein-
forcement over the bell shall provide a
total cross-sectional arca 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
aud the joint completed, the gasket
will be tightly enclosed on all four sides
and confined under compression ade-
quate to eusure watertightness under
the specified conditions of service.
The contact surfaces shall be smooth,
to prevent cutting of the rubber gasket
during installation. The portions of
the joint rings which will be exposed

- on the completed pipe prior to installa-

tion shall be protected {rom corrosion
by an approved coating.

Sec, 3.4—RBubber Gaskets

3.4.1. The joint shall be sealed with
a continuous solid ring gasket of cir-
cular cross-section made of a special
composition rubber of such volunie as

to substantially fill tlie recess pro-

vided for it, The gasket shall be the

sole element depended 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 pulverized
fillers free from 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 ASTM specification designated.

3.4.2. Tensile strength. The ten-
sile strength of the compound shall be
at least 2700 psi for natural-rubber
gaskets and 2,000 psi for synthetic rub-
ber gaskets—"Method of Test for Ten-
sion Testing of Vulcanized Rubber”
.(ASTMI Designation D412).

34.3. Llongation at rupture. The
elongation at rupture shall be at least
400 per cent for natural-rubber gaskets
and 350 per cent for first-grade syn-
thetic-rubber gaskets—*Methods of
Test for Tension Testing of Vulcanized
Rubber” (ASTN Designation D412},

3.4.4. Specific gravity. The specific
gravity shall not vary more than %£0.05
within the range 0.95-1.45-—"“Methods
for Chemical Analysis of Rubber Prod-
ucts” (ASTM Designation D297).

34.5. Cold flowr. The percentage
of cold flow shall not exceed 20. The
cold-flow determination shall be made
in accordance with “Methods of Test
for Compression Set of Vulcanized
Rubber” (ASTM Designation D395
AMethod B), with the exception that
the disc shall be a } in. thick section
of the rubber gasket stock,

3.4.6. Trensile 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 S0 per cent of
the tensile strength before aging—
“Standard Method of Test for Accele-
rated Aging of Vulcanized Rubber by
the Oven Method” (ASTM Designa-
tion D573).

3.4.7. Shore duromcter. The shore
durometer hardness shall be in the
range of 55 =5 and shall be deter-
mined in accordance with “dethod of
Test for Identation Ifarduess of Rub-
ber and Plastics by Means of a2 Durom-
eter” (ASTM Designation D224Q,
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 wlhich has a
minimum diameter of 1 in. and a thick-
ness of 1 in,

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

Sec. 3.5—Fabrication of Steel
Cylinders

3.5.1, The steel cylinders shall be
formed by shaping and welding to-
gether cut lengths or coils of specified
material and thickness.

3.5.2.  Helical or transverse and
longitudinal seams shall be butt-
welded, or offset buit- 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 lLie proposes to use hefore 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 every 3,000 ft
of pipe, provided that, if tests indicate
the welding is unsatisfactory, the con-
tractor shall furnisly 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 “Method for Guided Bend Test
for Ductility of Welds” (ASTM
Designation E190), except that the die
width shall e # in, and the plunger di-
mension shall be less than % in. by ap-
proximately twice the maximum metal
thickness plus 1 in. The weld shall
not be machined. The specimen shal}
not fracture completely, and no cracks
exceeding % in. in any direction shall
be present in the weld metal or between
the weld melal and the pipe metal.
Cracks that originate at the edges of
the specimen and that are less than
% in. long shall not be canse for re-
jection. The expense of the welding
tests shall Le borne by the purchaser.

3.54. Tlach steel cylinder, with joint
rings welded to its ends, shall be sub-
jected to a hydrostatic test under wa-
ter pressure which stresses the steel
to a unit stress of at least 20,000 psi
but not greater than 23,000 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, shall not be
used iu the work uuless 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
approved by the engineer.

Sec. 3.6—Cenirifugally Applied Con-
crete or Cement Mortar Lining

3.6.1. General. Defore the stecl
cylinder is wound with rod reinforce-
nient, 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 svater to obtain proper
characteristics of the material shall be
used, and the total free water content
of the mixed mortar shall not exceed
7-3 gallons per sack of cement. Con-
crete for lining shall consist of cement,
fine aggregate, coarse aggregate, and
water. The minimwm cement content
shall be 7 sacks per cubic yard of con-
crete.

3.6.2. Miving and placing. The ce-
ment and aggregate shall be batched
by weighing. After the hnal tempering
of the mix with water, the material
shall be mixed for not less than ene-
half minute in pan or turbine type
mixers, or for not less than one minute
in paddle type mixers. There shall be
no retempering of the mix once the
concrele or mortar has been discharged
{rom 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 temperature
of the mix shall not be less than 40°F
at the time of placement. Immediately
prior to application of the -mortar or

concrete lining, all loose milt scale, ex-
cessive rust, oil, grease, and other for-
eign substances shail be removed from
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 shal!
terminate flush with the end of the
spigot ring and shall terminate the dis-
tance in from the eud 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 nieasures
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 primary cure
unless equivalent support is provided
by other means. Immediately upon
completion of the lining operation, the
pipe shall be moved to the primary
curing arca. Care shall be exercised
at afl times during handling to prevent
damage to the lining.

3.6.3. Strength and quality control
of concrete lining. Concrete used for
lining shall have a compressive strength
of not less than 3,000 psi in 7 days
and 4,500 psi in 28 days. A minimum
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 miix to obtain a 1-3-in, stump
and the cylinders shall be prepared
from this sample in accordance with the
“Standard Method for Making and
Curing Concrete Compression and
Flexure Test Specimens in the Field”
(ASTM Designation C31), and shall
be tested in accordance 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 available
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 ASTM Designation C31, and the
concrcte may be spun into the cylinder
with a thickness of at least 1§ in.
The concrete shall be removed from the
mix in accordance with the “Standard
Method of Sampling Fresh Concrete”
(ASTM Designation C172). Curing
of test specimens shall be the same as
curing the pipe. The specimens shall
then be tested in accordance with
ASTM Designation C39, using the net
concrete area to determine the com-
pressive strength. .

3.64. Curing prior fo placement of
rod reinforcement. Linings shall be
either steam cured or moist cured at the
option of the manufacturer, except that
moist cure may be used only if the
minimum ambient temiperature exceeds
40°F continuously during the required
minimunt curing period. In either
case, linings shall be kept continuously
moist until the completion of the mini-
mum curing period, after which the
pipe may-be wound with the rod rein-
forcement,

3.6.4.1. Steqm cure. Steam curing
may begin immediately on arrival of
the pipe at the primary curing area,
but the temperature of the pipe shall
not exceed 90°F for thiree hours or
until the mortar has taken its initial
set, whichever occurs first. The am-
bient vapor shall then be maintained
at a temperature between 110°F and
130°F for a minimum curing period
of six hours.

3.6.42. Moist cure. 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°T during
such period. The moist curing period
shall be continued one hour for each
heour, during the first 24, during which
the ambient temperature is below 50°F.

Sec. 3.7—Placing of Rod Reinforce-
ment

After the lining has been cured as
specified 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 {o
125 per cent of the difference between
the specified minimum yield points of
the rod and cylinder. An accurate and
dependable device shall be provided for
tensioning and for measuring and indi-
cating the tension in the rod reinforce-
ment during the winding operation.

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 1t 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
(0) gallons of water shall be applied to
the rod or to the eylinder 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 used per sack of cenient
in hot, arid regions. A retarder of a
type approved by the engincer may be
used in the mix. Immediately prior to
placement of the cement paste, all locse
mill scale, excessive rust, oil, grease,
and other foreign substances shall be
removed from all stecl surfaces with
which the cement paste will be in con-
tact.

Sec, 3.8—Cement Mortar Cocating

38.1. General. After the lined cyl-
inder has been wrapped with tensioned
rod reinforcement, an exterior mortar
coating shall be applicd. Mortar for
coating shall be composed of one part
cement and not more than three parts
fine aggregate which shall be batched
by weighing, and a minimum water
content of 6 per cent of the total dry
weight of cement and aggregate. The
cement and fine aggregate shall con-
form to Sec. 2.1 and Sec. 2.2, respec-
tively. Clean “rebound material” may
be reused as fine aggregate provided it
is used within 30 minutes from the
time it was mixed and it does not ex-
ceed S0 per cent of the aggregate con-
tent of the mortar mixture. *“Rebound
material” shall be defined as mortar
that does not adhere to the pipe during
the application of the coating. Imme-
diately prior to placement 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 cement paste will be- in contact.

3.8.2. Mixing and placing. The ce-
ment and aggregate shall be batched
by weighing and mixed not less than }
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
temperature of the mortar mix shall
not be less than 40°F at the time of
placement.

Cement mortar ccating shall be de-
posited by high velocity impact using
an approved 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 approved 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 the steel surfaces and the
previously applied cement paste re-
quired under Sec. 3.7. Up to, but
not exceeding, ten (10) gallons of
water may be used per sack of cement
in hot, arid regions. A retarder of a
type approved by the engineer may.be

‘used in the mix.

Within a period of 8 hours after ap-
plication of mortar coating, the pipe
shall be handled only with belt slings
or otlier suitable means to prevent dam-
age to the coating. The pipe may not
be rolled until curing has been com-
pleted. Dropping or bumping of pipe
will not be permitted.

Sec. 3.9—Curing of Completed Pipe

3.9.1. General. The completed pipe
shall be cured by moist curing or by
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steam curing methods. Moist and
steamn curing may be used interchange-
ably on a time ratio basis of 4 hours
of moist curing to 1 hour of steam
curing except that moist curing may be
used only if the minimum ambient tem-
perature exceeds 40°I7.  All freshly
coated pipe shall be adequately pro-
tected from freezing or excessively high
temperatures,

39.2. Moist cure. 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. Moist curing shall begin as
soon as the pipe can be sprinkied with-
out damage to the coating. The moist
curing period shall be continued one
hour for each hour, during the first 24,
during which the ambient temperature
is below 50°T,

39.3. Steam cure. The pipe shall
be placed in a steam curing chagber
or otherwise covered by a suitable en-
closure that will allow proper circula-
tion of steam for curing both the lining
and the coating. Stcam curing of the
pipe may begin immediately after the
coating operation and, in any event,
shall 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 continuous period of 36 hours.

3.9.4. Additional cure. Pipe stored
tn the manufacturer’s yard after curing
shall be additionally moist cured if
necessary to prevent excessive drying
unti]l delivery to the job site.
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Sec. 3.10—Repair of Lining and
Coating

The portion of the lining or coating
ta be repaired shall be removed to the
depth of the defective concrete or mor-
tar. Por coating repairs, additional
mortar shall be removed from around
the reinforcing rods as necessary to
provide for keying 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 full required thickness. Repairs
shall be cured as specified in Sec. 3.9
or by prompt application of a clear or
white-pigmented  sealing compound
conforming to the “Specification for
Liquid  Membrane-Forming Com-
pounds for Curing Concrete” (ASTM
Designation C309). Repaired pipe
shall not be shipped or handled for a
minimum of 24 hours following appli-
cation of sealing compound, or follow-
ing completion of curing by the meth-.
ods. Continued care shall be exercised
thereafter to protect the repaired areas
and to maintain the membrane seal if
sealing compound has been applied.
If in any section of pipe the defects or
injuries are so numerous or extensive
that, in the judgment of the purchaser
or the engineer, it would be unsatis-
factory to make separate repairs of such
defects or injuries, the lining or coat-
ing, as the case may be, in such sec-
tion of pipe shall be removed in its en--
tirety and replaced. Where the entire
lining is removed, such removal and
the replacement and primary curing of
the lining shall be completed before the
reinforcement rod is applied to the steel
cylinder.  Tn the event the defects or
injuries which, for the rcasons 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 De rejected.
Where defects in the lining are de-

tected, or injuries thereto occur, before
the reinforcement rod has been applied
to the eylinder, 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. 4.1—General

The manufacturer shall furnish all
fittings and special pieces required for
closures, curves, bends, branches, man-
holes, air valves, blowolls, and con-
nections to main-line valves and other
piping shown on the contract drawings
or ordered by the purchaser. Specials
shall conform te the details furnished
by the purchaser, or, if required, {0 the
details furnished by the manufacturer
and approved by the purchaser. Un-
less otherwise prescribed or approved
by the purchaser, special fittings shall
he fabricated of welded steel sheet or
plate, and shall be lined and coated with
cement mortar. The mortar coaling
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 further requircment
that the maxirmnum circumferential
stress in the fitting at design pressure
shall not exceed 15,000 psi. Notwith-
standing the provisious of Sec. 3.2 as
to minimum cylinder thickness, the
mininnun thickness of sheet or plate
for fittings shall be as follows:

Range of Maximum
Fiuning Diameter

Minimum Thickness
of Sheet of Plate

10-21 in. 10 gage
24-36 in, 7 gage
39-42 in, 1 inch
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Sec. 4.2—Specials

4.2.1 The stecl 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-
tien angle between adjacent segments
of a bend shall be not greater than
22} deg. Adjacent segments shall be
joined by lap or butt welding. Tabri-
cation and welding shall conform to
the requirements of Sec. 3.5 and to
such additional requirements for weld-
ing steel plate as the purchaser specifi-
cally prescribes.

4.2.2 Crimped wire mesh reinfore-
ing shall be applied to the exterior sur-
faces of the fabricated special. It
shall be 2 X 4 in., 13-gage, welded wire
fabric, held § in. from the surfaces of
the steel shect 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. Wire mesh reinforcing will
not be required for centrifugally placed
concrete or cement mortar lining, The
members on the 2 in. spacing shall ex-
tend circumferentially areund the spe-
cial with ends overlapped 4 in. and tied
together. Longitudinal splices shall be
staggered.

4.2.3 Steel 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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2 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 approved for the method of appli-
cation used, and shall conform to the
applicable provisions of See, 3.8.

4.24 Mortar-coated specials shall
be cured by moist spraying or by steam,
as specified 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
vertical angle points, long-radius cur-
ves, or alignment corrections may be
made by unsymmetrical closure of
joints, provided that the interior joint
spaces are not at any point less than
the minimuwm or more than the ap-
plicable maximum specified in the fol-
lowing tabulation:

Pipe Diameter Interior Joint Space
Range Normal Minimum Maximum
12-21 1n. Tin tin. tin.
24-42 in, 1in. PRTI 1} in.

Special beveled joint designs may be
used with a maximum deflection of 5
deg per joint, provided they comply
with the requirements of Sec. 3.3.
Shiort-radius curves and closures shall
conform to the provisions of Sec. 4.1
aud Sec. 4.2,

Sec. 4.4—Openings and Ceonnections

Manholes and flanges, spigot or bell
connections for air valves, Dlowoffs,
or connections to other pipe shall be
built into the walls of the concrete pipe
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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
fastened by welding on each side of the
outlet. The casting or {abricated out-
let shall be welded to the saddle plate
or saddle neck and cylinder after the
iole is cut through the plate, cylinder,
and concrete. Alternative outlet de-
signs may Dbe used, if specifically ap-
proved by the purchaser. All mate-
rials for openings and connections, and
the fabrication thereof, shall conform
10 the provisions set forth elsewhere in
this standard, so far as applicable,

Sec, 4.5—Tesling

The seams in angle pipe, short radius
bends, and special fittings shall be
tested by the air-soap method using air
at a pressure of 5 psi; except that, at
the option of the manufacturer, the
dye-penetrant method may be substi-
tuted. 1lowever, if the fitting is from
cylinders which have been previously
hiydrostatically tested, no further test
will be required on seams so tested. At
the option of the manufacturer, hydro-
static testing of Rittings to 120 per cent
of the design pressure plus the esti-
mated maximumi increment of pres-
sure due to transient conditions may
replace the tests described above. Any
defects revealed by any of the alternate
test methods shall be repaired by weld-
ing and the specified testing repeated

antil all defects have been eliminated.
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SPECIFICATIONS FOR PRESTRESSED CONCRETE CYLINDER PIPE WITH RUBBER AND STEEL JOINT

Produced According to
AWWA Standard C-301-72

TYPE OF PIPE

The pipe sha!t be of ‘the type known as Prestressed Concrete
Cylinder Pipe. It shali 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 c¢oated with a dense covering of cement mortar. Each
pipe shall be constructed with a self-centering expansion joint seafed
with a rubber gasket and capable of caring for normal movement
due to earth settfement and extremes of temperature,

DIMENSIONS

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,

PIPE DESIGN

The diameter of prestress wire used, its centerling spacing and
the tension under which it is wound around the core shail be such
that the core will be sufficiently compressed to withstand an inter-
nal hydrostatic pressure equal o 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 shail be
taken into consideration. The gross wrapping stress in the high
tensile wire shall not exceed 75% of the minimurn ultimate tensile
strength of the wire. The meaximum centerline spacing shaill be
1-1/2", Minimum centerline spacing of wire shall be that which
produces a clear distance between wires of 3/16"”, The minimum
diameter of wire used shall be No. B gage.

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

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

PIPE JOINTS

The joint shall be sealed by a rubber gasket in such a manner
that it wil! remain tight under all conditions of service, including
movement due to expansion, contraction and normai 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 tined 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
shalt be protected from corrosion by an approved coating. The
spigot ring shall have & 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 seif-centering when the pipe is
laid 50 that the gasket will not be required to support the weight of
the adjoining pipe.

Steel of flat section for beli rings 3/16™ thick shall be used on
‘pipe sizes up to and including 36" and shall conform 1o “Standard
Specification for Hot-Rolled Carbon Steel Sheets and Strip, Strue-
turaf 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 shaill conform te “Standard Speci-
fications for Carbon Steel Bars Subject to Mechanical Property
Requirements’’, Grade 50, ASTM Designation A-306.

The gasket seaiing the joint shall be made of a special com-

position rubber having a texture to assure a watertight and perma-.

went seal and shall be the product of a manufacturer having at least
five yeers' experience in the manutacture of rubber gaskets for pipe
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jaints. 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 upoa
for watertightness.

Synthetic isoprene gaskets shall comply with tha following
physical requirements:

Tensile strength, Min.Psi v eeessncaensenrsenssesans 3000
Eiongation at rupture, Min. PerCeNt . e ceeccncnsnsees 429
Compression set, MaX. PErCeNt ....eavveesveeasserces I8
Accelerated aging

Tensile strength retained, min. percent of original .,... 85

Elongation retained, min, percent of original ......... 80
Water absorption

Volume and weight increass, max. percent ., v.esvsoes 5
Durometer hardness, points .. .vevveevecosanassess GOES

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 D412

Elongation “Tension Testing of Vulcanized Rub-
ber”’, ASTM Designation D412

Compression Set Compression Set of Vulcanized Rub-
ber”, ASTM Designation D-395, Method
B. age 22 hours at 720°C

Accelerated Aging *Oven Test for Aging of Rubber”,
ASTM Designation D-573, age 96 hours
at 70°c

Water Absarption “Change in Properties of Elastomeric

Vuicanizates Reculting from immersion
in Liquids”, ASTM Designation D471,
age 48 hours at 70°C

“indentation Hardness of Rubber and

Plastics by Means of a Durometer”’, Type
A, ASTM Designation D-2240

Durometer Hardness

STEEL CYLINDER

The steel cylinder shall be made of hot rolled steel sheets not
lightar 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 far Hot-Rolled Carbon Steel Sheets and
Strip, Structural Quality”’, Grade C, ASTM Designation A-570.

Each completed cylinder, with joint rings welded to its ends,
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 10 25,000
psi in the cylinder. While under pressure test, all welds shall be
thoroughiy inspected. If any leaks are found, they shall be repaired
and the cylinder shall be retested. The finished cylinder, with joint
rings atrached, 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.

STEEL REINFGRCEMENT

The wire used for circumferential reinforcement shall conform
to the requirements of “*Standard Specification for Hard-Drawn
Steel Mechanicat Spring Wire”', ASTM Designation A-227 and “Stan.
dard Specilication for Stee! Wire, Hard-Drawn for Prestressing Con-
crete Pipe’, ASTM Designation A-648,
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CONCRETE

Cement shall fulfill the requiremant of "Standard Specification
for Portland Cement, ASTM Designation, C-150. Concrete aggre-
gates shall be composed of hard durable particles, clean and free
from {0am or organic materials. Water used in mixing tha 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
sccurately proportioned for density and strength. {n no case shail
the cement content be less than 564 ibs. {6 bags) per cubic yard in
the finished product.

The concrete lining of the steel cylinder shall be piaced by the
centrifugal process or other approved method. The concrete place-
ment method in conjunction with the curing procedure empioyed,
shall produce concrete of the required strength of quality. The inner
surface of centrifugated pipe may be finished either while it is stitl
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 Concrete Compression and Flexure Test Spect-
mens in the Field"”, ASTM Designation C-31, and cured in the sarme
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 shail
be limited to times when the temperature in the curing enciosure is
continuously above 40°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 aliowed before moist steam is admitted in cantact with the
cores. The temperature within the enclosure shall be gradually raised
to st least 110°F and not more than 130°F fora period of at least
24 hours, The preset time shail be included in the 24 hour period,
Curing by steam shall be continuous, except during a period suf-
ficient to remove the forms or supporting rings.

- The end rings shall not be removed until at least & hours after
the beginning of steam curing. Following this minrimum period, in
fizu 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—Tha core shail be kept moist by water spraying for
# 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 sprinkiing for a further period of three days.

-

o,

CEMENT MORTAR COATING |

The cement mortar coating shail be applied to the cores after
they have been wrapped under tension with high tensile wire, The
mortar used for this coating shalt 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 surfaca of
the core to produce a dense coating around the prestress wires, The
thickness of coating, measured from the outer surface of the cyiin-
der, shall not be iess 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
teast 12 hours. The pipe shall be hardled in such a manner as 10
avoid injury to the coating during transportation to and from the
curing chamber, :

Water Curing—~As soon as the coating has set sufficiently, it shall
be kept moist by continuous water spraying of by intermittent
spraying and burlap and canvas cavering 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 2 bevel or by bevel adapters. Fittings shall be designed 10 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 zbove
specification are designed to meet 3 test with leakage not
exceeding 25 gallons per inch of diameter per mile of pipe
per 24 hours, 2t normal operating pressure.

Small cracks in the toncrete which are not damaging
should not be considered as cause for rejection,

The term “ASTM’ sha!ll mean the American Society for
Testing and Materials. When specific ASTM specifications
are cited, the designation shail be construed to refer to the
latest revision.
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SPECIFICATIONS FOR PRESTRESSED CONCRETE EMBEDDED CYLINDER PIPE WITH RUBBER AND STEEL JOINTS

Produced Accarding to
AWWA Standard C-301-72

TYPE OF PIPE

The pipe shall be of the type known as Prestressed Concrete
Embedded Cylinder Pipe. it shail be reinforced with a welded steel
cylinder with steel joint rings welded to its ends. The steet cylinder
shall be lined with not less than 1'‘ of concrete and the norminal core
wall will be according to the table on the facing page. The core shall
be wrapped with 2 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 eapable of caring for normal maovement
due 1o earth settlement and extremes of temperature.

DIMENSIONS
The dimensions of the straight pipe shatl be in accordance with
the table on the facing page.
Dimensions for larger diameters shall be submitted by the manu-
facturer for zpproval. 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 shali 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,

PIPE DESIGN

The diameter of wire used, its centerline spacing and the tension
under which it is wound asround 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 shail not
exceed 75% of the minimum ultimate tensile strength of the wire,
The maximum centerfine spacing shatl be 1-1/2”. Minimum center-
line spacing of the wires shall be that which produces 8 clear
distance between wires of 3/16", The minimum diameter of the
wire used shall be No. 8 gage.

Steel sheets and stee! 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 dav compressive strength, The initial
compression induced in the concrete shall not exceed 55% of its
compressive strength at the time of wrapping,

PIPE JOINTS

The joint shall be seated by a rubber gasket in such 8 msnner
that it will remain tight under all conditions of service, including
movement due to expansion, contraction and normal settlement.
Each iength of pipe shall be provided with bell and spigot ends
farmed by steel joint rings weided 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 gasket. The joint surfaces shail be of such shape
ond dimensions that the joint will be self-centering when the pipe is
laid 50 that the gasket will not be required 10 support the weight of
the adjoining pipe.

Stec! of flat section for beill 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-
tura! Quatity”, Grade €, 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 10 assure a watertight and permanent seal and shall be the

product of & manufacturer having at least five years’ experience in_ 56—

the manufacture of rubber gaskets for pipe joints, The gasket shall
be a continuous ring, of suitable cross-section and of such size 2s 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 shal! 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 whitle in
the stretched condition. Cement mortar or plastic materials used to
tinish the joint shall not be depended upon for watertightness,

Synthetic isoprene gaskets shall comply with the following
physical requirements:

Tensile strength, MiN. pPsi .o cisneverinctosesrssnness S000
Elongation at rupture, min, percent . ...eseccscacancas 428
Compression Set, MaX.PErCent ...esecsssccssssanses I8
Accelerated aging

Tensile strength retained, min. percent of original ,,... 8§5

Eiongation retained, min. percent of original ,.ve.040.. 80
Water absorption

Votume and weight increase, Max. Percent v.veesesese 5
Durometer hardness, points . v ccvvesviecornneenana. 6025

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

Tensile Strongth *Tension Testing of Vulcanized Rube
ber’’, ASTM Designation D412

Elongation “Tension Testing of Vulcanized Rub
ber”, ASTM Designation D412

Compression Set “Compression Set of Vulcanized Rub-
ber”, ASTM Designation D-385, Method
B, age 22 hours at 70°%

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

Water Absorption “Change in Properties of Elastomerie

Vulcanizates Resulting from !Immersion
in Liquids”, ASTM Designation D471,
8ge 48 hoursat 70 C

“Indentation Hardness of Rubber and
Plastics by Means of a Durometer”™, Type
A, ASTM Designation D-2240

Durometor Hardness

STEEL CYLINDER

The steel cylinder shall be made of hot rolled steel sheets not
lighter than No. I8 goge for 24™ thru 48" diameter pipe and 16 gaoe
tor 54" and above, both t.5. Standard and conferming to the
requirements of “Standerd Specification for Hot-Rolled Carbon
Steel Sheets and Strip, Structural Quality”, Grade C, ASTM Desig-
nation A-570.

Each completed cylinder, with joint rings welded to its ands,
shall be subjected to a hydrostatic test by closing the ends st 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 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 8ttached, shall be watertight under the required test pressure,
Weiding shail be by an approved process and test welds shail be
furnished from the work as required,

STEEL REINFORCEMENT

The wire used for prestressing shall conform to the requirements
of “Standard Specification for Hard-Drawn Steel Mechanical Spring
Wire”, ASTM Designation A-227 and “‘Standard Spectfication for
Steel Wire, Hard-Drawn for Prestressing Concrete Pipe®,
Designation A-648.



CONCRETE

Cement shall fulfill the requirements of "“Standard Specification
for Portland Cement’’, ASTM Designation C-150. Concrete aggre-
gates shal! be composed of hard durable particles, clean and free
from toam or organic materiais, Water used in mixing the concrete
shall be clean end 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 564 tbs. {6
begs) 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 davs as measured by 6 x 12 companion
cylinders molded in accordance with the “Standard Method for
Mzking 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 10 the
requirements of this section, the average of any ten consscutive
strength tests of cylinders representing fach type of concrete shail
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 steeam or warer. The use of water shall
be limited 1o times when the temperature in the curing enclosure is
continuously above 40°F. Adequate facilities and space shall be
provided for proper curing.

Steam Curing—The cores shall be placed in the steam curing
chamber or atherwise covered by a suitable enciosure that will allow
proper circulation of steam. A delay period of from 1 10 4 hours
shall be atlowed before moist steam is admitted in contact with the
cores. The tcmgerature within the enclosure shall be gradually raised
to at least 110°F and not mare than 150° 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-
ticient 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 cores may be “tipped*’ from their bases
and removed to the siorage yard, where they shall be kept contin-
uously moist by intermittent spraying for a period of at least 6 days,

Water Curing—The core sha!l be kept moist by water spraying for
a period of 32 hours. The forms shali 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 COATING

The coating, either cement mortar or concrete, shall be applied
to the cores after they have been wrapped under tension with high
tensiie wire.

CEMENT MORTAR COATING

The mortar used for this coating shail consist of one part of
cement 10 not more than 3 parts of the fine aggregate measured by
volume. The mortar shall be placed on the pipe by 8 maching in
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which the mortar, previously mixed, is driven against the exterioe,
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 specitied.

CONCRETE COATING

The concrete used for this coating shall be so proportioned that
the cement content is no less than 658 |bs. {7 bags) 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 iess than 1,

CURING OF COATING

Steam Curing—The coated pipe shall be placed in the curing
chamber a&s soon as practicable after ptacing 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 manher as t©
avoid injury 10 the coating during transportation to and from the
curing chamber,

Water Curing—As soon as the coating has set sufficiently, 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 spigat joint rings are placed
on a bevel or by bevel adapters. Fittings shalt be designed to provide
the same strength as the adjacent pipes. Elbows, tees, reducers and
wyes shall ke of nonprestressed 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 carresponding
to those on adjoining straight pipes. Special adapters shall be pro-
vided where required to cannact 1o valves or pipes 6f other manu-
facturers.

NOTE-Pipe lines utilizing the type of pipe covered by the above
specification are designed 1o meet a test with ieakage not
exceeding 25 gailons per inch of diameter per mile of pipe
per 24 hours, at normal operating pressure,

8mall cracks in the concrete which are not damaging
should not be considered as cause for rejection,

The term “ASTM™ shall mean the American Seciety for
Testing and Materials. When specific ASTM specifications
are cited, the designation shail be construed to refer 10 ths
latest revision,



Scone

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. Itisintended 1o compiement speci-
fications for various types of line pipe.

Except for cement-mortar lined and
coated steel pipe, this specification does
not cover maodifications of line pipe such
as affixing outlets to standard pipe sec-
tions. However, the combination or
attachment 1o hine pipe of fittings or
elements of fittings made under this
specification may be permitied.

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 | or Type 11, unless otherwise speci-
fied. Cement shall be stored in a dry, well
ventilated location protected from the
weather,

1.2  Aggregates:

Aggregaties shall conform to the current
“Specification for Concrete Aggregates™
{ASTM Designation: C33}, except that
grading requirements therein shali not
apply.

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

Specification

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

1.4 Admixtures
The use of admixtures 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 10 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
censistency of the martar shall be used,
and the total free water content of the
mixture shall not exceed 7% gallons per
sack of cement. For mechanically appiied
coatings, the water content of the mortar
shall be not less 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 shail conform to the current
“Specification for Hot Rolled Carbon
Steel Sheets and Strip, Structural
Quality” {ASTM Designation: AS70)},
Grade B or C. Steel plates shall conform
10 the current “"Specification for Low and
intermediate Tensile Strength Carbon
Steal Plates of Structural Quality* (ASTM
Designation: A283), Grade C.or D or
""Specification for Structural Stee!”
(ASTM Designation: A36).

Note: ASTM AB70 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-Steet Bars for Concrete
Reinforcement”™ (ASTM Designation:
AB15}, Grade 40, except that ASTM
AB15 bar smaller than No. 3 shall meet
the applicable requirements for No. 3 bar.
Steel wire 10 be embedded in the coating
shait conform to the current **Specifica-
tion for Cold-Drawn Steel Wire for
Concrete Reinforcement” {ASTM Desig-
nation: A82).

2.3 Steel for Joint Rings

Steel for bell and spigot joint rings shall
conform 10 the current AlS! Grada
Designation 1012 or “Specification for
Merchant Quality Hot-Rolled Carbon
Steel Bars” {ASTM Designation: AS75}
Grade Designaticn 1012 for beil rings and
“Specification for Special Quality Hot-
Rolled Carbon Steel Bars™ (ASTM Desig
nation: AB76), Grade Designation 1012
for spigot rings.

24 Welded Wire Fabric

Welded wire fabric shall conform to the
current “"Specification for Welded Stee!
Wire Fabric for Concrete Reinforcement™
{ASTM Designation: A185).

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, Normatized.
Foragings shall comply with the current
“Specification for Forged or Rolled Steed
Pipe Fianges, Forged Fittings, and Valves
and Parts for General Services"™ (ASTM
Designaticn: A181), Grade | or i1,

2.6 Flanges
Flanges for service ratings not greater
than 275 psi shall comply with the cur-



ren? specifications for ""Steet Pipe
Flanges™ (AWWA Standard: C207).
Flanges for service ratings greater than
275 psi shall comply with the current
specifications for **Steal Pipe Flanges and
Flanged Fittings” {ANSI Standard:
B16.5). Flanges 10 inches and smaller
may be slip-on welding flanges conform-
ing 10 ANSI B16.5.

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-
cent of the specified minimum yieid
strength of the sheet or plate used in the
¢ylinder,

&. Bends or Elbows

Unless otherwise indicated, the minimum
centerline radius of an elbow shall be as
follows:

Fitting Diameter Minimum Centerline
Range Radius
up to 51in. 2.5 times inside diameter
51— 60in. 10 feet
over 60 in. 2 times inside diameter

The maximum deflection at mitered girth
geams 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 1o the inside
diameter of the run as shawn in the
following table:

Run Maximum Ratio
Diameter Crotch
Range Collars {Wrappers| Plates
uplo 24 in, 6 1.0 |No Limit
24 in, and over R} B |No Limit
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Where Rati ""'——""‘Db
ere Hatia = Dr X s:.ng
and
Dy, = Nominal inside diameter of outlet,

tee or wye branch, inches

D¢ = nominal inside diameter of run,
inches
€ = 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. Qutlets 3 inches in
diamater or smaller may not require
reinforcement.

6.1 Sizing of Collars and Wrappers

The shoulder width “W" af 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 diameier of the
branch cylinder. The thickness of the
collar or wrapper shall be not less than

T as determined by

_ Pwx 1Dpx IDpx (2-sinf)
T axfgx Wxsind

T

where

Pw = design pressure, psi

1D¢= inside diameter of run cylinder,
inches

IDp= inside diameter of branch cylinder,
inches

fs = design stress, psi {Section 4)

6 = angle between the longitudinal axis
of run and branch, degrees

T = thickness of wrapper, inches

W = shoulder width of wrapper, inches

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,
Chapten, Wiltkinson, King and Nelson and
published in the June, 1955 issue of the

-59-

*Journal of the American Water Works
Association.” '

7. Rubber Gasket Joints

At the option of the manufacturer, belis
and spigots for rubber gasket joints ta line
pipe shall be provided by welding 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 shage. The
nominal thickness of a preformed beli
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 diametar as
joints in the line pipe. Jointringson
completed fittings shall havs the follow-
ing circumferential tolerances:

Tolerance on Taged
Circumference

Joint Ring Minus - Plus
gell 0 0.10in.
Spigot 0.10in. 0




Longitudinal seams and girth seams shall
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
veelders or welding operators who have
had experience in the methods and
materials to be used.

8.3 Weld Inspaction and Testing

Al welds shall be visually inspected in
process and upon completion for compli-
ance with the approved drawings. Final
testing shall be in accordance with
Secticn 15 of this specification.

The inspector may reguest, 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
1ests and the results shall conform 1o the
provisions of Section 3.4.8 of the current
specification for “"Steel Water Pipe 6
Inches and Larger’”” (AWWA Standard:
C200). 1f any specimen so tested fails to
meet the requirements, retests of two
additional specimens from the same weld-
ing work shall be made, each of which
shall meet the requirements specified.

9, Preformed Joint Rings

The joint ring stock shall be rolled and
buttwelded 10 form round steel rings. Re-
sistance or electri¢c 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
basized by expansion beyond their elastic
limits, Stee! 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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weided wire fabric shall be applied to ex-
terior steei surfaces which are to be
cement-martar coated. Plain 2-inch x 4-
inch x No. 13 gauge welded wire fabric
shall be applied 10 interior steel surfaces
of fittings 27 inches in diameter and larger
which are to be cement-mortar lined,
Wires at Z-inch spacing shali 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-
martar finings will nat be required for
centrifugally placed or in-place linings.

11. Concrete or Cement-Mortar Lining
Concrete or cement mortar for tining
fittings shall meet the requirements of
Section 1.5 or 1.6, and shall be applied
centrifugally, pneumaticelly, 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
shali not vary maore 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 shalf 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
paddie type mixers. No water may be
added once the mix has been discharged
from the mixer.

11.2 Pneumatic Application

Aggregate and cement {or pneumatically
applied cement martar shall be batched
by weighing, or by volume if pericdic
weight checks are made. Water shall be
added to the mix by means of a manually
operated water injection system at the

- &0

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 tiow of material:

12. Cement-Mortar Coating

Cement mortar for coating fittings shall
meet the requiremensts of Section 1.6 anc
shall be applied mechanically, preumati-
cally or by hand. The minimum thickne:
of the coating over the stee! sheet or plat
shall be 1 inch. Temperature of the mor-
tar mix shall be not less than 40°F at the
time of placement.

12.1 Mechanical Application

Fine aggregate and cement for meachani-
cally epplied cement-mortar ¢eating shall
be batched by weighing, and all water usec
in the mix shall be metered or weighed.
All materials shall be mixed for not less
than 1 minute in pan, turbine, or paddle
type mixers. No water may b2 added oncs
the mortar has been discharged from the
mixer., Rebound not 10 exceed one-
fourth of the 1otal mix weight may be
used but the recyiting mix sroparuons
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 accordance with Section 11.2.

13. Curing

l.inings and ccatings 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 AOOF, and except that
membrane cure shall not be used for
centrifugally applied linings. Water cure
and steamn cure may 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 9G°F within 3 hours or until
the concrete or cement mortar has taken
its initial set, whichever occurs first. The
ambient vapor shall then he maintained at
3 temperature between 110°F and 150°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, centrifugaliy 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 sha!l 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 hydrostaticaliy tested, no
further test will be required on seams so
tested. Defects revealed by any of the
alternate test methods sha!ll 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-

ciently identified to show its proper loca-
tion in the pipeline by reference 10 lavout
drawings or schedules. Mitered ends shall
be marked to show degree of beve! and
the point of maximum pipe length at the
spigot end.

17. Hendling and Shipment )

Fittings shall be handled carefully. and
blocking and hold-downs used during ship-
ment shall prevent movement or shifting.
Leading ends of tittings on trucks or rail
cars shali be bulkheaded or covered to
prevent excessive drying of the linings.

Important Note

Pipe Products are engineered arid manu-
factured to perform the functicns for
which they are recommanded in our
literature. Qur recommendaticons are
based on sound engineering principles and
hundreds of successful insiaitai cns;
nevertheless, our products must be preo-
erly installed and used in zccordence with
good engineering judgment end practice.

The information offered herein is to be
used as a guide and is not 1o be t3ken a5 3
warranty or representation for winich
Amercn assumies any teqgat respensinility.
There i$ NO assurance—sseniiic or
implied—that the usz of h.¢ 1ecanical
information in designs ans spenifications
will insure 3 successfui 13z 1t (s stfered
solely for your revievs and consigieration.
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THREE EDGE BEARING TESTS

qsn’ Designation: C 497 - 75

Standard Methods of Testing

CONCRETE PIPE OR TILE!

This Standard is issued under the fixed designation C 497: the number immediately following the designation indicates the
year of originul adoption or. in the case of revision. the yeuar of last revision. A number in parentheses indicates the year of

last reapproval,

1. 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
External Load Crushing Strength ..... 307
Core Strength ..................... 8o 12
AbSOrpLioOn . ....vnt it iiaiaanan 13to 16
Hydrostatic ....................... 17
Permeability ............. ... .. ... 18

1.3 The test specimens shall not have been
exposed 10 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-
lindricul 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?

EXTERNAL LOAD CRUSHING
STRENGTH 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 2 uniform rate of not less than
500 nor more than 2500 lbf/linear ft of pipe
per minute (not less than 7.3 nor more than
36.5 kN/hneuar m of pipe per minute).

4.2 The testing machine shall be substantiat
and nigid throughout, so that the distribution
of the load will not be affected appreciubly by
the deformation or vielding of any part.

4.3 The three-edge-bearing method of
loading shall be used. The test specimen shall
be supported on 1wo parailel longitudinal
strips extending the full length of the barrel,
and the load applied through a 1op 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 1 in. (25 mm) nor more than 112 in,
(38 mm) in height and shall have the top in-
side corners rounded to a radius of 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 | in. nor more

' These methods are under the jurisdiction of ASTM
Commitiee C-13 on Concrete Pipe and are the direct re-
sponsibifity of Subcommittee CE3.09 on Methods of Test.

Current edition approved Oct. 31, 1975, Published De-
cember 1975, Onginally published as €497 ~ 62 T. Last
previous edition C 497 - 74

* Annual Book of ASTM Standards, Part 14.
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than 12 in., and shall have the top imside
corner rounded to a radius of % in.

4.5 The bottom bearing strips shall be fas-
tened to a wooden or steel beam or directly o
a concrete base, any of which shall provide
sufficient rigidity to permit application of
maximum load without deflection greater
than %y of the specimen length. The inte-
rior vertical sides of the strips shall be parallel
and spaced a distance apart of not more than
1 in./ft (0.08 mm/mm) of specimen diameter,
but in no case less than [ in. (25 mm}. The
bearing faces of the boltom strips shall not
vary from a straight line vertically or horizon-
tally by more than %; 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 shali be fastened to a steel or wood-
faced sieel beam of such dimensions that de-
flections under maximum load will not be
greater than % of the specimen length.
The bearing face of the top bearing block
shail not deviate from a straight line by more
than %, 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 width of not tess than 2 in. (51
mm) and a thickness of not less than | in. (25
mm) nor more than 1% in. (38 mm) and shall
be secured to a wood block meeting the abov
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 1 in. (25 mm)
in thickness may be cast on the surface of the
vpper and lower bearings. The width of the
fillet cap. top or botiom, shall be not more
than I in./ft (0.08 mm/mm) of the specimen
diameter, but in no case less than | 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.
1, 2, 3, and 4). At the option of the manufac-
turer, the center of the toad 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
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length of pipe or tile being tested and the ri-
gidity of the test frume. Mulliple points of
load application to the top bearing will permit
use of lighter beams without appreciable de-
flection.

-5, Calibration

5.1 The leading 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.}
until either the formation of a 0.0}-in. (0.25-
mm) crack width or an ultimate strength
load, as may be specified. is reached. If both
the 0.01-in. crack and uliimate load are re-
quired, the specified rate of loading need not
be maintained after the load at 0.01-in. crack
has been determined.

6.4 The 0.01-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
al close intervals, occurs throughout a length
of | ft (305 mm) or more. Consider the crack
0.01 in. (0.25 mm) tn width when the point of
the measuring gage will, without forcing, pen-
etrate Yo in. (1.6 mm) at close intervals
throughout the specified distance of 1 ft.
Measure the width of the crack by means of a
guge made from a leal 0.01 in. in thickness
{as in a set of standard machinist gages}),
ground to a point of ! 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-

45
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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
shown in Figs. 1. 2. 3, and 4. For tongue and
groove pipe, the luying fength, 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 will include
the dead toad of the top bearing pius the toad
applied by the loading appuaratus.

CORE STRENGTH 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
at least three times the maximum size of the
coarse aggregate used in the concrete. [ cores
are cut from the wail of the pipe and tested,
the length to diameter ratio snall lie between
one and two ufter 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 shull
be submerged in lime-saturated water in ac-
cordance with the provisions of Method C 42.

NoTe—Length-diumeter correction [actors for
dry concrete appear to depart considerably from
those applicuble to souked concrete, hut have not
been firmly established; therefore, when cores are to
be tested dry. only those with a length-diameter
ratio of 2 to | shull be used. If such cores are not
available, moisture condiuoning shall be manda-
tory.

©
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11. Procedure

11.1 End Preparation and Capping—Core
specimens to be tested in compression shali
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 0.1 in. (2.5 mm ) and determine its
average diameter to the nearest 0.1 in. from
twe measurements taken at right angles near
the center of the length.

[1.3 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 ratio 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 Correction

to Diameter, ! /d Facte:
1.75 [
1.50 0.5
1.25 0.
1.10 04
1.00 L1 2P0

ABSORPTION TEST

13. Test Specimens

13.1 Method A Specimens—Meithod A
absorption test specimens shall be in accord-
ance with the requirements of the applicable
pipe specification and shall “e used for the
absorption procedure that requires 5 h for
boiling and a natural water ¢ooling period of
141024 h.

13.2 Method B Specimens—Method B
absorption test specimens shall consist of three
1 Y2-in. diameter cores as taken from the two
ends and the center area of each tile, pipe, or
section.

4 -
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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 of 221 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 9.10 % 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 migimum
of 24 h; dry specimens with a wall thickness
of 1.5t0 3in. (38 10 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
minimem of 24 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 235°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 1o
boiling in not less than 1 h and not more than
2 h. Do not apply live steam to the water to
shorten the preboil period until ! 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 1 h and not more than 2 h. Do
not apply live steam to the water to shorten
the preboil periods until { 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 pericd of 3 h by running cold tap water
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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 | 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 -necimens
weighing less than 1 kg to an accuracy of 0.10
% of the specimen mass. Weigh specimens
weighing more than | kg to an accuracyof 1 g.

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 of the specimen, and
express it as a percentage of the dry mass.
Report the result as an average of the three
114-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 % less than the absorption
designated in the Method A procedure. When
the absorption. as computed by the Method B
procedure, does not meet the specified require-
ment, the producer may perform a retest
using Method A,

16. Procedure for 10-Min Soaking Absorption
Test

16.1 Test specimens for the determination
of the 10-min water soaking absorption may
be thc 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 spectmens in clear water for 10 min
at room temperature. Then remove the speci-
mens and weigh in accordance with 14.4, cal-
culate the percentage absorption, and report
in accordance with the provisions described in
Section [5.

- 65"
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HYDROSTATIC TEST

17. Procedure

17.1 Tne 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 33°F
(1°C).

17.3 Coanect a standardized pressure gage
close to the specimen, and bring the watcr
pressure up to 10 psi (69 kPa}) in about | min,
and hotd at this pressure for 10 min.

C 497

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 en a soft
rubber mat or its equivalent. weighted il nec-
essary, and kept filled with water to 2 level of
the base of the socket during the test period.
Make the initial inspection approximately 1S
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 pertod for existence of moist or
damp spots.
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FIG. 1 Three-Edge Bearings.
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At least 6 by 6in.
{152 by152 mm )

Space not More Than 1in. (25mm}/¢1.(0.3m)
of Spon But not Less Than 1in. {25 mm)

Norte 1—The figure illustrates a method of appling the louad to the pipe.
NoOTE 2—At the option of the manulacturer. the support and bearing beams muy be varied as indicated by the dotted lines.

FIG. 2 Three-Edge-Bearing Test, Arch Pipe.
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Spoce not More Than tin. (25 mm)/11.(0.3 m)
of Spon But not Less Thagn 1in. (25 mm)

Note 1—The figure illusteates a method of applying the load 1o the pipe.
Nove 2-—At the option of the manufacturer, the support and bearing beams may be varied as indicated by the dotted lines.

FIG. 3 Threc-Edge-Bearing Test, Horizontal Elliptical Pipe.
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: 2 (152 by 152 mm)

Spoce not More Than 1 in.(ZSmm)/fL (0.3m})
of Span Butnot Less Thar 1in {25mm)

Novr. }—The figure illusirates a method of applsing the load to the pipe,

NOTe 2—Aq the option of the manufacturer, the support and bearing beams may be varied as indicated by the dotted

lines.
FIG. 4 Three-Edge-Bearing Test, Vertical Elfiptical Pipe.
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F1G. 5 Gage Leaf for Measuring Cracks,

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted
in connection with any item mentioned in thes standard. Users of this standard are expressly advised that determination of the
validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
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BELL AND SPIGOT RINGS

(Alternate to ASTM A 306)

qg'“" Daesignation; A 283 -74

American Nations! Standard G24.2
Amasrican National Standards insthute

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race S1., Phiadeiphia, Pa., 19103
Reprinted from the Annual Book of ASTM Siandards, Copyright ASTM
1f not fisted in the current combined index, willi appeasr in the next edition

Standard Specification for

LOW AND INTERMEDIATE TENSILE STRENGTH
CARBON STEEL PLATES OF STRUCTURAL

QUALITY!

This Standard is issued under the fixed 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 parentheses indicates the year of

last reapproval.

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. General 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.!

3. Process

3.1 The stee! shall be made by one or more
of the following processes: open-hearth, basic-
oxygen, or electric-furnace.

4. Chemical Reguirements

4.1 The heat analysis shall conform to the
requirements prescribed in Table [,

4.2 The steel shall conform on product
analysis to the requirements prescribed in
Table 1, 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 %, 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 poimis shall be
made for each decrease of ¥ in. (0.79 mm)
of the specified thickness below % 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
1o the thickness of the specimen as prescribed
in Table 3.

3 This specification is under the jurisdiction of ASTM
Committee A-1 on Sieel, Stainless Steel and Related Alloys,
and is the direct responsibility of Subeommutice AQT02
on Structural Steel for Bridges, Buildings,” Rolling Steck,
and Ships.

Current edition approved July 29, 1974. Published Sep-
tember 1974, Origina?ly gublishcd as A 283 - 46 T. Lamt
previous edition A 283 < 70a.

$For ASME Boiler and Pressure Vessel Code applica-
tions sce related Specification SA-283 in Section 11 of that

Code.
'cAnmwi Book of ASTM Standards, Part 4.

70-
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TABLE 1 Chemica! Requirementy

Heat Analysis, %

Phosphorus, max 0.04
Suifur, max 0.0§
Copper, when copper 0.20
stec] is specified,
min

TABLE 2 Temile Requiremesnts

Grade A Grade B Grade C Grade D
Tensile strength, psi (MPa) 45 000 {310) to S0 000 (345) 10 55 000 {380 te 6D 000 (415) t0
55 000 (380) 60 000 {415) 65 000 (450} 72 D00 (495)°
Yicld point, min, psi (MPa) 24 000 (165) 27 000 (185) 30 000 (205 33 000 (230)
Elongation in § in. or 200 mm, 27 25 22 20
min, %*¢
Elongation in 2 in. or 50 mm, 30 P2 23 pi)
min, %°

*The upper limit of 72 000 psi (495 MPa) shall be increased by 3000 psi (20 MPa) for material over 1% in. {38 mm)
in thickness.

* See Section 5.2

¢ Elongation not required to be detcrmined for floor plate.

TABLE 3 Bend Test Requirements

Ratio of Inside Diameier of Bend to Thickness of Specimen®

Tllickngss of Material,
in. (mm) Grade A Grade B Grade C Grade D

¥ {19} and unde " flat on itself flat on itself flat on itselfl 4
Over % te § (19 to 25), incl flat on itself fat on itsell ¥ 1
Over 1 to 142 {25 to 38), incl Ya W 1 1A
Over 134 to 2 (38 1o §1), incl | 1% 2 2%
Over 2 to 3 {510 76), incl 145 2 p1%1 3
Over 3 10 4 (76 10 102), incl 2 2% 3 . MA
Over 4 (102) 2% 3 - I 4

* The above ratios apply to the bending performance of 2 test specimen only. This specimen is always 1aken in the !Ongi-‘
tudinal dircction and usually has some edge preparation, Where plates are 1o be bent in a fabricating operation, more lib-
erat bend radii must be used, particularly if this bend axis is in the unfaverable {longitudinal) direction.

By pudlication of this standard no position is taken with respect 1o the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utiliting the standard
against liability for infringement of any Letters Patent nor assume any such liahility.

-7~
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BELL AND SPIGOT RINGS

American National Standard G24.3-1967
Amaerican National Standards Institute

qsn’ Designation: A 306 ~ 64 (Reapproved 1972}

AMERICAN SOCIETY FOR TESTING AND MATERIALS

191 Race St., Philadelphia, Pa., 19102
Reprineed from cthe Annual Book of ASTM Sundards, Copyrightr ASTM

Standard Specification for
CARBON STEEL BARS SUBJECT TO MECHANICAL
PROPERTY REQUIREMENTS'

This Standard is issued under the fixed designation A 306: 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.

1. Scope

.1 This specification? covers carbon steel
bars furnished in the as rotled condition, sub-
Jject to mechanical property requirements and
intended for general constructional applica-
tions.

NoOTE 1—The values stated in U.S. customary
units are to be regarded as the standard.

2. General 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.

3. Basis of Purchase

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

3.1 Quantity (weight or number of
pieces),

3.1.2 Name of material (carban steel bars),

3.1.3 Cross-sectional shape,

3.1.4 Size,

3.1.5 Length,

3.1.6 Bend 1est, if required (Section 10.2),

3.1.7 Grade designation or corresponding
tensile limits (Section 6.1),

3.1.8 Bessemer steel option, if acceptable
(Scction 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.

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.

§. Ladle Analysis

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

Composition,
Element percent

Phosphorus, max:

Open-hearth and electric-furnace 0.040

Bessemer 0.1
Sulfur, max:

Open-hearth and clectric-furnace 0.050

Bessemer 0.060
Copper, when copper sleel is specified, 0.20

min

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

6. Tensile Properties
6.1 The material shall conform to the appli-

'This specification is under the jurisdiction of ASTM
Committee A-] on Steel, Stainless Steel and Related Al-
loys and is the direct responsibility of Subcommitiee
AOL.15 on Bar Steels.

Current edition accepted June 15, 1964 Originally is
sued 1947, Replaces A 306 - 60 T. Grade 65 replaces edi-
tions of A 7.

*For ASME Boiler and Pressure Vessel Code applica-
lc'-l_grés sce related Specification SA-306 in Section 1 of that

c.

* Annual Book of ASTM Standards, Part 3.
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cable requirements as to tensile properties
prescribed in Table 1.

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 usc of dividers.

6.3 Shapes less than I in.?(6.45 cm?®) in cross
section and bars (other than flats) less than
Y% 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 elengation in 8 in. or 200 mm
specified in Table 1 of 0.25 percent shall be
made for each increase of % in. (0.79 mm) in
the specified thickness or diameter above %
in, (19 mm).

6.5 For material under ¥, in. (7.94 mm) in
thickness or diameter, a deduction from the
percentage of elongation in 8 in. specified in
Table 1 of 2.00 percent shall be made for each
decrease of %, in. in the specified thickness or
diameter below %, in.

6.6 For Grades 45, 50, 55, 60, and 65, for
material over 2 in, (5! mm) in thickness or
diameter, a deduction from the percentage of

“glongation in 2 in. or 50 mm specified in
Table 1 of 1.00 percent shall be made for each
1 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, 2 deduc-
tion from the percentage of elongation in 2 in,
specified in Table 1 of 1.00 percent shall be
made for each | in. of specified thickness or
diameter, or fraction thereof, over 2 in. in
diameter or thickness, to a2 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 reia-
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

- /e

A 306

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.?

8.2 Tension test specimens shall be taken
longitudinmally and may be tested in fuil 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 Metheds A 370,
or with both edges parallel. Test specimens
for material over 1% in. (38 mm) in thick-
ness or diameter may be machined to a thick-
ness or diameter of at least % 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 %
in. (38 mm) and under in diameter or thick-
ness may be the full thickness of the section.
For flat bars over 2 in. (5] mm) in width the
width may be reduced by milling to 12 in.

9.2 Bend test specimens for material over
1% in. in diameter or thickness may be ma-
chired to a thickness or diameter of at least
% in. (19 mm), orto | by 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 Y% in. (1.59 mm) for material
2 in. and under in thickness, and not over 's
in. (3.18 mm} for material over 2 in. in thick-
ness.,

10. Number of Tests

10.1 Two tension tests shall be made from
ecach heat, unless the finished matenial from
a heat is less than 30 tons when one tension
test will be sufficient. If, however, material
from one heat differs m. (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), regardiess of weight represented.

.'t/s
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10.2 Shapes less than 1 in.? (6.45 cm?) in
cross section and bars, (other than flats) less
than 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

A 308

one bend test will be sufficient. If, however.
material from one heat differs *a in. or more
in thickness, one bend test shall be made frow.
the thickest and the thinnest material rolled,
regardless of weight represented.

Note 2—Bend test should be specified by the
purchaser only when the material is 10 be bent cold
during fabrication.

TABLE 1 Tensile Properties

g::ld; Tensile Strength,
aation ksi (MPa)

Elongation,
min, percent
Yield

Point, 8-in, | 2-in.
min, kst {or 200| or 50

{MPa} mm mm
Gage | Gage
Length{Length

45 45 (310) 10 55 (380)
50 |50 ¢345) 10 60 (415)
§5 155 (380) to 65 {450)
60 |60 (415)10 72 (49%5)
65 |65 (450) 10 77 (530)
70 |70 (4851 10 85 (585)
75 |75 (515)10 90 (620)
80 |80 {550} min

22 (150 27 33
25 (175 25 30
27 (185) 2 26
30 (205) 2t 22
32 (220) 7 20
35 (240} 14 13
37 (255) 14 8
40 (275) 13 17

TABLE 2 Bend Requirements

Ratio of Bend Diameter to Thickness of
Specimen for Thickness in Diameter of Bar, in. (mm)

Grade Designation ¥ (19) Over Over | Over Over Over
and *s 10 1 to e 1vz 102 210} Jiws Over
under (191025), (251038). (381oS51) (S1t76) (T6to 127)  5{127)
incl incl incl incl inct
45 flat flat L7 1 i 2 3
50 flat Ly t [ £ 2l 3 3v:
55 L 1 1% 2 2% 3 k1%
60 ] 1 [R%1 % 3 It 4
65 1 i 2 3 3 4 5
0 1% 2 i’ 3 3 4 s
75 : 2 2 3 34 4 44 6
80 2 2v: 3 k1s1 4 4% ]

By publication of this standard no position is raken with respect 10 the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake 10 insure anyone utilizing the standard
against liability for infringement of any Letiers Patens nor assume any such liabifity,

4.
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BELL RING~SPECIFICATIONS

qsn’ Designation: A 570 - 72

Standard Specification for

American National Standard G24.38-1974
Approved Sept. 19. 1974
By Amarican National Standards Institute

HOT-ROLLED CARBON STEEL SHEET AND STRIP,
STRUCTURAL QUALITY!

This Standard is issued under the fixed designation 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 reapproval.

This specification has been approved by the Department of Defense for listing in the DaD Index of Specifications and
Standards. Proposed revisions should be coordinated with the Federal Government through the Army Materials and

Mechanics Research Center, Watertown, Mass. 02172,

1. Scope

1.1 This specification covers hot-rolied
carbon steel sheet and strip of structural
quality in cut lengths or coils. This material is
intended for structural purposes where me-
chanical test valucs are required.

1.1.2 The following grades are covered in
this specification:

Mechanical Requirements

Yield Point. min, Tensile Strength.

Grade psi (MPa) min, pst {MPa)
A 25 000 (172) 45 000 (310)
B 30 000 (207) 49 000 (338)
C 33 000 (228) 52 000 (359)
D 40 000 (276) 55 000 (379)
E 42 000 (250) 58 000 (400)

NOYE 1—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 Delivery

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, including 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-
Rollcd 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 1.

5.2 Product Analvsis 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 1 by more than 25 percent.
When copper steel is specified, the copper

YThis specification is under the jurisdiction of ASTM
Committee A-} on Steel, Stainless Steel and Related Alloys,
and is the direct responsitility of Subcommittee AOL19
on Sheet Steel and Steel Sheets.

Current cdition approved April 3, 1972, Published June
1972, Originaliy published as A 570 - 66 T. Last previous
edition A 570 - 70. -

? Annual Book of ASTAS Standards, Part 3.
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it
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-
tics 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 of Tests

8.1 Two tension tests and two bend tests

A 570

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 rolied
from one heat differs 0.050 in. (1.27 mm) or
more in thickness, one tension test and one
bend test shaill be made from both the thickest
and thinnest material rolled regardiess of the
weight represented.

8.2 Retesis—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 shalt stand rejected.

9. Packaging

9.1 Ceil 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 I Chemical Requirements TABLE 3 Bend Test Requirements
Composition, percent Grade Ratio of Bend Diameter to
Element Thickness of Specimen
Grades A, Grades D
B.C and E A 0
B '
Carbon, max 0.25 025 c 1
Manganese 0.25-0.60 0.60-0.90 D 2
Phosphorus, max 0.04 0.04 E 214
Sulfur, max 0.04 0.04
. Copper, when copper steel is 0,20 020
specified, min
TABLE 2 Tessile Requirements
Grade A Grade B Grade C Grade D Grade E
Tensile strength, min, psi (MPa) 45 000 (310) 49 000 (338) 52 000 (359) 55 000 (379) 58 000 (379)
Yield point, min, psi (MP2) 25 000 (172) 30 000 (207) 33 000 (228) 40 000 (2763 42 000 (290)
Elongation in 2 in. or 50 mm,
min, pereent, for thick- }
nesses: I
0.2299 10 0.0972 in.. incl 270 250 B0 no 19.0
0.0971 to 0.0636 in., incl 250 240 no 200 -18.0
0.0635 to 0.0255 in., incl 23.¢ 210 18.0 15.0 13.0
Elongation in 8 in. or 203 mm,
min, percent, for thick-
nesses:
0.2299 10 0.0972 in.. incl 20.0 19.0 18.0 16.0 14.0
0.0971 to 0.0892 in., incl 180 170 16.0 {4.0 120

By publication of this siandard no position is taken with respect to the validity of any patent rights in connection thers-
with, and the American Society for Testing and Materials does not underiake 1o insure anyone willizing the standard
against liability for infringement of any Leuters Patent nor assume any such liability.
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Appendix A

Design Requirements

This appendix is for information only and is not a part of AWIWWA C02-74.

Al—General

Reinforced 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-
chaser.

A2—Wdall Stress Limits

The circumferential tensile stress in
the concrete of the pipe wall, with no
allowance for steel reinforcement, shall
not exceed 4.5\/}2; as determined by
Eq (1).

Pyt PoD

fet = 2,

(1)

Jee = Circumferential tensile stress
in the concrete in pounds
per-square inch

F, = Working pressure in pounds
per square inch
P, = Transient pressure in pounds

per square inch
D

= [nside diameter of pipe in
inches

t = Wall thickness of pipe in inches

[’ = 28-day concrete design strength

in pounds per square inch

-

A3—Hydrostatic Design

The cross-sectional area of the cir-
cumferential steel reinforcement to re-
sist internal pressure only shall be not

less than the maximum  determined
from Eq (2. 3).
arP,D
A = 15500-737, @
_6(Py + POD
As = 16 500 (3

4, = Cross-sectional area of circum-
ferential steel reinforcement
in square inches per foot of
pipe wall

P, = Working pressure in pounds

per square inch

P, Transient pressure i pounds

per square inch

fnside diameter
inches

D i

of pipe

Il

A4—Combined-Load Design

The pipe shall be designed to resist
the flexural and axial stresses from
each of the following conditions:

1. A combination of working pres-
sure, transient pressure, and dead loads
(earth, pipe, and water)
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REINFORUED CONCRETE PRESSURE PIPE

2. A combination of working pres-
sure, dead loads, and live loads, and

J. Dead loads and live loads with
uo internal pressure.

External dead loads and live loads
shall be computed in accordance with
recognized and accepted theories, such
as presented in Ref. 1, 2,

The coefficients for moment and
thrust shall also be from recognized
and accepted theories, such as pre-
serted 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 applicable
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 ¢ shall be 1.0, the design
yield strength f, shall not exceed 40 000
psi, and an equivalent rectangular con-
crete stress distribution shall be used.

For the alternate design method. the

load and ¢ factors shall each be 1.0, the
allowable tensile stress in the reinforce-
ment shall not exceed 22 000 psi. and
the calculated compressive stress in the
concrete shall not exceed 0.45 f.".

Ab—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.

Appendix B

At least one of the cages shall b
circular in pipe designed for a working
pressure of more than 20 psi or in pipe
larger than 72 in. in diameter. An
inner circular cage and an outer cir-
cular cage shall be used and may be
combined with an clliptical cage in
pipe designed for working pressures of
more than 40 psi. When the remforce-
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
anr 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. 3.3.3,

Ab6—Longitudinal Beam Strength

1f the pipe is to be installed on sieep-
ers or bents or in any other condition
that would create longitudinal bending,
the required beam strength shall be
provided by adjusting either the laying
length or the wall thickness, or both,
so that the concrete flexural tensile
stress does not exceed 4.5v/f.". 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,

Reproduced from

best available copy. %
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DESIGN OF REINFCRCED CONCRETE PRESSURE PIFPE--TABLE 1

Introduction

The purpose of this article is to briefly present a discussion of
the lcadings, bedding, design criteria and design procedure used
by the United States Bureau of Reclamatlon in the design of
reinforced concrete pressure pipe as specified in Table 1. It

is also desirable to prevent the misuse of pipe manufectured in
accordance with the designs presented in Table 1 by describing
the design assumptions and criteria used in these designs.

Loads

Reinforced concrete pressure pipe is designed for dead lcad of the
pipe itself, earth load, the load due to the weight of water in the
pipe, znd the lcad due to the hylrostatic heed measured from the
inside of the pipe to the design gradient. In using Table 1, special
live loads due to 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 varicus trench and projection conditions with various types of soil
and from this study it was concluded that the earth load could dbe
determined from the following formulae:

A=hxD xVW

b o e
H; = unit weight of earth + 20 h/.Dr
Max We = 150

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 cver a
90° central angle. Figure 2 shows the bedding required for reinforced
concrete pressure pipe. These requirements are to assure that
assunptions used in design for pressure distribution are met.

80
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Compacted backfill for bedding
¢ Pipe

- Q.37 Do

\6_ -

' }
Cradle required if compacted \backfiﬂ\
for bedding by tamping, rolling or by
surface vibration. Cradle not required
if compacted backfill for bedding is
compacted by soturation and interngl
vibration.

-

| |+ 0.05 D,

Overexcavate in rock or in unsuitable
materiol as directed and replace
with compacted backfill.

TYPICAL TRENCH
FIGURE 2
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Design Critexia

Concrete design is based on a compressive strength of 4,500 psi.
Reinforeing 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 with Engineering Monograph No. 6.;/ Values
of the coefficients for moment, thrust and shear for the assumed
central bedding angle of 90° are given in Figure 1. Experience
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 cambined internal and external loads are considered,
ultimate design theory is used with & 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 caleulated and the following unit stresses in reinforcement are
allowed:

Hydrostatic head in fedt fs due to head only in psi
0 to 50.1 16, 000
50.1 to 75.1 14,000
75.1 to 125.1 12,500

For elliptical reinforcement the area of reinforcement is 1.6 times
that required for circular reinforcement for hydrostatic head alone.

In accoxrdance with ACI Code 318-63 the reinforcement ratio shall not
exceed 0.75 of the ratio which produces bala?ced conditions at ulbi-
0.85 x f

- l ¢ 87;000
mate strength or maximm p = 0.75 [ f& x 57,000 + fy:]. In
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 compression case,

An investigation of reinforcement cover and bar sizes used by variocus
pipe manufacturers was made. Based on these findings, the following
tabulation is given:

-83-
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Internal diameter .
of nipe (inches) Design cover (inches)
45 and less 0.8750
L8 through 60 0.9375
63 through 69 1.0000
72 through 108 1.2500

For single layer reinforcement, the steel is assumed to be at the
centerline of the cross section. For elliptical reinforcement, at
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 reinforcement, the cover indicated by the above table
is used at all locations.

The minimum longitudinal or radial spacing for circumferential rein-
forcement is based on aggregate size and is 1~1/2 inches clear for

pipe with diameters of A0 inches and less, and 2 inches clear for pirpe
with diameters greater than 60 inches. The maximm longitudinal spacing
is 4 inches center to center of bars. This is an arbitrary spacing
made small to help insure watertightness. The maximim reinforcement
bar size is a number 11 bar and the minimum size reinforcement is

number 8 gage. In determining "d" 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
the ninimum permitted. As some pipe mamufecturers 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 fable.

Enough longitudinal reinforcement should be provided to satisfactorily

tie the reinforcement cage together, keeping the circumferentisl rein-
forcement in place. A minirmm of 4 bars and a maximm spacing of L2

inches is specified. It is the responsibility of the pipe manufacturer

to provide any additional longitudinal reinforcement which may be necessary
to prevent circumferential cracking in the pipe wall and to provide
sufficient rigidity to the cege.

Design Procedure

Consider the pipe section with double layer reinforecement shown in
Figure 3 and refer to Figure 2 or Reference 1 for calculation of
‘maximum moments and thrusts.

-84 -
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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 lezd to a slightly conservative
design. If "a" is greater than "da'" this outer layer of steel will
be in the compression zone and the neglect of it will again lead to

8 slightly conservative design. Neglecting the outer layer of steel,
the campressive force

C = 0.85 f; ba
Suming moments about the tensile steel yields
e = % - y

The ultimate moment
M =Pe=C (a - 2/2) = 0.85 £, ba (a - a/2)

Solving for a

Using 2 1.8 load factor
Huul.B (M - Py) and

P =1.8P
u

Finally, the area of reinforeing steel, for the inner layer,

Xg”



PART III. 12

RC
AL _E*rP _Cc+18P
s £ =~ £ h £
¥ vy ¥

Similarly As for the ocuter layer is calculated.

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.

Pr of
Tl = !d -ar)
P o= Pr(a - 4t - e*)
2 (@ = dr)

Figure %

Referring to Figure 4, the tensile force in each layer of reinforcing
steel is in inverse pronortion to the distance of the direct lcad

from the given layer of steel.

For pipe with one layer of reinforcement 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 armd outer layers as 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 ocutside

steel area will remain the same.

& = depth of rectangular stress blocke-~inches
b = width of beam~-inches

d = distance from extreme compression fiber to centroid of
tension reinforcement-=inches

distance from extreme compression fiber to centroid of
compression reinforcement--inches

e = distance between tension reinforcement and ultimate thrust--
inches

dl

- F-
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distance between tension reinforcement and the equivalent
losd based on mament and thrust--inches

compressive strength of concrete=-psi
yield strength of reinforcement-=psi,

earth cover--Ifeet
& factor defined in Section 1503(g), ACI Code 318-633/

A Jed

radius to centerline of pipe wall~=feet

radius to inside of pipe wall-~feet

thickness of pipe wall--inches

thickness of pipe wall==feet

distance from tension reinforcement to centerline of pipe
walle-inches

total earth load on pipe-~-pounds

area of tension reinforcement--square inches

ccmpressive force in concrete-~-~pounds
outside diameter of pipe--inches

outside diameter of pipe--feet

moment due to dead, earth and water loads--foct-~pounds

ultimate moment--foot-pounds

thrust at centerline of pipe due to dead, earth and water
loads~~-pounds

equivalent thrust, eccentrically located, based on P and M-~
pounds

witimete thrust--pounds

tensile force in reinforcement--pourds
total shear due to dead, earth and water lcads--pounds

effective weight of earth per unit volume-~pounds per cubic
foot

morent coefficient

,g;,?..
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Y = thrust coefficient
Z = shear coefficient
€ = angle from top of pipe--degrees
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Appendix A
Design Requirements

This appendiz is for information and is not a part of ANV A C300-74.

Al—General

Reinforced concrete cylinder pipe
covered by this standard shall Le de-
signed by the method described herein
10 resist the internal pressures and ex-
ternal lcads designated by the pur-
chaser.

A2—Hydrostatic Design

To resist internal pressure alone, the
cross-sectional area of the circumieren-
tial steel reinforcement shall be no less
than the maximum determined from
equations (1) and (2):

6P.D,
* = 12,500 w
D,
4, = 8P PD,

16,500

A, = Cross-sectional area of circum-
ferential steel reinforcement,
including the steel cylinder,
square inches per foot of pipe
wall

P, = Working pressure, psi

P, = Transient pressure, psi

D, = lnside diameter 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 warer)

2. A combination of working pres-
sure, dead loads, and live loads

3. Dead loads and live loads with no
internal pressure.

External dead loads and live loads
shall be computed m accordance with
recognized and accepted theories, such
as presented in Soil Engineering by
AL G. Spangler [International Text-
book Co., Scranton, Pa. (2nd ed,
1960). pp. 396418} and i Con-
crete Pipe Design Manual [American
Concrete Pipe Assn,, Arlington, Va.,
(1970) 1.

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. M. Paris [7Zingi-
neering News-Record, vol, 86, p, 768
(1921)] and i “Stress Analvsis of
Concrete Pipe” by H. C. Olauder
|Eng. Monograph No. 6, US Bureau
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APPENDIX A

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  (working  stress
method) being used.

For the strength method, the load
factor shall be 1.8; the capacity reduc-
tion factor, ¢, shall be 1.0; and an
equivalent rectangular concrete stress
distribution shall be used. The design
yield strength, f,, shall not exceed
40,000 psi for the sides of the pipe, and
the design vield strength shall not ex-
ceed the value determined by equations
(3a) or (3b) for the crown and invert
of the pipe.

Fue = 27,000 psi,

where 4, < 3{4,+ 4,) (3a)
Jvi = 33,000 psi,
where 4, = 1(4, + 4,5 (3b)

fyi = Design vield strength for the
crown and invert of the pipe,
psi

A, = Cross-sectional area of rod rein-
forcement in the tensile zoue
of the crown and invert, square
inches per foot of pipe wall

A, = Cross-sectional area of steel
eylinder, square inches per foot
of pipe wall

For the alternate design method,
the load and ¢ factors shall each be
1.0; the calculated compressive stress
in the concrete shall not exceed 0.45 f,/
(tha  specified 28-day compressive
strength) ; and the allowable tensile
stress in the reinforcement shall not ex-
ceed 22,000 psi at the sides of the pipe
and shall not exceed the value deter-
mined by equation (4) for the crown

~90-

and invert of the pipe, with the appli-
cable value of f,; from (3a) or (3b)
being used,

Jui=0.55f, {4)
fii = Allowable tensile stress for the

iner laver of steel reinforce-
ment at the crown and invert,
psi
When the transient pressure is com-
bined with other loads, the required
capacity for the strength method shall
be reduced by 23 per cent, or allowable
stresses for the alternate method shall
be increased by one third. The pro-
visious 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 foot of pipe.
When 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 ILq (1), with an allow-
able steel stress of 23,000 psi.

The design depth of the pipe wall
section shall be talken 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 11 in. Tor the steel cyl-
inder, the design clear cover shall be
the nominal lining thickness designated
by the manufacturer but no less than
the minimum lining thickness shown
inr Table 3 of Sec. 3.1.3.
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Appendix A

This appendiz is for information only.

Design Procedure
Pretensioned pipe of the type cov-
ered by this standard is designed pri-
marily on the basis of safely resisting
the specified internal design and tran-

sient pressures. Reliance for satis-
factory performance of the pipe under
certain undergromn! conditions must
be placed on the procedures {ollowed
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 will be prevented
(see oreword).

The average circumferential stress
in the steel cvlinder and rod reinforce-
ment at design pressure shall not ex-
ceed 16,500 psi nor 50 per cent of the
specified minimum yield strength of
the steel used in the cylinder when
computed by the following formula

(1):

P.6D,

he A ®

where ...

Je = average circumf{erential stress
in the steel cylinder and rod
reinforcement, psi

P. = design pressure, psi

D, = inside diameter of cylinder,
inches

A, = cross-scctional arca of rod
reinforcement, sq in. per ft of
pipe wall

A, = cross-sectional area of steel
cylinder, sq in. per {t of pipe
wall

In design, determine the cylinder
thickness and the area of reinforce-
ment rod per {t of pipe wall on the
basis of the foregoing formula (1) and
the provisions of Sce. 3.2.2, applyving
the pipe diameter and the lining thick-
ness required in Sec, 3.1.4. Determine
compatible rod size and spacing, and
check for complance with provisions
for clearance, mimimum rod reinforce-
ment area and limitation as to per cent
of total steel area, as specified in Sec.

322

Should it be necessary to provide an
allowance for {ransient pressure greater
than 50 per cent of the design pressure,
as stipulated in Sec. 3.2.1, the average
circumferential stress in the steel cyl-
inder and rod reinforcement under the
combined effect of the design pressure
and transient pressure shall not exceed
73 per cent of the specified minintum
vield strength of the steel used in the
cylinder when computed by the follow-
ing formula (2):

{Pu PO,
Jio= AT A @)
where

fe = average circumferential stress
inn the steel evlinder and rod
reinforcement, psi
P = design pressure, psi
£, = allowance for transient pres-
sure, psi ‘
D, = inside diameter of cylinder,
nches
A, = cross-sectional area of rod
" reinforcement, sq in. per ft
of pipe wall
A, = cross-sectional arca of stee
cylinder, sq in. per {t of pipe
wall

For purposes of adequately resisting
external loads, the combined structural
properties of the pipe, its bedding, and
the constraints provided to prevent its
injurions  deformation, shall bLe de-
signed ‘on the basis that the maximum
deflection to which the pipe may be
subjected after installation  under-
ground shall not at any point exceel
1)?/4.000 inches, or such olher limita-
tion as may be explicitty authorized by
the purchaser in writing, where D is
the nominal diameter of the pipe in
inches,  The deflection of the pipe is
identificd as the maximium extension
of the lorizontal diumeter or shorten-

,‘7/,
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REINFORCED CONCRETE WATER YIPE

ing of the vertical diameter with the
pipe in an unwatered condition.

IFor purposes of such designt for re-
sistance to external loads, the wall stiff-
ness of the pipe required in order to
limit deflection as specified herein shall
be estimated for each reach of pipeline,
taking inte account the characteristics
of the soil in which the pipe trench is
to be excavated, the depth of cover over
the pipe, the specificd metliods of ex-
cavation and backfll of the trenches,
the nature of the backh!l material, the
specified methods of bedding the pipe,
and the superloads resulting from pas-
sage of vehicles along or across the
surface of the overlying ground, or
from any ether load to be exerted upon
the ground over the pipe. The re-
quired wall stiffnesses thus determined
shall Le commpared with the computed
wall stiffness of the pipe to be instalied
in each affected reach of pipeline, such
computed stiffness Dbeing based on
structural properties of pipe propor-
tioned to resist the specified desion and
transient pressures by application of
formmlas (1) and (2) of this Appendix
A, If such computed stiffness fails to
satisfy the requirements for wall stiff-
ness established as hereinbefore speci-
fied in any reach of the pipeline, the
specified methods of trench excavation,
bedding, or backfilling shall he modi-
fied so as to improve the control of pipe
deflection and the section area of steel
cylinder and rod reinforcement per
linear foot of pipe wall shall be suf-
ficiently increased within the length of
such reach, so that the pipe will have
the required wall stiffness throughout
all affected 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 be dimensionaily com-
patible.

Computed wall stiffness shall be
taken as one-fourth the value derived
from the composite wall section of the
pipe, transformed on the basis that
the modulus of elasticity of steel is 7.5
times that of concrete or mortar, and
the modulus of elasticity of the con-
crete ot mortar 1s 4.000,000 psi. The
conerete or moriar lining and the ex-
terior mortar coating shall be con-
sidered to be structurally bonded to the
cvlinder and  rod  reinforcement
assembly in a manner providing full
shear restraint,
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PRESTRESSED CONCRETE PRESSURE PIPE

Appendix A
Cubic Parabola Design Method

s appondiv iy for information only and is not part of AIVIF A C301-72

The wire area, tension, 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 foad will fall on or
under the design curves in Ifig. 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 surge pressure or live load until
it intersects the transient-load curve.
If surge pressure: exceeds 40 per cent
of design pressure or live load (in-
cluding impact) exceeds the American
Association of State Highway Officials
H-20 Joading, this greater value should
be stated in the supplementary speci-
ficatinns.

The design curve is defined by the
following equation:

in which P, is the internal pressure re-
quired to overcome all compression in
the core concrete, exclusive of the efl-
fect of external load; T17, is nine tenths
of the three-edge-hearing 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, 7o, and is
not to exceed 0.8 P, for lined cylinder
pipe [, A\ (o) ] e is the maximum
three-edge-bearing load, equivalent to

earth load, in combination with design
pressure p.

Three-edge-bearing  values of 1V,
used for design shall be conservatively
hased on the manufacturer's accumu-
lated test results. Supporting test data
shall Le provided if required by the
engineer.
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- P, 142,
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Fig. A. Design and Transient-Capacity
Curves for Lined and Embedded Cylinder
Pipe Using Cubic Parabola Design Method

Graph (@) is for lined- and Graph (0
for cmbeddod-exlinder  pipe. In both
yraphs, T designates the transient-load
curve and I the design cuvee; top is for
the thrce-edyge-bearing lowd equicalent to
live load ; and £, s for surge pressure an
cxvcess of the wormul eperaiing or design
pressure.
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PART IIO. 16

PCC & PCEC PIPES

Reproduced from
-best available copy.

&

AWWA STANDARD

Appendix B
Stress Analysis Design Method

This appendiv is for informusion enly and is not part of ANV AL C301-72

The wire area, tension, 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

12 Wy Graph (a)
Wy
(b, wtuy)
------ (04 Pgp, W)
il
-4
=
3 o8p, 127,
2
=
<
Ea2w Graph (b)
w
4 (2, wp)
g(p-i»."sl,, 1)
P, 14 P,
Internal Pressure
Fig. B. Design and Transient-Capacity

Curves for Lined and Emhbedded Cylinder
Pipe Using Stress Analysis Design Method

Graph (a) is for Uned- and Graph (1)
cmbedded-cylinder pipe. fn both graphs,
T desiynates Hie transicit-load curee and
D the desiun curve; Py is the internad
pressure roquired to ovcorcome wil com-
pression i the core concrete, cxclusive
af the cffect of cxternal load; P, is the
surge pressurc in cxcess of the normnal
operating or design pressure; Wy is the
maximum design pold cxternal load <with
inicrnal pressure cqual to zere; and Ty
is the live load in cxveess of the cxternal
dead load.

under the design curve illustrated in
Fie. B (a aud b). The resulting
design has a transient-load capacity
equai to the difference between the
design pressure or earth load and the
value determined from the extension
of the appropriate line for SUrge pres-
sure or live load uatil it intersects
the transient-load eurve, It surge
pressure exceeds 40 per cent of design
pressure, or live load (including im-
pact) exceeds the American Assecia-
tion of State Highway Officials H-20
loading, this greater value shiould be
stated i the supplementary  specifica-
ttms,

The design curve is defined by the
following equation:

N PR S A T
/ < 75 Al 0R,

in which # is the maximum design
pressure in combination with ficld ex-
ternal load, %, and is not t0 exceed 0.8
7, for lined-oyvlinder pipe | Uig. Biadl;
fer is the resultant induced compres-
siomn; 7.5\/.f'c is the allowable tensile
stress where [, is the specified 28-day
compressive strength of the concrete;
I s the totad monment i the pipe see-
tionn due to pipe weight, water weight,
and external Joad {77 1s the total thrist
in the pipe section due to pipe weight,
water weight, and external load: 8 45
the section modulus of the control pipe
section based on the total pipe wall at
the crown and mvert sections and on
the core only at the sule section; A,
is the transformed croxs-sectional arca
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PART II.16

PCC & PCEC PIPES

: 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, 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 *“Coefhi-
cients for Large Horizontal Pipes,” by
1. H. Paris {Eng. News-Record, vol,
87, p- 768 (1921)] ; and “Stress Anal-
ysis of Concrete Pipe,” by H. C.
Olander [Eng, Monograph No. 6 US
Bureau of Reclamation, Dept. of the
Interior, Washington, D.C.].



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 empioyed by the industry
at the present‘timé. As a coﬁsequence 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) thelAmerican 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 0ld Courthouse Road, Vienna, Virginia 22180
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Design informaticn on and guidelines for concrete, steel reinforcement,
steel cylinder plate, and prestressing wires are alsc 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 Asscociation (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),
¢) the U.S. Army Corps of Engineers (Ref. 8 aund 9).
d) the American National Standard Institute (Ref. 21), and
e) the 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 discussicn
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
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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 €497, reproduced in Appendix As) Various parabolic
interaction curves for the allowable and the ultimate 3-—edge bearing-test load
(in 1bs/lineal foot) versus the internal operating pressure (in psi) have

_ been established empirically for the different types of pipe (see ANSI A21.1
or AWWA C10l 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 locad 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 bearipg 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 fhe pipe and the area of the pipe against which this
lateral préssure 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 II.3 for bedding classification and load factors.)
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The second characteristic, involving the distribution of lateral soil
pressure, 1s 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 0l. percent of the pipe diameter), the pipe 1s 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

o = bedding angle

h = maximum horizontal pressure

Ax = 4Cr2 = paximum horizontal deflection (C = .0Q00253)

e = modulus of passive resistance of side-fill material

Spangler's formula evaluates 4% 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 (EI), 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° arcs at the springline and to 60° 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 mon-linear, a reduced effective concrete modulus E = 4x106 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
€303 (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 superlmposed
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 1bs. for
lineal foot) vs the intérnal pipe pressure (in psi) (see Part III Appendix B
for AWWA standards C300, C301 and €302 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 additionmal 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.S , IV.6 and Sectien Vi, in order to determine the actual méximr
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) P, ~ 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 cteate steady
state stress conditions in the pipe.)

b) p - the surge pressure caused by water hammer conditions in the

S

pipe. The minimum P is 1.4x the design pressure as required by

AWWA standards.
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c) We - Longitudinal superimposed earth load per lineal foot along the
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, thé construction classification for
the pipe installation (see II-1), and the bedding (or support)
conditions (see IT.3).

d) W

LI+T Longitudinal traffic live lcad 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) WS — Seismic loads, usually represented by equivalent static loads
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.

) pneg ~ The minimum negative internal pressure (partial vacuum)
caused by a shut-down in the pumping and hydraulic systems.

g) WO - The three-edge bearing load - the test bearing load per lineal
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) Lf - The load factor, used to convert the three-edge bhearing (test)
load to an equivalent superimposed vert%cal load (1bs/linear foot)
which takes into account the actual construction conditions of the
pipe installation, (see Part I11.3.)

4, RC, RCCP and RCGC 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 AWWA 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 IV.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 inte two all encompassing design
examples.
These are believed to present a comprehensive unified design approach

typical of industry's appreoach 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 lecading 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'-0" 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 C301,
for a given pipe and given construction conditions (soil enviromment and class
of bedding).

C. The Working Stress Criteria -

Based on an allowable tension in the concrete core of 7.5qu;T
{where fc' is the ultimate 28 day compressive strength of the concrete), the AWWA
Standard G301 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 springl{ine 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 te 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 cocefficients 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 seiémic pressures are added to Paris’' vertical
loads and reactions, a distribution of external loads similar to that of

Orlando is obtained.
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-108-



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 111).
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 B, and the general formulas used in the design examples have alsc been
reproduced from manufacturers graphs. Figure 21, on page 115,is a non-dimensional
plot of the AWWA Standard C301l design interaction formula for use in the
design examples., TFigure 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 .00l in. Fig. 22 is valid for standard

cores for pipe diameters from 16~60".
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PART IV 5 & 6

NOMENCLATURE FOR PCC AND PCEC PIPES

Internal Pressure Classifications (psi):

Pw = Working or design pressure

Pt = Test pressure

P = Pressure due to water hammer or surge

P0 = Pressure which counteracts the force of the circumferential
prestressing and results in zZero concrete stress in the core

Py = Pressure at which the prestressing wire is stressed to 0.75 fsu

Pb = Bursting pressure for pipe based on failure of the cylinder

and the circumferential prestressiag

Wire Stresses (psi):

fsg = Gross wrapping stress

fsi = Initial wire stress

fsu = Ultimate strength of wire

fSr = Resultant wire stress

Afsl = Wire stress change due to concrete inelastic strain
Af52 = Wire stress change due to PO

Afs3 = Wire stress change due to P1

Ll = Loss due to elastic shortening of core

L2 = Loss due to wire relaxation

L3 = Loss due to wire embedment (embedded cylinder pipe only)

Cylinder Stresses (psi):

fyi = Initial cylinder stress

fyr = Resultant cylinder stress

fyb = Stress in cylinder at bursting pressure

Af = Cylinder stress change due to concrete inelastic strain
yi B

Afyz = Cylinder stress change due to Po

Afy3 = Cylinder stress change due to Pl
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PART IV 5 & 6

Concrete Stresses (psi):

fCi = Initial concrete core stress
fCr = Resultant concrete core stress after relaxation and creep losses
Afcl = Concrete core stress change due to concrete inelastic strain
fc = Concrete compressive strength at time of wrapping
Strains:
eC = Concrete core creep strain
.1 = Concrete core elastic strain due to core creep strain
esl = Wire elastic strain due to core creep strain
eyl = (Cylinder elastic strain due to core creep strain
Additional Symbols:
AC = Net concrete core area, sq. in. per lin. ft.
As = Area of prestressing wire, sq. in. per lin. ft.
Ay = Cylinder area, sq. in. per lin. ft.
Cr = Concrete core creep factor, ratio of inelastic strain

to elastic strain

Dy = Qutside diameter of cylinder, inches
ECi = Initial concrete core modulus of elasticity, psi
Ecr = Resultant concrete core modulus of elasticity, psi
ES = Steel modulus of elasticity (wire and cylinder equal), psi
n, = Initial modular ratio, n, = E /E |
i i s' el
n = Resultant modular ratio, n_= E /E
r r s cr
R, = Wire relaxation loss factor, L, = R f
1 2 1 sg
R, = Wire embedment loss factor, L_ = R,f
2 3 2 sg
p = Wire steel ratio, AS/AC
p' = Cylinder steel ratio, Ay/AC
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PIPE RING DATA FOR CONCRETE CORE

WIRE REL

AXATION AND CYLINDER STRESS

PRESTRESSED CCONCRETE CYLINDER PIPE-PCC
PRESTRESSED CONCRETE EMBEDDED CYLINDER PIPE-PCEC

Centrifugated Concrete | Cast Concrete
Description For PCC For PCEC
ECi Initial Conc. Core - Mod. of Elast. 4.7 x 106 psi 4.0 x 106 psi
6
or Resultant Conc. Core - Mod. of Elast. 5.6 x 10 psi 4.7 % 106 psi
6
ES Wire & Cylinder-Steel Mod. or Elase. 28 x 106 psi 28 x 10 psti
n, Es/Eci - Initial Mod. Ratio 6.0 7.0
n_ Es/Eer - Resultant Mod Ratio 5.0 6.0
Cr Conc. Core Creep Factor - 1.50 2,00
inelast. strain
elastic strain
Rl Wire Relaxation Loss Factor 0.05 0.05
R2 Wire Embedment Loss Factor 0 0.05

TABLE IX

Concrete Strength and Maximum Allowable Stress for Wrapping

Concrete strength at time of wrapping, fC

_ _ci 3500 psi for PCC
f. = 755 but mot less than 3,04 .0 ror pCEC
Maximum initial concrete stress: PCC
Diameter 16" -~ 20" 24" - 30" 36" 42" & 48"
Max. fci (psi) 3000 2850 2600 2400

Maximum initial concrete stress: PCEC

Diameter 24" - 36" 42" and larger

Max. fCi (psi) 2500 2250

Cylinder stress for Pipe Bursting:
PCC £ = 41,000 psi
yb

PCEC fyb = 45,000 psi
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CURVES OF L0SS PARAMETER p FOR PCC AND PCEC PIPES

(1R -R,) [+ (pp )17
Where: B = ~ - (Ref. 44, p.9-10)
[1+ni (ptp )] [14n_ (ptp ) (l+Cr)]

GENERAL FORMULAS REQUIRED IN DESIGN:

Ac P ngS' fCr fSP
P = > = = 2
. == D [ActNr(As+Ay)] PL=gn AT Ay (R#RDT > 1.70 P
y y y
f
. Afou + Ay . pf o, g _. [Ac Ay }
b > ! i +n + +
6Dy cr L, (p4p ) ci |A (A Ay)(l ¢

(For Formula Derivations, see Ref. 19, p.8-10, Ref. 39, p.1055-1057,
Ref. 44, p. 5-12)

Fig. 20
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PART IX
THREE- EDGE BEARING LOAD _vs. RESULTANT CONC, CORE STRESS

PRESTRESSED CONCRETE CYLINDER PIPES— STANDARD CORES

Three edge bearing loads

L'
.001” wide x 1.0’ long crack 60" ul
16000 at zero internal pressure a
o
w
O
[ 54"
14 000 L
w
3 I
& »
@ 42
2| 12000}
o
o
%I i 36"
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(43
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S 10000 |- M
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=t 30 g
w - a
&
g o
| s8ocok o5
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L4
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Zl 8000}
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w| 4000}
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2 000}
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soal

1000}

1200}

1400t

1600}

1800}

2000}

22001

RESULTANT CONCRETE CORE STRESS fter_(PSI)

Fig. 22
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EXAMPLE A

TYPICAL DESIGN OF A 30 IN. DIAMETER PRESTRESSED CONCRETE LINED CYLINDER

PIPE (PCC)#*

1. PIPE INPUT DATA:

Inner Diameter D = 30 in.

Core Thickness t = 1~-7/8 in.
Coating Thickness e = 13/16 in.

Total Pipe Thickness tw = 2.6875 in.

Steel Cylinder Thickness ty = 0.0610 in.
Cylinder Area/L.f, of circumference Ay = 0.7320 in.zlL.f.
Quter Cylinder Diameter Dy = 33,75 in.

6 Dy = 202.5 in.,

OQuter Diameter of Pipe 0.D. = 35,375 in.
Wrapping Wire. gauge = No. 8

Wire Type (See Table X) = IV

Wire Diameter = 0.162 in.

Area of wire/L.f. of circumference AS = 0.285 in.z/l.f.
Area of core/L.f. of circumference A, = 21.768 in.>/1.f.

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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LOADING DATA:

a) Depth of Earth Cover — H:

H=16 ft,

b) Unit Weight of Earth - W,

WS = 120 lbs./c.f.

c) Pipe Weight - Wp:

Wp = 325 1lbs/L.f. from Table IV Part II

d) Water Weight - Ww (for full pipe):

2 2
W=D w10y 604 por = T30 X 628 504 gpgyr s,
4xl44
e) Normal Operating Pressure - Pw:
Pw = 150 psi
£) Minimum Operating Pressure - Pmin:
P . = Pressure due to a 30' head of water = 13,0 psi

min

{(Does not govern when negative pressures are considered)

g) Incremental Surge Pressure - APSP:

AP = 0.40 P = 0.40 (150) = 60 psi
sp )

(Surge Pressure = P = P +AP = 150.+60. = 210. psi)
3 W sp

h) Vacuum Pressure - P :
neg

Pneg = —-10 psi

i) Traffic Load on Pipe - P:

Single wheel load for AASHO H-20 truck locad = P = 16,000 1lbs.

j) Seismic Pressure Intensity - Peg:

e
L]

wsu/Bc = 2,2 kips/s.f.

=
i

Seismic Force/l.f. to pipe, and BC = 0.D. of pipe
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ALLOWABLE STRESSES:

a) Initial Gross Wrapping Stress in Wirg‘e‘fsg:

£ =0.75 f = 219,750
sg su

(see Ref. 19, p. 11, and Table X)

b) Initial Concrete Core Compressive Stress - fc:

£, 2 3500 psi (see Table IX)

c¢) Final Concrete Core Compressive Stresses - [ :
c

(see Ref. 19, p.11)

f
c

0.45 fc'= 0.45 x 6000 = 2700 psi (steady state condition)

f

(44

I

0.60 fc' = 0,60 x 6000 = 3600 psi {transient state condition)

d) Final Concrete Core Tensile Stress - ft:

(see Part III, Subdivision 16)

= T - = i i +4
£,=7.5 Vi, 7.5 (77.5) = 581 psi (steady state condition)
£_=10.5, %C' = 10.5 (77.5) = 813 psi (transient state condition)



5. PRESTRESSING STRESSES

a) Initial Concrete Core Compressive Stresses - fci (Ref. 19, p.8)

R R N
Sersg (PR )

ci A +N.(A FA ) -
c i sy

f

0.285 x 219750 (1-0.05-0.)
21.768 + 6(0.285+0.732)

= 2135 psi
. (for PCEC pipes) = 2250 psi (see Table IX)
ci max

£ . < f . 2135 <2850 (see Table IX)
ci ci max

b) Initial Unit Stress in Wire - fsi:

f = f {(1-Rr

- - f
si sg 1 RZ) Ni c

i
= 219750 (1-0.05 - 0.) - 6(2135) = 195,954, psi

¢) Resultant Concrete Core Stress After Relaxation and Creep losses (Ref. 19, p.9):
. . [Ac+Nr(As+Ay) |
cY ci A +N (A +A ) (14C )
cr sy T

21.77 + 5(0.285+0.732)

= 2135 [517577775(0.28540.792) (141.5)

] = 1663, psi

d) Concrete Core Compressive Stresses at the Time of Wrapping - fC:

;- fer 2135
¢ 0.55 T 0.55

= 2882, psi > 3200 (see Table IX, p.112).

e) Resultant Wire Stress - fsr: (Ref. 19, p.9):

fsr fsi Nr [a Cr) fcr fci]

= 195,954 - 5[(1+1.5) 1663 - 2135] = 185,842. psi
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f) Cylinder Ring Stress - fyi: (see Ref. 19, p.9 to p.81)

Initial Steel Cylinder Stress: =

f . =Nf _=6x 2135 = 12,810. psi
yi ici

g) Resultant Steel Cylinder Ring Stress - fXF: (see Ref. 19, p.9)

it

= f , - Nr [(l+Cr)fCr - f

f .
yr vi ci

= 12,810, + 5[(1+1.5)1663-2135] = 41,000 (see Table IX,p.112).

0l

22,923 psi < fyb
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6. INTERNAL PRESSURE CRITERIA;:

a) Balancing Pressure - PO (see nomenclature, p. 110)

cr
= e— 4 = . .
Po 6Dy [Ac+Nr(As Ay)] (see Ref. 19, p.10)

1663

= 5575 [21.768 + 5(0.285 + 0.7320] = 220.5 psi (see fig. 20, p.114)

b) Bursting Pressure -~ Pb(see nomenclature p. 110)

£ Ay
Pb = 6Dy {see Ref. 19, p.10)

. + .
_ 293000 x 0.2850 23%,200 x 0.7320 _ 560.6 psi (see Fig. 20)

¢) Elastic Limit Pressure = PL (see nomenclature, p. 110)

1.70 PW = 1.7 x 150 = 255 psi (see Fig. 20, p. 114)

= 28
P o 6Dy [AS + Ay (R1+R2)] > 1.70 P

219750

= 5025 [0.2850+0.7320 (0.054+0)] = 349 > 255 psi

/. TEARTH LOADING ON PIPE

a) Trench Width - Bd

0.D. of pipe = B D + 2 {core thickness) + 2 (Coating thickness)

o

B = 30" 4+ 2 (1.875") + 2 (3=
c 16
B, - 35.375 in. = 2,95 ft.

Bd = BC + 2 ft.

By = 2.95 fr. + 2 ft.

Bd = 4,95 f¢t.
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b) Transition Width: As the width of the ditch increases, other factors

remaining counstant, 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 ku = 0.19, r . = 0.50, and w = 120 1bs/c.f.

sd
T.W. = 5'-1"..... American Concrete Pipe Association Design (see Ref. 20,p.114)
where k = Rankine's ratio
1 = coefficient of internal friction of the backfill materiél
ra - settlement ratio (see Ref.20)
p = projection ratio (see Ref.20)
w = so0il density

Since the ditch width Bd’ is lesgss than the transition width T.W., the

earth loading should be designed as a trench loading.

¢) Trench Load Coefficient - C.:

d
l_e—flku H
Bd
C, = e

where u'= Coefficient of sliding friction between the backfill
material and treunch walls,
k u' = .110 (for saturated clay)

and H = height of cover over pipe = 6 ft.

P 1-e-2(0.110)(614.95) . 1.07

d 2(0.110)

~123~



d) Trench Load —We:

1l

C., Wa 2 (see Ref. 20, p.25)

we d d

(1.07)(120 1bs./£t.7) (4.95 ft.)°
3146 1bs./1.f.

8. TRAFFIC LOADING ON PIPE

BH-20 Live Load @ 6 ft, Cover

wLL

H

Cl P (3141) (Ref. 42)

W
LL

1t

Live Load on Pipe

@
]

Live Load Coefficient

.03 (Ref. 42)

la=}
1]

Single Wheel Load = 16,000 1bs. (see Ref. 20,p.33)

)
Il

Impact Factor = 0% for 6 ft. cover assuming a gravel surfaced roadway

=
il

g = (-03) (16,000 (140)

1t

480 1bs./1.f.

9. SEISMIC LOADING ON PIPE

Seismic pressure = Peq = 2.2 kips/s.E.

W =P xB =2,2x2.95" = 6490 1bs/L.f.
su eq c
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10. SUMMARY OF INDIVIDUAL LOADS:

1. Pipe Weight = wp = 325 lbs/L.f.
2. Water Weight = W_ = 306 1bs/L.f.
3. Earth Cover = We = 3146 1bs/L.E.
4. Operating Pressure = Pw = 150 psi
5. Vacuum Pressure = Pv = =10 psi

6. Incremental Pressure due to surge = APSP = 60 psi

it
fl

wLL

W
su

7. Traffic Loading 480 1bs/L.f.

it

6490 ibs/L.f.

8. Seismic Loading
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1. PROPERTIES OF COMPOSITE PIPE:
a) COMPOSITE SECTION
WITH CONCRETE PROTECTIVE COATING
(USE AT CRPWN AND INVERT FOR ALL LOADIINGS EXCEPT SEISMIC)
L ﬁﬁﬁipaé%' j?féfé
— 2, 2 B, 212, 2, 2, 8] C2
tw R ) v ea e T ,~ Neutral
t. &,,'___',' . . Llae, e e Axis
° 7:,'.'?-'.'4'.’ T n2nd ety Cq
g E v o eroi R AR
Rl
12" ] o)
¥ m‘t
FIG,. 24
ELEMENTS AREA x ARM =| AREA MOMENT
t
CONCRETE 12t, = 32.25 - =1.34375 43.336
CYLINDER (n,-1) Ay=2.928 te = 1.875 * 5,49
WIRE (n=1)Ag=1.14 t,=1.875 2.1375
TRANSFORMED _ -
AREA S A =36.318 =M =50.9635
Location of neutral axis:
_ IM _ 50.9635 _
C; = 3Ta = 36.318 - L1-40 in.
C, =t =-C; = 1.2865 in,
Cy = C, = .875 = 0.4115 in.

Moment of Inertia about neutral axis

12 3 3 2 2 4
= o - + - = ) i .
I 3 (C1 + Cz ) + (nr 1) (Ay 03 ) (nr 1) (AS) (c3) 20,21 in
Section Modulus of the Cross section about neutral axis
I 3
s = T 14.42 in. /1.f. inside of pipe
1
I 3
S =<E; = 49,11 in. /1.f. at face of core
3
4
_I _20.21 in. /1.f. _ .3 .
s = 02 13865 in. = 15,71 in. /1.f. at extreme fiber
Total Area
At = £A = 36.318 in.z/l.f.
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b)

COMPOSITE SECTION v
WITH CRACKED PROTECTIVE COATING

{USE AT SPRINGLINE FOR ALL LOADINGS EXCEPT SEISMIC)

Y B - r
C2 ~Neutrat
tc _' ' AXiS
Cy
12" °
t')‘L
FIG. 25
ELEMENTS AREA x ARM = AREA MOMENT
CONCRETE 12t = 22,50 te/2 = .9375 21.094
cyLINDER  [(n,-1)A,=2.928 tc =1.875 * 5.49
WIRE nAs=1.425 t; =1.875 . 2,672
TRANSFORMED
AREA =A = 26.853 2M=29.256

*Using the outside diameter of the tylinder gives results which are
accurate and have been verified experimentally (Ref. 43, p. 54)

Location of neutral axis

_IM_ 29.256 _ .
C; = 3a = 76.853 = 1-09 in.
C.= t -C = .785 in.

2 c 1

Moment of Inertia about neutral axis

_12 3 3 - 2 2, . b
I =-3 (cl +C,7) (nr 1) (Ay c, )+ (nrASc2 )=.9.798 in. /1.f.

Section Modulus of Cross section about neutral axis

§ = —CI—= 12.481 in.3/1.f. at face of core
2
4
I _9.798 in. /1.f. _ .3 .. .
S = Cl = 1700 in. = 8.99 in. /1.f. inside of pipe

Total Area

A = 26.853 in.2/1.f.
ty
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12. WORKING STRESS DESIGN METHOD:

a)Loading Conditions

-
L.C. Ki} - Earth Load + Pipe Load + Vacuum Pressure

N

L.C. KE) - Earth Load + Pipe Load + Water Load + Design Pressure
/"

L.C. ké} - L.C. 2 + Incremental Pressure Due to Surge
TN . . .

L.C. kﬁj - L.C., 2 + Traffic Loading

L.C. (E) - L.C. 2 + Traffic Loading + Seismic Loading

L.C. (6) - L.C. 1 + Traffic Loading
e . . o .

L.C. {7 L.C. 1 + Traffic Loading + Seismic Loading

L.C. denotes Loading Condition

b) RING MODELS AND MEAN RADII
BEDDING ANGLE - 90°

RENRE

h

_Fig.26 A

—{ Due to passive
\ 7\ Lo / soil resistance)

e Be = 2.95’

Peq = Wsu /BC

Seismic
w,, Sglsmic )
su Force

& 3 '-,_'::35;'5-':-.'""'
B =\ r/=llI7Z Z=///S=\\7=

B, ‘
PIPE RING MODEL FOR SEISMIC FORCE
_Fig. 268B
MEAN RADIUS OF PIPE = R
At Invert & Crown R = (D+tw)/24 (ft.) :/Qggl

At Springline R (D+tc)/24 (ft.)



"12c)

GENERAL FORMULAS FOR THRUST AND MOMENT

LOADING COMPONENTS YHRUST MOMENT
(ibs.fft.) {1t.~Ibs.[ft.)

PIPE WEIGHT Fp= C; Wp Mp = Cq4 Wp R
WATER WEIGHT F,* Cs W, My = Cg W, R
EARTH COVER Fo= C; We Me = Co We R
INTERNAL PRESSURE-

HOOP FORCE Fn® Co P

SEISMIC LOADING Fsy = C7 Wg, Mgy™ Cg Wy, R

TABLE XL

124)

FORCE AND MOMENT COEFFICIENTS

CROWN SPRINGLINE INVERT
LOADING
. THRUST | MOMENTS | THRUST | MOMENTS | THRUST | MOMENTS
wihEur {C1= 0083 |ca= 0067 [cy= 025 [C3= 0.077 [C4= 0053 [C3= 0.102
WATER '

WEIGHT |C2=10212 [Cq= 0067 [Co= 0068 [C4= 0.077 [Cp= 0.408 [C4= 0102

EARTH COVER
AN Rae el cs= 0027 |Ce= 0137 [Cs= 0.500 |Cg= 0130 |C5= 0.027 |Cg= 0157

& INTERNAL
. PRESSURE |Co= 202.5

SEISMIC  |C7= 0500 |Cg=0.125 |Cy= 0.0 |Cg= 0.125 |C;= 0500 [Cs= 0125

Co= 202.5 Co= 2025

TABLE XIT

# internal pressure may be a working pressure, incremental pressure dua to surge,
or a8 vacuum pressure {negative).

Fl+
~—F(+)\; M (+)
J

s m{+) T inside

_C
AT c N\
£ T ' e
: inside
inside N!A, face . |

T face s C
L.S. CROWN L.S. SPRINGLINE L.S. INVERT

12e) SIGN CONVENTION:

SIGN CONVENTION FOR FORCES AND STRESSES
L.S.-Denotes left side.

{(+) - Denotes compression. };’/é‘ 32:7 */9'27-

(~) -Denotes tension.




12d) 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.768).

The second are ceefficients arrived at by H.C. Olander in 195 (see Ref. 18,

p.10 and Ref. 19, p.15). Tor 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, Cl to CS are the force coefficients for circular

pipes by Paris, and C9 is the force coefficient for the hoop force in the

ring = 12Dy/2 w 6Dy.
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12f)

12g)

uncracked.

SIGN CONVENTION:

Minus sign {~) denotes tension.:
No sign (positive value) denotes compression.

I.F.~ Inner face of pipe.
™ F, = Quter tace of pipe.

-131-

#* For seismic loading the invert is considersd cracked, and the springiine

THRUSTS AND MOMENTS DUE TO LOADING COMPONENTS
CROW!:. SPRINGLINE INVERY
LOADING COMPONENTS
THRUST | MOMENT | THRUST | MOMENT | THRUST | MOMENT
Ubs.fit.) | (ie~s.fitd] Ubs.fit.) [(it=bs. /1)) Clbs.f1t.) j(ft-ibs.[ft.)
A PIPE WEIGHT -17.23 29.65 81.25 34.08 17.23 4515
B WATER WEIGHT -~ 64.87 27.92 - 20.81 3200 -124.85 4251
C | EARTH GOVER -84,94 586.16 15730 5990 84.94 671.73
INTERNAL PRESSURE~— - -
D i HooP FORCE =30375. 30375, 30375.
E | VACUUM PRESSURE 2025. — 2025, —_——— 2025, —
INCREMENTAL PRESSURE - —_— - -
F DUE TO SURGE 12150. 12150. 12150,
G | TRAFFIC LOADING -12.96 80.44 2400 9139 1296 10249
H | SEISMIC LOADING 3245. -1103.3 0. -1103.3 32450 | ~1103.3
TABLE XIIT
STRESSES DUE TO LOADING COMPONENTS -Afer (psit)
CROWN SPRINGLINE INVERT
LOADING COMPONENTS MOMENT - M OMENT- M/S MOMENT-MJS
0ap e THRUST- /s THRUST- M NT- i/ THRUST- I
Fla e | or | FIA WF. o.F. | Fla LF. | OF.
PIPE WEIGHT -1 -25 7 3 45 -a3 1 -38 1n
WATER WEIGHT -2 -23 7 -1 43 - 31 -3 -35 10
EARTH COVER -2 -438 143 59 goo | ~57e 2 =559 164
INTERNAL PRESSURE - - - - —_— —
HOOP STRESS 838 1131 I — 838
VACYUUM PRESSURE 56 — — 75 —— —_— 56 — —
INCREMENTAL PRESSURE — -
DUE TO SURGE -335 —— -453 _— —_— 335 — —
TRAFFIC LOADING —_— -15 22 ® 122 -88 — -as 25
SEISMIC LOADING * 121 98 -270 — ~3473 1061 121 918 ~270
TABLE XIV
Notes:




12h) 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 Afcr due to the corresponding
loading components eQuals the summation of the Afcr due to each loading
component.

The resultant core stress changes Afcr combined with the precompression
core stress fcr (due to prestressing) gives the net core resultant stress,
fncr = for each loading condition. The fncr's must be compared with the allowable
working stresses defined by the stress analysis design method of AWWA Standard
€301, (see Part IITI subdivision 16).

In order to obtain a summation for the Afcr's, add all the values for the
loading components and combination of loading conditions from left to right
in any row of Tables XV to XXI. The values for the fcr's are shown in the
second column from the extreme right of the table. The final right-hand column
shows the final net core stresses - fcrn's for points on the pipe for a given
loading condition, when the precompression core stress fcr due to prestressing

is added to these summations,
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SUMMATION OF STRESSES - LOADING CONDITION 1
12h)
A- PIPE WEIGHT |[C> EARTH COVER { E ~ VACUUN
STRESS LOADING STRESSES SYRESSES PRESSURE P
LOCATION {psi} t psi} STRESSES (pai) |4 ter ncr=
" fcg4.d.f r
POSITION FACE | THRUST [MOMENT | THRUST | MOMENT | THRUST { MomenT | (Pe]) (,ﬁ,c
LF, -1 -25 =2 -488 s8 —_— -460 1202
CROWN
O.F. -1 7 -2 143, 56 _— 203 1866
1.F, 3 45 59 800 75 —_ 982 2845
SPRINGLINE
O.F, 3 -33 59 -578 78 _ -507 | 1156
I.F. 1 -38 2 - 559 58 -— -538 1128
ENVERT
o.F. 1 1 2 164 56 — 234 | 1897
TABLE XY
SUMMATION OF STRESSES - LOADING CONDITION 2
A~ PIPE WEIGHT [B-WATER WEIGHT |C- EAATH COVER |D- INTERNAL
STRESS LOADING STRESSES STRESSES STRESSES PRESSURE-HOOP| I’
LOCATION {p8i) (psi) (psi) STRESSES (psi) | a 4., ; “cf;
. Cr+éd
POSITION FACE Tanusrimomsnr THRUST | MOMENT { THRUST | MOMENT | THRUST | MOMENT ] (PS) f;“,CT
I.F. -1 -28 -2 -23 ] ~488 | -836 — | ~1ar? 286
CROWN
O.F. -1 14 ~2 7 -2 143 | ~838 — 884 979
I.£. 3 ds -1t 43 59 8oc | ~1131 _— ~182 1481
SPRINGLINE
OF. 3 -23 -1 -31 $9 ~576 | -1134 — | =1710 -47
ILF. 1 -38 -3 -35 2 -556 | -838 — | <1482 198
INVERT
O.F. 1 11 -3 10 2 164 | -836 —_— - 651 1012
TABLE XVT
SUMMATION OF STRESSES~ LOADING CONDITION 3
D-INCREMENTAL
STRESS tonoing | ¢ 6.(2) stResses HOOP STRESS o
] R G ner =
LocATION (reh 185 aler fersater
POSITION FAGE | THRUST+MOMENT | THRUST | MOMENT { ,o4p tosi)
LE -1377 -33s —_— 1712 - 49
CROWN .
O.F, - 684 -33s — ]-1019 544
LF. - 182 -453 —_— ]~ 838 1028
SPRINGLINE
O.F, -1710 -453 —— ~2163 | - 500
I.F. -1468 -33s — J-tgoz |- 140
INVERT
O.F. - 651 ~335 ~— 1}~ gge er7
TABLE XVII
s
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12h)

SUMMATION OF STRESSES~ LOADING CONDITION 4
L.C. G~ TRAFFIC
ADING
fggis,?m, £2 STRESSES (psi} | STRESSES (pai) ; fncrs=
afer 44 '
cr+bfc;
POSITION FACE | THRUST+MOMENT | THRUST |MOMENT { ... (psi)
I.F, RERYST 0 ~785 {~1452 2n
CROWN .
O.F, - &84 o 22 |- s62 1001
I.F. - 182 9 122 - 51 1612
SPRINGLINE
Q.F, -1710 g -88 |-1789 -126
I F, - 1488 [ -85 1583 110
INVERT
O.F. - 851 o 25 - 626 1037 -
TABLE XMIIT
SUMMATION CF STRESSES - LOADING CONDITION 5
LC. @ G-TRAFFIC H-SEISMIC
TRESS LOADING
fot',ﬂlou STRESSES{psi} STRESSES (psi) STRESSES (psi) N fnera
. cr fc af
POSITION FACE | THRUST+MOMENT | THRUST | MOMENT | THRUST | MOMENT | (psi) (r;,a; <
I.F, -1377 o -75 124 918 -413 1250
CROWN
O.F. -g884 c 22 124 -270 | -8n 852
LF. - 182 9 122 1} ~1473  |-1524 138
SPRINGLINE
O.F, ~1710 ] ~-a8 0 1061 -728 838
LF. ~1468 [} -83 121 T8 ~514 1149
INVERT
O.F. ~ 851 0 25 121 -270 -778 8a8
TABLE XIX
SUMMATION OF STRESSES -~ LOADING CONDITION 6
ve.(v) G- TRAFFIC
STRESS LOADING
LOCATION STRESSES (psi} STRESSES {psi} Ater ther -
< fereat
; Ccr+
POSITION FACE | THRUST+MOMENT | THRUST | MOMENT | (PSi) (psi) er
. F. ~480 Q -T5 - 535 1128
CHOWN T
O.F 203 ) 22 225 1888
LF, 982 9 122 1113 2776
SPRINGLINE
O.F -507 9 -88 -586 1717
LF. -538 0 ~g3 -623 1040
INVERT
Q.F, 234 0 28 259 1922
TABLE XX
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12h)

SUMMATION OF STRESSES- LOADING CONDITION 7

Le.(d) G ~ TRAFFIC H - SEISMIC
STRESS LOADING STRESSES (psi) STRESSES (psi) STRESSES {p#h) fner e
LOCATION - N
cr rcr+Afcr
POSITION FACE | THRUST+MOMENT | THRUST |[MOMENT { THRUST [ MOMENT [ (asi) (psi)
IF. - 450 0 -75 12 918 504 2167
CROWN
O.F. 203 0 22 21 - 2720 76 1739
). F 982 ] 122 ] -1472 -~ 359 1304
SPRINGLINE
O.F, -507 9 - @8 0 1061 4715 2138
L F, - 538 [} -85 2 918 418 2079
INVERT -
O.F. 234 [} 25 121 - 270 110 1773
TABLE XXT

CRITICAL CONDITIONS:

Loading Condition (1) - Springline I.F.
2645 psi

<2700 psi

Loading Condition (6) - I.F. at Springline
2776 psi

Loading Condition(3) - Springline O.F.

500 psi

<813 psi

<3600 psi (see p.119)

o.k.
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124i) Maximum Operating Pressure and Earth Cover:

Based on the preceding critical conditions the following limits on the

internal pressure and the earth cover are cobtained:

For maximum tension (at 0.F. springline)

LF = F + F

i

81-21+1573 = 1633 1bs/ft.

pipe water earth .
M = M + M = 344324599 = 665 fr-lbs/ft.
, pipe water earth
r ] A
; L¥ IMY Tt
= 'f 4K f' S5l
Pmax :fcr K fc * A S v 12R
L t J

(see Part III Subdivision 16)

_ T 1633 665x12] 26.85 _ ,
gL_1663 +10.5y6000 + 2665 12.4aj 507 5 252 psi
1.4 P = 210 psi, P = 246/ = 176 psi > P
W wmax 1.4 i1lowable

For maximum compression {at I.F. springline)

IF = F 4+ F . F = 81 + 2025 + 1573 = 3679 1bs/ft.
pipe vac. earth

M =M . M = 34 + 0 + 599 = 633 fr-1bs/ft.
pipe vac. earth

1 + - i A + -
- Atskf ¢ S(lZRy) Pw [Atsfcr S (2F learth) At(EM Mearth)}
dmax C, R A +CS
6 m t s
(See Ref. 19, p.10)

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 % 26.85 +

+8.99 x 2106 + 26.85 x(34.3)]_ 4,0, 1bs/
Lin

15,500 % £.99 Tt
Cy = dmaz 7 0 7 = 1.26
Yo B, 120x4.95
- L}
o In(1-C 2K ') % B, _ 1n(1-1.26x2x0.11)x4.95
nax szuy —2}(0.11
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13. CRACK CONTROL CALCULATIONS

i

a) Class "B" Bedding p Load Factor = 1.9

1.1

ft

Class '"D" Bedding - Load Factor
b) Allowable three-edge-bearing-load at PW:

fCr = 1663 psi

Maximum three—edge bearing load for 0.001 crack at P=0

=W =
" o1 7400 lbs/lin.foot (see Fig. 28)
WO =0.9 x W 001 = 0.9 x 7400 = 6660 lbs/lin.ft.
P = 220 psi (see p.71)

0.8 PO = 0.8 x 220 = 176 psi (see Part III Subdivision 15)
P = 150 < 176
W
P

=P -+ AP =210 < 1.4P
] w sp 0

From Cubic Parabola Interaction Curve (see Fig. 29)

For P = 150, W_= 0.684 x 6660 = 4555 1bs/ = .

¢) Equivalent three-edge-bearing load

For Class "B" Bedding: W/Lf= 3146/1.9 = 1656 1bs/1.f. <4555 1bs/1.f.
(allowable, see fig. 29)

For Class '"D" Bedding:W/Lf = 3146/1.1 = 2860 1lbs/1.f. <4555 1bs/1.f.
(allowable, see fig. 29) ’
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PART I¥ §

THREE- EDGE BEARING LOAD vs. RESULTANT CONC., CORE STRESS

PRESTRESSED CONCRETE CYLINDER PIPES~ STANDARD CORES

Three edge bearing loads

.001" wide x 1.0’ Jong crack .
001 wi g 60

177}
w
&
16000 at zero internal pressure a
Q
w
[&)
i 54"
14 000
- -
= L
-l
-; 42°
[-+]
21 12000
8
® [ 36"
x
T}
é 00 -
S 100 o
L]
z 30" W
u - o
&
Z
= - (&
8000+ 24 o
< a
—— o
o 7400 — — — ——— — 20
< X
©
|
4 16"
Z 6000}
-«
L4
w
9]
-
i
]
=1
w |
w 4000 g |
: [N }
0
. g |
= =° [
@ |
w
S |
2000 % |
ur
2 |
o |
g |
[ a
s [ea
<]
[
0 1 N N 1 L 1 P A to N 6
) (=] (=) © o o
e 8 8 <] 8 o o) o o o o o
™~ < © -4} Q o~ L3 ] o o o
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RESULTANTY CONCRETE CORE STRESS f, {PSI})
FiG, 28
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EXAMPLE B

TYPICAL DESIGN OF A 60 IN. DIAMETER PRESTRESSED CONCRETE EMBEDDED CYLINDER PIPE (PCEC)*®

PIPE INPUT DATA:

Inner Diameter D = 60 in.

Core thickness t_ = 4~1/2 in.
Coating thickness Eoe = 7/8 din.

Total pipe thickness tW = 5.375 in.

Steel cylinder thickness ty = (3,0598 iné
Cylinder area/l.f. of curcumference Ay = 0.7176 in"/1.f,
Quter cylinder diameter Dy = 63.0 in.

6 Dy = 378.0 in.

OQuter diameter of pipe 0.D. = 70.75 in.
Wrapping wire gauge = No., 8

Wire type (see Table X) = TV

Wire diameter = (.162 in.

Area of wire/l.f. of circumference Al = 0.5586 inz/l.f.
Area of core/l.f. of circumference Ac = 53,282

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"PCEC pipe by a major manufacturer.
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LOADING DATA:

Depth of Earth Cover - H:

H= 8 ft.

Unit Weight of Earth - WS:

W_ =120 1bs/c.f.

Pipe Weight - Wp:

WP = 1200 1bs/1.f. from Table V Part II

Water Weight - WW {for full pipe):

W - 3%3 x T35 % 62.4 pef = “(62;1z262'4 = 1225 1bs/1.f.
Normal Operating Pressure - PW:

Pw = 150 psi

Minimum Operating Pressure - Pmin'

P ., = Pressure due to a 30' head of water = 13.0 psi

min -
(Does not govern when negative pressures are considered)

Incremental Surge Pressure - APSP = 0.40 PW = 0.40 (150) = 60 psi

(surge pressure = PS = PW+APSP= 150.+60. = 210, psi)

Vacuum Pressure — P :
neg

Pneg = ~10 psi

Traffic load on pipe -P:
Single wheel load for AASHO H~20 truck load = P = 16000 1bs.

Seismic Pressure Intensity - Peg:

= = i £.
Peg Wsu/BC 2.2 kips/s.

W
su

]

seismic force/l.f. te pipe, and BC = 0.D. of pipe

~141-



ALLOWABLE STRESSES:

1.

Initial gross wrapping stress in wire - fsg

f = 0.75 £ = 219,750 (see ref. 19, p. 11, and Table X)
sg su

. Initial concrete core compressive stress - fc:

. > 3200 psi (see Table IX)
cil min. —

. Final concrete core compressive stresses - fC:

(see ref, 19, p.11)
fC = 0.45 fC = 0.45 x 5000 = 2250 psi (steady state condition)

fc = 0.60 fc' = .60 x 5000 = 3000 psi (transient state condition)

. Final concrete core tensile stress - ft:

(see Part III, subdivision 16)

il

f =7.5 £ !

‘ e 7.5 (70.7) = 530 psi (steady state condition)

tt
)

f 10.5 (70.7) = 743 psi (transient state condition)

1
¢ 10.5 fc

. Prestressing stresses

a) Initial concrete core compressive stress - fCi (ref. 19, p.8)

.o ASng(l—Rl-Rz)
ci A 4n_ (A A )
c 1 s vy

 0.5586x219750(1-0.05-0.05)
= 753.28 + 7(0.558640.7176)

= 1775.7 psi

fci nax (for PCEC pipes) = 2250 spi (see Table IX)

f o, < f .
ci ci max 1776 < 2250 (see Table IX)

b) Initial unit stress in wire - fsi:

f .
si

fgIRyRy) = NG

219750 (1-0.05-0.05) - 7(1775.7) = 185,345 psi
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c) Resultant concrete core stress after relaxation and creep losses

(Ref. 19, p.9):

+
- f {Ac+Nr(As Ay) ] =
cr ci Ac+Nr(AS+Ay)(1+Cr)

53.28 + 6(0.5586+0.7176)
53.28 + 6(0.5586+0.7176)(1-2.0)

i

1788 [ ] = 1419 psi

d) Concrete core compressive stresses at the time of wrapping: (see Table IX)

e) Resultant wire stress - fsr: {(Ref. 19, p.9)

f

ST fsi —Nr[(l+cr) fcr - fci] -

185345 - 6[(1+2.0) 1419.1 - 1775.7] = 170,455 psi

f) Cylinder ring stress - fyi: (see Ref. 19, p.9)

Initial steel c¢ylinder stress =

i
vi

N.f = 7x1775.7 = 12430 psi
ici

g) Resultant steel cylinder ring stress ﬁfyr: (see Ref. 19, p.9)

f
yr

n
]

f #N [(1+C )f ~f
yi T r’er Tei

12430 + 6[(1+2.0) 1491.9-1775.7] = 27,319.6 psi < fy = 45,000

(see Table IX, p. 112)

b
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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:

- _Cr
P0 6D [Ac+Nr(As+Ay)} (see Ref. 19,p.10)
y
1427 . _
= o= [52.85 + 6(0.5586+0.7176)] = 228 psi (see Fig. 20)

b) Bursting pressure - P, (see nomenclature, p.110)

b
f A +f A
su s b

- -Sus _J¥by
Pb 6Dy (see Ref, 19,p.10)

_ 293000x0.5586+45000x0.7176
6x63

= 518 psi (see fig. 20)
c) Elastic limit pressure —PL (see nomenclature, p.110)

1.70 Pw = 1.70x150 = 255 psi

£
= 38
P =% [AA (RHR)T > 1.70 B
y
= ______Zézggo [0.5586+0.7176 (0.05+0.05)] = 366 psi > 255 psi
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7'

EARTH LOADING ON PIPE:

a)

b)

Trench width - Bd:

0.D, of pipe = Bc = 70,75" (see pipe data, p.140)

width of trench = Bd = BC+24" = 70.75+24 = 94.75 in. or 7.9 ft.

Transition width - T.W.:

As the width of the diteh 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 projectingrconduit. The trench width at which this load equality

develops is called the Transition Width (T.W.)

T.W. = 8'-7" (sce Ref, 20, p.127)

for ku = (.19, g P =0.50, W=120 1bs/c.f. and H = 8 ft,.

where k = Rankine's ratio
M = coefficient of internal friction of the backfill material
rsd = gettlement 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.
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7¢) Trench load coefficient - Cd:

_ 1
ol 2k 'B/B,

d 2K 7
u

where k = Rankine's ratio of lateral pressure

. 1-3ing
to vertical press = St
P hre l+sing
L}
and ¥ = coefficient of sliding friction backfill material and the trench walls

and H = height of cover over pipe = 8 ft.

ku' = 0,110 (for saturated clay)

1_6-2x0.11x8/7.9

Ca = T7x0.11 = 0.908

W

v = 120 1bs/cubic foot
5 e

d} Trench Load - We:

We = CdWde by Marston's Trench Load theory (see Ref. 20, p.25)

0.908%x120x7.9% = 6800 1bs./1.f.

i

W
e
By the United States Bureau of Reclamation (BuRec)

W o= 2Rm H We(does not govern in this example)
R = mean radius of pipe {in ft.)

W_ = unit weight of earth cover (lbs/c.f.) which takes into account the
overburden effect

W_ = 100420 &= < 150 max. (Ref. 19,p.19)

0.D. = outside diameter of pipe
W = 2x2.724x8.0%(100+20 gig) = 5540% 1bs/1.f.

*The BuRec formula may give values of We larger than Marston's depending on earth

cover.
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Traffic Loading on Pipe wu:

PF
WLL = CS I lbs/1.f.
P = Single wheel load for AASHO H-20 truck load = 16,000 1bs.
F = Impact factor = 1.5 for paved highway (see Ref, 35, p.207)

CS = coefficient, function of,

BC/ZH and L/2H

¢ 5.9
T~ 9x8 0.37
C = 0.320 (from Ref. 35, p.206)
L _160_., °
2H 2x8 '

(Effective distribution length of concentrated load)

L = 2xHxtg 45° = 2x8x1.00 = 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/1.f.
su eq ¢

10. Summary of Individual Loads:

1. Pipe weight wp = 1200 1bs/Lin. ft.

]

2. Water Weight WW 1225 "

6800 "

L]

3. Earth cover wd

4. Operating pressure P- 150 psi
5. Internal Vacuum Pres. P = ~10 psi
vac

6. Incremental pressure due to durge = APSP = 80 psi

7. Traffic loading W

iL s 480 1bs/lin.ft.

8. Seismic loading W = 13,000 lbs/lin.ft.

seismic
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1. PROPERTIES OF COMPOSITE PIPE:

a) " COMPOSITE SECTION
WITH CONCRETE PROTECTIVE COATING

(USE AT CROWN AND INVERT FOR ALL LOADINGS EXCEPT SEISMIC)

— -y
. TEE_d 5
§ - ,." - < O
@ % v
Y o g g
~ & -
o ‘e ot
N' _Egr ]
s
- L]
2.0 S,
—FIG. 30 ar
. 2 . 3 viin —_- —-—
TRANSF. AREA: Ag= bdngn?)] Y (in) | Agx Y(in?) (CZS”) v2(in?) {A¢ Y2 (in4)
1 |(12x1.4402)x1= 17.2824 0.7201 12.4451 1.9803 3.9218 67.7745
2 |(12x00598)x6 = 4.3056 | 1.4701 6.3207 | 1.2303 | 1.5136 6.5171
3 |(12x3.0)x1 = 36.0000 3.0000 1080000 | 0.3374 0.1138 4,0982
4 |oss86x(6-1) =  2.7901 4.5810 12.7814 1.9184 3.6803 10.2683
5 [(12x0.875)x1 =  10.5000 4.9375 51,8438 2.2749 5.1752 54.3383
S Ay = 708781 | SAtxY = 191400 S AsYR = 142.9974
TA XY .
the centroid is,C = £ - DL.a 2.7004 in., 5.375- C = 2.6746 in.
ZAt 70.88
3 4
;- 12x1.46023 | 6x12x0.5983 | 12x3.07 wx0.162° .y 324&3 _

o 12 12 12 64

2.9872 + 0.0013 + 27.0000 + 0.0046 = 29.9931 in"

I =1 + ZAtx§’= 29.9931 + 142.9974 = 173.0 in"
[#]
Section Modulus, S :
. ‘ , . 173.0 _ .3
Inside of pipe, S§ = 5,70 64.1 in
173.0 .3
At face of core, S = 2,68 = 64.8 in
. _173,0 _ 3
At extreme fiber, S = 1.80 - 96.1 in
Total Area
A

£ = IA = 70.878 in'.z/l.f.
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COMPOSITE SECTION

b)

WITH CRACKED PROTECTIVE COATING

(USE AT SPRINGLINE FOR ALL LOADINGS EXCEPT SEISMIC)

.N
@
3
N . ’ ]
§ : .__.. _.‘.. rg .O
. S R 4 & 3
908 Bl e S
i (G, s —onq] 3
e RPN - i3 3
12.0° E
8
FIG. 31 l
TRANSF. AREA: At= bdnr(inﬂ Y (in) .At 2 Y{in®) (C?Y)(in’ y2 tiny | At ¥2 (il’la)
1 1(1221.0402)x1=  17.2824 0.7201 12.4451 1.6122 2.5992 44.9202
2 (125 0.0598)6= 4.3056 1.4701 63297 | 0.8622 0.7434 3.2007
3 j(12-2.0)x1= 36,0000 3.0000 108.0000 0.6989 0.4884 17.5831
4 Q;5586x 6 = 3.3516 4.5810 15.3537 22799 51979 17.4214
L = At = 60.9396 = ApaY = 1421285 = Agr¥2 83.1254
LA xY
the centroid is, C = = "— = égzél = 2.3323 in., 4.5- ¢ = 2.1677 in.
. i
3 3 3 4
12x1.4402 6x1.2x0.0598 12%x3.0 m™=0.162 12 . 4
— e frasia 4+ e = .
L 12 12 12 6% 6 x 5453 = 29-9940 in
I=1 + ZAtsz = 29.9940 + 83.1255 = 113.1195 in"

Section Modulus, S :

113.1 .3
At face of core, S5 = 7.33 = 48.5 in
Inside of pipe, s = 113.1 _ 52,1 in3
2.17
Total Area
A = 60.940 in.Z/l.f.
)
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12, WORKING STRESS DESIGN METHOD:

a)Loading Conditions

L.C. (:) ~ Earth Load + Pipe Load + Vacuum Pressure
. 2) -

L.C (:) Earth Load + Pipe Load + Water Load + Design Pressure
L.C. - L.C. 2 + Incremental Pressure Due to Surge
- L.C. 2 + Traffic Loading
- L.C. 1 + Traffic Loading

®

®
L.C. @ - L.C. 2 + Traffic Loading + Seismic Loading

®

0)

=
Q

- L.C, 1 + Traffic Loading + Seismic Loading

L.C. denotes Loading Condition

b) RING MODELS AND .MEAN RADII

BEDDING ANGLE - 90°

PIPE RING MODEL FOR EARTH AND TRAFF!CMLOADiNGS
_Fig.32A

-{ Due to passive
/ soil resistance)

WSU/BC

Peq = su/Bc

Be = 2.95'

Seismic
w,, -Seismic )
SU  Force

NRE ;a,:;'i"s.'";" * ‘
=\ = iz 2= SEe=\7Z= i}

) B J

PIPE RING ‘MODEL FOR SEISMIC FORCE

_Fig.328B
MEAN RADIUS OF PIPE = R
At Invert & Crown R = (D+tw)/24 (ft.) | 757~

At Springline R = (D+tc)/24 (ft.)



12 ¢)

GENERAL FORMULAS

FOR THRUST AND MOMENT

LOADING COMPONENTS THRUST MOMENT
Cibs.f12.) (ft.—tbs.[ft.)
PIPE WEIGHT Fp- cZ WP MP = C4 wP R
WATER WEIGHT Fo™ 05 WW M, = Cs Ww R
EARTH COVER Fe= Cy Wo Me = Cp We R
INTERNAL PRESSURE- =
HOOP FORCE Fn= Co P
SEISMIC LOADING Fsu = C7 Wgy Mg,® Cg Wg, R
TABLE XXII
12 d) FORCE AND MOMENT COEFFICIENTS
SPRINGLINE INVERT
LOADING
THRUST MOMENTS THRUST MOMENTS
PIPE WE|GHT Cqy= 0.25 Ca =0.077 |Cy= 0.053 |Cz= 0.102
WATER WEIGHT Co= 0.068 C4 =0.077 (Cp= 0.408 Cq = 0.102
EARTH COVER Cs=0.500 |Cg=0.140 |Cs= 0.027 [Cg = 0.157
INTERNAL PRESSURE * Cg= 378. — Cg= 378. ——
SEISMIC Cy= 0. |Cg=0.125 |[Cy= 0,500 [Cg=0.125
#* |nternal preSsure may be a working pressure, incremental pressure due to surge,
or a vacuum pressure (negative),
TABLE XXHI
12 e) SIGN CONVENTION:
Fl+
F(+)) M(+) } M (+)
‘ : i R
: -—-F(+)> M{+)
c % M) T___inside
? face
— g NA )Mm ¢ —_— —
T M{+)
! inside
4____inside NIA, face ]
T face ' (o
L.S. CROWN L.S. SPRINGLINE L.S. INVERT
SIGN CONVENTION FOR FORCES AND STRESSES

L.S.-Denotes left side.
{+) -Denotes compression,
{~) -Denotes tension,
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12d) 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. 43, p.768).

The second are coefficients arrived at by H.C. Olander in 195 (see Ref. 18,

p.10 and Ref. 19, p.15). For a discussion of methodologies in determining these
coefficients, and an explanation of the differences in the values of tﬁrust and
moment obtained from each, éee Section IV 3C.

In Table XII following, Cl to C8 are the force coefficients for circular

pipes by Paris, and C9 is the force coefficient for the hoop force in the

ring = 12Dy/2 = 6Dy.
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12£)

12g)

THRUSTS AND MOMENTS DUE TO LOADING COMPONENTS
INVERT SPRINGLINE
LOADING COMPONENTS
(bedding angle $0°) THRAUST | MOMENT THRUST MOMENT
(/1) [ (ft-tbs.fee )] (b1t} Kft.—lbs.ftt)
A PIPE WEIGHT 64 333.42 300 248.33
B | WATER WEIGHT -500 34042 -83 25250
¢ | EARTH COVER 184 2908.33 3400 2558,50
INTERNAL PRESSURE ~ ~ _
D | Hoop FORCE 56700 - 56700
€ | VACUUM PRESSURE 3780 — 3780 —_—
INCREMENTAL PRESSURE _
F | bue 10 SURGE ~22680 _ 22680 _—
G | TRAFFIC LOADING 13 205.33 240 180.58
H | SEISMIC LOADING ¥ 6500 4367.17 — 4426.75

¥ For seismic loading the invert is considered cracked, and the springline
uncracked.

SIGN CONVENTION:

Minus sign (-} denotes tension.

No sign (positive value) denotes compression.

[.F. = Inner tace of pipe.
©.F.~ Quter face of pipe.
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STRESSES DUE TO LOADING COMPONENTS -4 fepy {psi)
INVERT SPRINGLINE
LOADING COMPONENTS THRUST-| MOMENT-M/S |, qr | MOMENT-M/S
Ffa FlA
1.F, O.F. I.F. 0O.F,
A | PIPE WEIGHT - 61 42 5 61 ~58
B | WATER WEIGHT - 63 a3 -1 62 - 59
. C | EARTH COVER -536 37o 54 27 -598
INTERNAL PRESSURE - _ . — 1. _— _—
P | hoor sTrESS 77 899
E | VACUUM PRESSURE — — 60 — —
INCREMENTAL PRESSURE _ _ T
F | BUE TO SURGE -3 - 359 — -—
G | TRAFFIC LOADING —_ ~38 26 4 44 - 42
M | SEISMIC LOADING ¥ 103 1070 |~1022 — —816 563
Notes :




12h) Summations for Critical Stresses from Loading Conditions

For each of the loading conditions ocutlined 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 chanpge Afcr due to the corresponding
loading compoments equals the summation of the Afcr due to each loading
component,

The resultant core stress changes Afcr combined with the precompression
core stress fcr (due to prestressing) gives the net core resultant stress,
fncr = for each loading condition. The fncr's must be compared with the allowable
working stresses defined by the stress analysis design method of AWWA Standard
€301, (see Part III subdivision 16).

In order to obtain a summation for the Afcr's, add all the values for the
loading components and combination of leading conditions from left to right in any
row of Tables XXVI to XXXIT. The values for the fcr's are shown in the
second column from the extreme right of the table. The final right-hand column

shows the final net core stresses - fc 's for points on the pipe for a given

n
lecading condition, when the preccmpression core stress fcr due to prestressing

is added to these summations.
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SUMMATION OF STRESSES-~ LOADING CONDITION 1
12h)
STRESS LOADING A~PIPE WEIGHT | C - EARTH COVER [E-VACUM PRESSURE
L OCATION STRESSES (psi) | STRESSES (psil | STRESSES (psi) | fncrs
cr f {
cr+dier
POSITION FACE | THRUST [MOMENT | THRUST [ MOMENT | THRUST | MOMENT | (<)) (pg)c
L.F. 3 61 58 633 62 — 817 2236
SPRINGLINE
Q.F. 5 ~57 56 - 589 62 — - 523 896
i, F, 1 - 62 3 ~ 544 53 — -~ 549 870
INVERT
O.F. 1 42 3 363 53 — 482 1881
TABLE XX¥I
SUMMATION OF STRESSES ~ LOADING CONDITION 2
A- PIPE WEIGHT {B-WATER WEIGHT {C-EARTH COVER ]D-INTERNAL
STRESS LOADING STRESSES STRESSES STRESSES PRESSURE-HOOP '
LOCATION {psi) ipsi) {psi) STRESS {psil | A ey . ner=
: . cr+afer
POSITION FACE | THRUST |MoMeENT | THRUST | MOMeNT | THAUST | MOMENT | THRUST | MOMENT| (pSD) (psi)
I.fF. 5 61 -1 62 56 633 ~ 930 — 114 1305
SPRINGLINE
O,F, 5 - 57 -1 -58 56 -589 - 930 —_— -1574 -155
ILF, 1 - 62 -7 -63 3 ~-544 - 8§00 —_ -1472 - 53
INVERT -
O.F, 1 42 -7 43 3 363 - 600 —— ~358 1064
TABLE 3XVIT
SUMMATION OF STRESSES -~ LCADING CONDITION 3
LC D=-INCREMENTAL
STRESS LOADRING STHESSES A HOOP STRESS {
LOCATION {psl) DUE 1O, JURGE at nera
cr f {
cr+b
POSITION FACE | THRUST +MOMENT | THRUST [ MOMENT| ) (p“}C‘
I.F. ~- 114 - 372 —_— = 486 933
SPRINGLINE
O.F. -1574 ~ 372 — -1646 -527
i.F. - 1472 -320 — ~1792 -373
INVERT :
O.F. - 355 -320 — - 675 744
TABLE XXVIIL
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12h)

SUMMATION ©OF STRESSES- LOADING CONDITION 4
STRESS LOADING Lc. G ~TRAFFIC
R .
T
LOCATION STRESSES {psi) STRESSES (psi) At fhers
ST Heroaf
Cr+olier
POSITION FACE | THRUST +MOMENT | THRUST | MOMENT | (o4 (p3i)
LF. - 114 4 as - 65 1354
SPRINGLINE
O.F, - 1574 4 -a2 -1512 - 193
(A - 1472 0 -38 -1510 -9
INVERT .
Q. F. - 355 0 25 - 329 1080
TABLE XXIX
SUMMATION OF STRESSES -~ LOADING CONDITION 5
STRESS LOADING Le. (@ G - TRAFFIC H - SEISMIC f
LOCATION STRESSES (psi) | STRESSES (psi) STRESSES (psi) at ner=
) ’ cr f f
Cr+d
POSITION FACE | THRUST +MOMENT | THRUST | MOMENT | THRUST | MOMENT | (i) (psi)cr
I.F. - 14 a 45 o - 829 | - 894 525
SPRINGLINE
O.F. - 1574 4 - 42 o 553 - 1059 350
Al
i, F, - 1472 o -38 107 1081 - 322 1087
INVERT
O.F. - 355 0 26 107 ~1008 -1228 191
TABLE XXX
SUMMATION OF STRESSES -~ LOADING CONDITION 6
STRESS LOADING L-c. G = TRAFFIC
LOCATION STRESSES (esi) STRESSES (psi) At fher=
cr fCI'-l»Afcr
POSITION FACE | THRUST +MOMENT | THRUST | MOMENT | o) tpsi}
LE 817 4 45 856 2285
SPRINGLINE :
O.F. ~ 523 4 -~ 42 - 561 858
I.F. - 549 o - 38 - 587 B32
INVERT
O.F. 462 [/} 26 488 1907
TABLE XXXT
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12h) SUMMATION OF STRESSES - LOADING CONDITION 7
STRESS LOADING e () G - TRAFFIC H - SEISMIC
LOCATION STRESSES (psi) | STRESSES (psi) STRESSES (psi) af fncrw
cr f f
Cr+s
POSITION - FACE | THRUST+MOMENT | THRUST | MOMENT | THRUST | MOMENT | (psi) ‘pﬂ)cr
i.F. 817 4 45 (¢} - B29 37 1456
SPRINGLINE
O.F. - 523 4 -42 0 553 - 8 1411
ILF. - 549 0 ~-38 107 1081 801 2020
INVERT
O,.F, 462 0 26 107 -1006 | -411 1008
TABLE XXXIT
Conclusion:

Pipe is adequate. All stresses are below allowable values.
Critical loading conditions are:
Steady State Loading:
Loading (1) Springline I.F.: 2236 psi < 2250 psi allow. (see p.l142)
Loading (2) Springline O.F.: -155 psi < 530 psi allow.
Transient Load;ngs:

Loading (6) Springline I.F.: 2285 psi < 3000 psi allow. (see p. 142)

Loading (3) Springline 0.F.: -527 psi < 743 psi allow.
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12i) Maximum Operating Pressure and Earth Cover:

Resultant concrete stress:

12PR
f = f — _._._.X_ -+ .)_:E_ + Z‘...M.
c cr A - A — 8
t t
For tension control: f < K f'C K = 7.5 (steady state)
¢ K = 10.5 {transient)
i R A (see Part III, Subdivision 16)
a) P = e +xyEr +2E oMt ,
w max. cr c At S 12RV

where the summation of the thrusts = IF = IC x W

and the summation of the moments = IM = ZCxWme

C = Moment and thrust coefficients, see Tables XXII and XXIII

b} the maximum cover load,W, for tension:

dr
? — — [
. AtS(K f . + fcr) + S{ZF Fearth) [At(EM Meartg + S(lZRv)Pw}
dt C6R.mAt - CSS
(see Ref. 19, p.10) .
c) for compression control: fC < K'f'C K' = 0.45 (steady state)
K' = 0.60 {transient)

A Sf + S + IM) - 2R
S er (ZF) At( ) S(1 y)PW

1
c K AtS
gsolving for maximum cover load
1 — — —
y AtSK + S(12Ry) PW [AtSfCr + S(ZF Fd)+At(ZM Md)
dc C6RmAt + CSS

(see Ref. 19, p.10)



Tension Control

Loading condition (3}, see section 12a, p.151
Critical Location:

0.F. springline

fCr = 1419 psi
K = 10.5 (for transient loading)
f'C = 5000 psi
IF = F + F + F = 300 - 83 + 3400 = 3617 l1bs/foot
pipe water earth
At = 60.9
IM = M_, + M M = 2980 + 3042 + 30702 = 36724 ft.lbs/foot
pipe water earth
5 = 52.1 in3
A = 63,1 in2
t
12R_ = 378, R = 32.25 in.
y m
C5 = (.500, C6 = 0.140, Bd = 7.9 ft, ku' = 0.11
o 3617 36724 60.9 .
a) Pomax. [}419 + 10.5 Y5000 + 0.5 " 52.1} 378 244 psi (i}lowable)
For P. = 150 psi o surge
v 244 .
= - = il = = 1 ™
P, (PW+ Apsp>i1'4 Pw 210ps.1,Pw max. 1.4 175 psi >

(allowable) ¥
_ 60.9x52.1 (10.5 V5000 + 1419) + 52.1 x 217 - [60.9x6022+52.1x378x%210)

5) Wie max 0.140x32.25%60.9 = 0,500%x52.1
= 9509 1bs/1lin,foot
Wd = Cd Xy, % de Cd - 2008 . 1.21, ku' = 0.11
120%x7.9
—2ku'H/B Inf1-Cc 2ku’)xB
c = 1-e d H - d d , where ln = natural logarith
d 2y’ max ~2ky’

In{(1-1.21%2%x0.11) x 7.9

-2x0.11
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121) Compression Control:

Loading condition (1)
Steady state loading
Critical Location: I.F. Springline
At = 60.9 in2
S = 48.5 in3
f = 1419 psi
er

LT

1]
]

¥, o+ + F 300 + 3780 + 3400 = 7480 -1bs.
pipe vac. earth

M = .+ M + M = 2980 + 0 + 30702 = 33682 ft., 1lbs/foot
pipe vac. earth
12 = 378
y
Pw = ~10 psi {(vacuum)
k' = 0.45
R = 32,25 in
m
C. = 0.500 R = 32,25 in ku' = 0.11
5 . m .
C6 = 0.140 Bd =7.9 ft.
Q) £ _ 60.9x%48.5x1419+49.0x7480+60.9x33682-48.5%x378x10 =
¢ req'd 0.45x60,9x48.5
= 4834 psi
W _ 60.9x48.5x0.45%x5000+48.5%x378x10~[60,9x48.5x1419 + 49 . x4080+60.9x2980]
d max. 0.140%32.25x60.9+ 0.500x49.0

7541 1bs/lin.foot

7541

Ca = To0x797 - 101
g - inQ=1.01x2x0.11)x7.9 _ g o £oop

max. ~2x0.11
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13. CRACKING CONTROL CALCULATIONS

a) Bedding classes and load factors L

Bedding class B - L

Bedding Class I - L

f

f

[

£
1.9

1.1

b) Allowable three-edge bearing load at PW:

For cubic parabola design method

See Part III Appendix "B" Subdivision 15

Three-edge bearing load - W:

f
cr

= 1419 psi,

Maximum three-edge bearing load for 0.001 crack at P = 8

¥ 001

Wo = 0.9 .001

Po = 229 psi (see B-4)
P = 150 psi <P

W o

P = P +AP = 210 psi
s w  sp

For Pw = 150 psi W
For PS = 210 psi,

A

=

= 11400 1bs/lin. foot (see Fig. 33)

= 0.9x11400 = 10260 1bs/lin. foot

4P
0
.7x10260 = 7191 1bs/lin. foot (see Fig. 34) (Governs)

0.841 x 10260="8630 lbs/lin. foot (see Fig. 34)
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13¢) Equivalent three-edge-bearing loads - W:

For Class "B" Bedding:

W= We/Lf = 6800/1.9 3579 1lbs/l.f. < 7191 1bs/1l.f. (allowable,see Fig. 34)

For Class '"D" Bedding:

W= We/Lf = 6800/1.1 = 6182 1bs/1.f. < 7191 1lbs/1.f.
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PART I¥ 6
THREE~EDGE BEARING LOAD vs. RESULTANT CONC. CORE STRESS

PRESTRESSED CONCRETE CYLINDER PIPES— STANDARD CORES

Three edge bearing loads

L] ) 1;'05 cx .
L0001 wide » long cra 60

at zero internal pressure.

-PCEC PIPES

16000
i 547
14000 F
™ i
4
o 42"
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2] 32000¢
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x! 16000}
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i
¥ 4000}
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RESULTANY CONCRETE CORE STRESS f., (PSI)
FIG. 33
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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 5B - Crack Control-Serviceability

Criteria, page 107 and section 5C - 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 industryc*),=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 equivalent actual load (the field load reduced
to account for the cushioning effect of the bedding). The values of the

safety factor lie in the vange 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 C301. Using this load and the bursting pressure as the
ultimate internal pressure, an ultimate interaction curve may be calcu-

lated by the formula:

where w, = ultimate equivalent three-edge-~bearing load at internal pressure p

Wu = ultimate three-edge-bearing load -~ 2.5 x Wd Sat p=0)

WO = incipient cracking design vertical load at zero internal pressure
(see Appendix B, Part III, 15)

Pb = bursting pressure (see Fig. 20)

The load W6 is a function of the concrete core precompression stress,
fcr’ and the diameter of the pipe. Graphs of WG for PCC pipes of diameters
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.) 1Industry has found it convenient to express the
precompression stress fcr as a function which contains a loss parameter

B which lumps together all the loss effects., The general formulas for

fcr and B are given in Fig. 20 of Part IV,
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PART ¥
THREE- EDGE BEARING LOAD vs. RESULTANT CONC. CORE STRESS

PRESTRESSED CONCRETE CYLINDER PIPES WITH STANDARD CORES

Three edge bhearing loads
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FIG.1
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A. DUltimate Interaction curve for cracking of a 30" PCC pipe: .

Using the pipe input data for the 30" PCC pipe shown on page
(Part 1IV), 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
_ _ 0.285 + 0.7320)
(1 - 0.0570)[1 + 5.0 == ]

B = = 0.7129
1.017 1.017
1+ 6(21.768)1[1 + 5.0(~—~—-—~2l.768)(1 + 1.50)]

Using the general formula forx fcr’ given in Fig. 20 (Part IV), the

final or resultant precompression stress in the core is:

0,285
fiij?gg)(219.750)0.7129

£ = = 1663 psi,
er 5.0
: 1.0 + (21.768) 1.017

and Fig. 1 gives for the three—edge-bearing load at incipient cracking
the value:

W = 7400 lbs/1.f.

Thus, the incipient cracking design load is: EB = 0,90 W = 6660 1bs/1.£f.,

1

the ultimate three-edge-bearing load at no internal pressure W 2.5 WO
u

16,650 1bs/1.f.

the balancing pressure P, = 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 ef both the ultimate interaction and the design
cracking curves are given on Fig. 2. With the earth load we = 3146 1lbs./1.f.

(see p.124 Part 1IV), the equivalent three-edge-bearing lcads are:
3146

n.mn . = = 2T = =
for class "p Bedding, W We/Lf 11 2860 1bs./1.f. = 0.4294 W_
where the load factor L. = 1.1 (see Part IV.3, p.137 and Part II , Fig. 12 p.15)

f
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for class !I'B" Bedding, W = WC/L = %%%;-* 1656 1bs./1.£. = 0.2486 WD

where Lf = 1.9 (see Part 1., Fig. 12, p. 15). Therefore, the factors

of safety (F.S.) and the Reserve Strengths (R.S5.) for Class "B" and

Class "D" Beddings are:

2.254 WD
F.S. for Class "D" Bedding = 5i0h w - 5.25
* O .
2.254 W
F.S, for Class "B" Bedding = Erizég“%—-= 9.07
) )
R.S. for Class D" Bedding = (2.254 - 0.4294)WO = 1.83 WO = 12,152 1bs./1.£.
R.S. for Class "B" Bedding = (2.254 - 0.2486)W0 = 2,01 WO = 13,356 1lbs./1.f.

These values of the F.S. and R.S. appear in Fig. 2. (Computations for
the significant points  of tﬁe 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 1V

2
0.5586 + 0.7176
(1 - 0.05 - 0.05)[1 + 6.0¢( 53.282 s

B =
1.276 1.276
1+ 7. 0(,3 282)][1 + 6. 0(53 282)(1 + 2.0)]

L]

0,7045

Using the general formula for fcr’ given in Fig. 20, Part IV, the resultauc

precompression stress in the core is:

0.5586
G575, 282)(219 .750) 0.7045

fcr = = 1,419.1 psi
1.0 + (53 282) 1.276
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From Fig. 1, the three-edge-bearing load for incipient cracking
W = 11,400 lbs./1.f.

The incipient cracking design load W_ = 0.90 W = 10,260 1lbs./L.f.
The ultimate three-edge~bearing load at no intermal pressure Wﬁ=2.5 WO; 25,650 lbs./Lfi,
the balancing pressure PQ = 228.78 psi and the bursting

pressure Pb = 518.42 psi (see Part 1V, p.lé44).

With these parameters the design cracking curve is obtained by the
cubic parabola interaction formula of AWWA C301 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, Wo — 6,800 1bs./1.f.

(see p.1l46, Part IV). The equivalent three-edge-bearing loads are:

for class "DU' Bedding, W = we/Lf = %?%?-= 6182 1bs./1.f. = 0.6024 Wy
for class "B" Bedding, W= we/Lf = —f)i?-%—o = 3579 1bS./l'f‘ = 0.3488 WO

Therefore, the factors of safety (¥.S5.) and the Reserve Strengths (R.S.) are:

2.231 W,
F.S. for Class "D" Bedding = 0609 W 3.70
¢ o
. 2.231 WO
F.5. for Class "B" Bedding = T 3488 W 6.40
- o
R.§. for Class "D" Bedding = (2.231 = 0.6024)W0 = 1,63 WO = 16,709 1bs./1.f.
and
R.S. for Class "B" Bedding = (2.231 - 0.3488)wo = 1,88 W, = 19,311 1bs./1.f.

These values appear in Fig. 3.
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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-load 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 in. 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. 108 . 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 (presented 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:

At the invert:
Load Calculation at P = Q.

The ultimate three-edge-bearing load is:

|
x/ - +
v - SAt(lz fC + fcr)+ S(FE + Fw) At(}fp MW)
uo 0.126 RmAt — 0.324 §
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_ (64.41(71.85)(805 + 892.4) + 64.41 (~41) - 71.85(7613)_
N (0,126)(29.75)(71.85) ~ (0.324)(64.41)

29,425 1bs./1.f.

Pressure Calculation at W = 0

The ultimate Internal pressure is:

| F + FW M + M A
p o= [f + 12,/ +-F P __ W
cr Ve

]
u At S 6Dy

(-41) _ 7613, 71,85
71.85 64.41° 6(57.5)

= [892.4 + 805 + = 329 psi

At the springline:

Loaa Calculation at P = 0.
The ultimate three—edge—oeariﬁg load is;
t
£+ + - +
) SAt(lz Vfc fcr) + S(Fp Fw) At(Mp MW)

Yoo = 0.089 R A — 0.539 S
m t

(49.02) (60.3) (805 + 892.4) + 49.02(266) - 60.3(5492)
(0.089)(29.75)(60.3) - (0.539)(49.02)

= 35,270 1bs./1l.f.

Pressure Calculation at W = 0.

The ultimate internal pressure is:

I Fp + T Mp tMoA
= 3+ i
P e P 22YE + 73 g 6D,

4 t

266 5492
60,3 ~ 49,01

60.3 ,
] 6057.5) - 278 pst

= [892.4 + 805 +

Compression Control:

The ultimate three-edge-bearing load is;
ASK' £ +6PD S
t c wy

C6AtRm + C5 S

W =

ASE  + + + +
S oy S(F_+F) A QM+ M)

C &
6AtRm + CS S
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At the springline:

W = 14.99(4500 K') + 85.75 Pw - 15,237
where K' = 1.0 for ultimate stress.
Therefore, at p = 03 Wu = 52,218 1bs./1.f.

at p =p_ = 156 psi; Wu = 65,595 1bs./1.f.
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EXTERNAL LOAD ~ KIPS/LINEAR FOOT

‘
N
©
e‘—’\o‘x
<22
N2
\ PN
c.°"<\4
% 50
»
<%
55) Y/
%
¥
s2.22
sob D= 54 INCHES
CORE THICKNESS » 4.5 INCHES
Ag =045 IN?[FT OF No.6 WIRE, CLASS It
1y ™ BOO psi fe = 4500 psi
a5k 90° BEDDING, OLANDER'S COEFFICIENTS
é&/ ALLOWABLE
oL COMPRESSION
3527 & L CONTROLS
35} o"‘%‘*
e )
.& \“"

20

15

ALLOWABLE
DESIGN CURVE
FOR NORMAL

ULTIMATE
DESIGN CURVE
FOR STRESS
BY W.A.

10 OPERATING
CONDITIONS
5 o
0 L] 1 T H i L R
0 40 80 120 160 200 320 360 400
Pp=~384-—

ALLOWABLE AND ULTIMATE PRESSURE

PRESSURE - PSI

LOAD-DIAGRAM

SINGLE ~LAYER WRAP-54" PCEC_ PIPE

FIG. 3A

Note: Allowabie Pressure Load Diagram reproduced from Fig.7 p13 of ref.1

=177~






2. GENERAL METHODOLOGY FOR THE EVALUATION OF CHARACTERISTICS OF CONTINUQUS

ANDJOIDNTED RIGID CONCRETE PIPES

Table I (p.197) 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 wawve is a combination of

its tension and compression phases shown in Table II, on page 198,

Table ILI, on page 199, gives the effective extensional and rotational
mode stiffnesses and periods for a rubber-gasketed PCC and a4 PCEC 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 water 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

0.D.

CROSS- SECTIONAL MODEL OF PCC & PCEC PIPES

FIG.4

ty = Thickness of steel cylinder

tC = Total thickness of pipe without protective covering

tCC = Thickness of concrete core inside steel cylinder

t = Radial distance from the inside of the core to the center
y of the steel cylinder

F i ; =t - 2

or PCC pipes: tyr R ty{

For PCEC pipes; t =t + t_/2

or PCEC pipes; tyr € Ly/

Dy = Qutside diameter of steel cvlinder

Ry = D&/Z

D = Inside diameter of core; R = D/2

twc = Thickness of outer protective mortar covering on wrapping wire
tW = Total thickness of pipe wall with protective covering

D. = Outside diameter or pipe with protective covering = D + 2(:w

0.
Ay = Circumferential area of steel cylinder per foot = 12t
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/ 66'
» @ ./f(’-”ﬂw
The mean radius to the composite pipe <;\\- te

wall is:
: N

R=R+r Risin® o8

For R = 12 in.: R

t RAO =12t + (o - 1) A,
c C r v

where t_ = mean core thickness for the composite pDIFFERENTIAL ELEMENT FOR

COMPOSITE PIPE WALL
FiG.5

pipe wall, from which

‘ (nr - 1A
= My T Ay
tc tc + 12

The moment of inertia of the composite section about its horizontal

centroidal axis is:

=
[

m/2 9
AJ (R sin 9) tCR db
0

(nr - DA
17

wﬁS[t +
c
and since the composite area of the pipe per foot of circumference is:

ATC/ft = 12tc + (nr - l)Ay’

ATC = ATc/ft‘ x 2mMR

and
= 53
IX = TR (ATC/ft)/lz.

The extensional stiffness of the composite section without the protective

coating is, thus:

B+ Ap/fe. _
kx,p =E_ - ATC/L T x 2mR/12 ,

Wi
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3. Elastic Properties apnd Periods of Unjointed Pipes

3a) Masses of a 20 ft length of Pipe:

For the 30" diameter PCC Pipe:
weight of pipe Wp = 325 1bs./1.f., (see Part IV, p.118)

weight of water WW = 306 1bs./1.f. (see Part 1V, p.l118)

W x L

Unit Mass of the empty pipe Me = —RE;—~ s
where I, = segment length in ft.
and g = acceleration of gravity - in/sec

M= 325 1bs./1.£. x 30 £ 16,82 lb.secz/in.

386.4 in/sec
W_+W) xL

Mass of the pipe full of water Mf = 2 gw ,

Mf _ (325 + 306) 1bs./1.f., x 20 ft. _ 12,66 lb.seqz/in.

396.4 in/sec:2

For the 60" diameter PCEC Pipe:

weight of pipe Wp 1220 1bs./1.f. (see Part 1V, p.l4l)

weight of water ww 1225 1bs./1.f. (see Part IV, p.1l4l)

Mass of the empty pipe

M = 1220 1bs./1.f. x 20 ft. _ 63.15 lb.secz/in.

€ 386.4 in/sec’

Mass of the full pipe

M, = (1220 + 1225) 1bs./ft. x 20 ft, = 126.50 1b.sec2/in.

386.4 in/sec2

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)

nr = modular ratio for the pipe

one obtains:

PROPERTIES OF THE UNCRACKED COMPOSITE SECTION
WITHOUT PROTECTIVE COATING
COMPONENT A r Ar
Concrete Core 12t tc/z 6te2
Steel Cylinder (ne-1) Ay tye (ne-1) Ay tyr
Arcf, = EA = 12t Hn,-1) Ay EAr = 6tc2 + (n,-1) Ay tyr
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where ATC = total transformed area of the composite pipe in.

-
|

= Length of the segment {(in.)

[ea}
ll

and the effective modulus of elasticity (psi), (see Table IX, p.l112)

cY

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:

= + {
tw tC tWc (see Fig. 4)

We obtain:

PROPERTIES OF THE UNCRACKED COMPOSITE SECTION
WITH PROTECTIVE COATING

COMPONENT A r Ar
Concrete Core 12ty tW/z 61,2
Steel Cylinder {(ng-1) Ay tyr (nr-1) Ay ty;

Arcfer = EA = 12t +(n,-1) Ay SEAr = 6ty2+ (0 -1) Ay ty,
= ZSAr'

1
F = e——————
=A
v~ - AT ]

The extensional stiffness of the composite section with protective coating is:

. =‘Ecr x Are
X, P L
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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 (in?) rt (in) A (in®)
Concrete Core 1.875 x12 = 22.50 0.9375 21.084
Steel Cylinder (5-1) 0610 {12)=2.928 1.8445 5.401
Arc/ft= EA = 25428 EAr'=26.495
si_ 26.495 _
= T iTi 1.042 in.
R=R+r
= 16.042 in.

A = 27R x A = 27 §l6.042)X 25428

TC 12 12
= 213.58 in. 2
E A’I‘ 6 112
C . i . .
kx ; _ ciJ _ 2.6 x 102281 x 213 58‘ - 4.9836 x lo6 1bs/in.

-3 )
I = TR (Ao/£0)/12 = m(16.062)° x 2.119

= 27.482.5 in.4
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3c,11i) Composite Area Extemsional 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' (in®)
Concrete Core 12x 2.6875= 32.250 1.34375 . . 43,338
Steel Cylinder (5-1).0610 (12)=2.928 1.8445 5.401
, Arc [ft=EA = 36,178 S Ar' w 48.737
- 35.178 .
P'e 23002 = 1.385 in.
R=R+r1 =16.385 in.
Apg = 2MR = 2n i§'385> x 35.178 = 301.81 n°°
6 112
_ _ _ 5.6 x 10°psi x 30.181 _ 6 R
kk,p Ecr 570 = 7,.042]1 x 10" 1bs./in.
(n - DA
B - 3 X
I = TR T, = m(16.385)7 x [tc + 15 }
= T(16.385) (A /ft)/12
. ATC T

40,511.6 r‘m.[‘l

I}
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3c,1ii) Composite Area, Extensional Stiffness and Moment of Imertia for

a 60" PCEC Pipe without Protective Coating:

| _ 63. - 60., _ 0.0598 _
tyr +t .t ty/Z = ( 3 )

PROPERTIES OF THE UNCRACKED COMPOSITE SECTION
WITHOUT PROTECTIVE COATING FOR A 60" PCEC PIPE

COMPONENT A(in2) r'{in) Ar' (ma)
Concrete Core 450 x 12 = 54,000 2.28 121,500
Steel Cylinder (6-1).0598(12)=3588 1.470 5275

Arc/iti==A = 57.588

EAr'= 126.775
' 126775

= 2,201 in,
57.588
R=R+ 7T = 32,201 in.
2 R

_ e _ 2
Ape = T3 % Ap/Et = 16.860 x 57.588 = 970.957 in.

E . A 6
K _ _Ctr Te _ 4.7 x 107 x 970.957 - 19.015 = 106 1bs. /in.
X, P L 240,
=3 - 3 57.588
Ix = R x t:C = (32.201)" + =5
A

503,394.8 in.
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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
coMPdNENT A(nnZ) r'(in) At (m3)
Concrete Core 12x 5,375= 64.500 26875 173. 344
Stee! Cylinder (6-1).0598(12)=3.588 1.470 5,275
18 619Arc jft= EA = 68.088 EAr' = 178.619
-?B—:—O—B-—a—ﬂ 2623 in.

R=R+ 71 = 32.623 in,

_ _ 2m(32.623) _ -
Apg = T3 % Al = 55 x 63.088 = 1163.0° in.

E . 6
. _ Cer Are _ A7 x 10 x 1163.0 _ 5y 575 « 10° 1bs./in.
X,p L 240,

I =78 x 3 ﬂ(32.623)3(ATC/ft)/12

1T(32.623)3 + 68,088/12

618,886.3 in.”

Extensional.Periods of 30" pipe without the protective coating:

k

7.0621 x 10° 1bs./in. (see p.185)
X,P ?

L

circular frequency of full pipe

k 6
w _ X,p . 7.0421 x 10 _ -1
£,p Mf 37 66 464.34 sec 3

period of full pipe

_2m 2w
Tf,p =3 = W6k 3% 0.0135 sec.
f,p
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circular frequency of empty pipe :
6

B 7.0421 % 10~ _ -1
we,p = 16,52 647.05 sec
period of empty pipe:
2T 2T
Te,p =5 : = Ch7.05 = 0.0097 sec
6 .
k = 4.9836 x 10" 1bs./in.
X,P
circular frequency of full pipe;:
k 6
_ XsD _ 4.9836 x 10~ _ -1
wf,P = 'Mf = 39 66 390.63 sec
period of full pipe:
2 2n
TfaP = 0, = 350.63 0.0161 sec
circular frequency of empty pipe:
4.9836 x 10° -1
we,P = 16.82 = 544,33 sec
pericd of empty pipe:
2T 2T _
Te,p = = 544.33 0.0115 sec
e,p

Extensional periods of the 60" PCEC pipe without the protective coating:

The extensional stiffness = kx p = 19,015 x 106 1bs./in (see p.186 )
3
2,.
Me = 63.15 1lbs.sec”/in.
2,,
Mf = 126,5 lbs.sec” /in.
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e

J

&
_ 1 5xp . 19.015 % 100 _ -1
wf,P \/ Mf 1765 388.47 sec
2n 2w
e T W T 38847 0.016 sec
3
/E;%E 19,015 x 106 1
= 2 = * = -
me,p M 63 15 548,73 sec
e
the period of the empty pipe is:
27 T
Tx,p = me , = Si8.73 ~ 0.012 sec
¥
Extensional periods of 60" PCEC pipe with the protective coating:
Kx o ™ 22.775 x 10% 1bs./1in. (see p.187 )
]
/ 6
| Ky 22,775 x 10 -1
= ./ P _ AL./72 X AU
wf,p V Mf 176.5 424,31 sec
_2r _ _2m
Tep ~ G, = T24.31 - 0-015 sec
P f,p
o o B | 22775 xw0® oL -1
e,p M 63.15 : sec
e
2T 2
Te,p =5 = 600.54 0.011 sec
€,P
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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 A _ = A x 20R /12
‘ yT v c
where RC = average radius of cylinder = R + tyr

tensile extensional stiffness of the pipe kx = EsAyT/L

3

where ES = the modulus of elasticity of the steel

i) Cylinder area, tensile extensional stiffness, and periods of a 30" PCC pipe

0.732

a = 5 x am(16.8445) R = 15.0 + 1.8445 = 16.8445 in.
2
= 6.45600 ) gy
K =28.0x 10 x0.456 _ 5535 o 1% 1b/in. (in tension)
X,D 240,

M = 16.82 1bs.sec2/in.
(see p. 179 )

M. = 32.66 lbs.secz/in.

£
N L /6.7532 2105 o e Ll
£,p M, 32.66 .86 s
_ 2% _ 29 _
Tep ~ be s = 151,86 o ‘041 sec
!E 6 -1
w o= Xp . 0.7532 x 10 = 211.61 sec
e,p y Mg 16.82
o 2n 27 -
Tesp " @ 711,61 = 0-030 sec

b
ii) <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 lneglecting the entire

concrete core {see discussion of thisabove)] with:
R =R+ ¢t = 30.0 + 1.470
c yr
= 31.470 in.



is:

2MR
o

0.7176

2
= (F557) x 21(31.470) = 11.824  in

28.0 x 106 x 11.824

6
= 570 = 1.,3795 x 10 1bs./in. (in tension):

63.15 lbs.secZ/in.

9 (see p. 179)
126.50 1bs.sec”/in.

[k / 6
| “x,p 11.3795 x 10 -1
. {_ZX - f L. X =
v Mf %f 126.50 104.4 sec
27 2
= —— = = 0.060 sec
wf’p 104.4
v 6
- vf—iﬁﬁ» - 351‘322512 L0 - 147.8 sec™t
a
= wZW = 122 < = 0.043 sec

b
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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 ¢f 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 o subtended by the neutral axis

is¥
- + upn = io .
tan ¢ = O i-p ° where p tS/tw (see Fig.6 )

The formula for the moment of inertia of the cracked section is also given

in the proposed AWAA Manual M9:

_ 3 0O 2 3 . 1 2
IX = 2RC tw[(l p)(2 + acos o 5 sin 2a) + npw(z + cos )],
where R = R+t
c vr
R = radius to the innerface of the concrete core

and tyr= radial distance from innerface of the core to the center of the
steel cylinder (see Fig. 4).

For a 30" PCC pipe:

-~ - npf - _ 0.0610 _
taii o = o + 1-p P tS/tW 5 6875 0.0227
n=2>5 (centrifugated conc.)

(for derivation see vevised AWAA Manual M9, Chapt. 8 pp. 122-124)

npr _ 5(0.0277) w

ip (1= 0.0227) ~ V-3648
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dAp

Neutral
Axis

ricos©-cos )
fcos ©

r.cosot

Csr {1+cosck)
rcos ¢

Concrete
Lining

Steel

Cylinder Cancrete
Coating

PIPE MODEL FOR HOLLOW CIRCULAR TUBE

(ELASTIC CRACKED SECTION FOR LONGITUDINAL BENDING)
FIG. 6

dAy

Outside radius of steel cylinder, (in.)

-
I

t = Total pipe thickness with coating (in.)
t, = Thickness of concrete lining and coating, (in.)
t = Thickness of steel ecylinder, (in.)

Area of concrete tcrde

]

Area of steel
ts
p = E~3 or ts

t rd8, or t rd¢
s s

1l

pt

and,

it

Area of steel prrdd, or ptrdé

dAp = t[1+{(n-1)plrdo; dAT = nptrdé
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tan o — o -~ 0.3648 = 0
Solving by Newton's method of tangents:
f(u) = tan o ~ o - 0.3648

flla) = secza—l = tanzu

f(uo)

o = a3 = 51.,7333° = 00,0929 radians

sin o 0.7851

it

0.6193

[

cos O

cosza = (0.3836.

The moment of inertia of the cracked section for the hollow tube is:

- 3 a 2,3 1 oaga?
Ix = 2RC tw[(l p)(2 + cos o 5 sin 2a) + np'fr(2 + cosTa) ]
R =R+ ¢
c T
= 15.0 + 1.8445 = 16.8445 in.
IX = 2(16.8445)3 x 2.6875[0.9773{0.4515 + 0.9029(0.3836)-0.75(0.9725)}

+ 5(.0227)7(0.50 + 0.3836)]

9,813.30 in.4

1

For a 60" PCEC pipe:

St = %i%%%? = 0.01113 ; n = 6 (cast-in-place concrete)

npnm__ _ 6(0.01113) w
(1-p) 0.98887

= 0.2122

tan o - o - 0.2122 0

Solving by Newton's method of tangents (see Ref. 4).
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@ = G, = 44.8617° = 0.7830 radians
sin o = 0.7054

cos o = 00,7088

cos’a = 0.5024 sin 20 = 0.99999
p = 0.01113

(1-p) = 0.98887

R =R+t =30.0+ 1.470 = 31.47 in.; t =t + ¢t
c yr W ¢ wc

=
I

3 o 2.3 1 2
- i o - = : = 4 o
. ZRC tw[(l p)(2 + gcos 5 sin 2a) + np'lT(2 cos )]

2(31.47)3x 5.375[0.98887{0.3915 + 0.7830(0.5024)-0.75(0.99999) }

+ 6(0.01113) ().50 + 0.5024)]

I_ = 83,535.9 in-4

Periods of transverse bending motion for cracked secticns:

; . Point of
For the transverse bending mode the displaced Inflection
shape of a pipe of length L is
given in Fig. 7. qQ
Yo | Y2
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 1IV).
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3.89

F o= o4
; 3
W L L
f,p( /2)( /2)
e,p
8EL
The period is: e p“
f,p £~ 44.010 | EI_
For a 20' length of pipe:
j‘w
2 { f,P
T _ (20 x 12) | _e,p
f,p 44,010 EIX
e,p

i/ Ve P

1308.794 \( —-E—alf

]

The periods of the full and empty pipe are given on the next page (196a).
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PERIODS OF VIBRATION DUE TO

PART YV 3

LONGITUDINAL WAVE - ELASTIC CONT. PIPE

TYPE OF § SERVICE TX!T Tension T"’c Comp. TX"'iz(Tx,T*'Tx.C)
PIPE CONDIT!ON |(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
60" DIAM
20' LGTH
EMPTY 0.043 0.0110 0.0270

TABLE
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4. PROPERTIES AND PERTODS 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
0 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 citrcumference 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 dinstalled joint in the field, the extensional and rotational character-

istics 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. 16A and 16B, 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 hy 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 O~ring diameter and called

gasket deflection, 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. TUsing Fig. 8 and with a linear relationship between the internal
pressure and the contact width (see Ref. 3),results in a peak gaskeb contact pressure
of approximately 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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21/32-1NCH DIAMETER O~RING GASKET

EXTERIOR OF JOINTK
1

'§
PrEerrreerree ey

INTERNAL HYDROSTATIC PRESSURE

500 | + 4
200 psi hydrostatic pressure
1
175 pst
5w /g TO\L
w 1125 esi |
o«
g 100 psi {
2 300 AT
w / 1775 psi
[
& 5055
(-
,.2. f 25 pst
g 0 d Qos i
[}
- ////
w
x
w
< 100 :
4] \
[ a2 03 04 [+X-3 a6 Q7

CONTACT WIDTH, INCHES

CONTACT PRESSURE, 64 DUROMETER

FROM RUBBER- GASKET JOINTS FOR CONCRETE PIPES
JOURNAL AWWA 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
function of themean contact pressures and the coefficients of friction across

the bearing surfaces at the gasketed joint by the following simplified equation.

Ff - ¥ st Usc + ug wg ch

where ug = mean coefficient of friction for the rubber gasket on the steel

bell ring = 0.70

=
]

the width of the compressed gasket = 0.75 in.

o, = the mean effective gasket contact pressure = 215 psi for an internal
pressure of 150 psi
M, = mean coefficient of friction between the steel surfaces of the bell
and spigot = 0.40
st = the width of steel to steel bearing between bell and
spigot = 0.50 in.
g = 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 (OSC = (), and that only the gasket contact

pressure is active in resisting joint extensions in the ungrouted joint.

For a working pressure of 150 psi,

Ff = 0,40%x0,50x0 + 0.70x0.75%x215 = 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:

FX = Ff X WX Dg’
where D =D + 2t
g y g
and tg = gpproximate average thickness of the compressed gasket = 0.375 in.

(see Fig. 16A, part 11 for details),

For the 30" PCC pipe:

D =D + 0.75 = 34.5 in
g y
and FX = 112.88 x 1 x 34.5 = 12,235 1bs.
For the 60" PCEC pipe:
D =D_+ 0.75 = 63,75 in
g ¥y
and Fo = 112.88 x T x 63.75 = 22,607 1Bs.

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 teunsile joint force for the grouted
joint is:

Fxm = FX + ZWRCm xt o x 300 psi

where the average radius to the centroid of the grouted mortar is:

R =R+t /2
cm c

and the effective thickness of the grout Is: t = tc—(1/2'+9/16 ) = tc—l l/16 in.

For the 30" PCC pipe:

R =15.0 + 1872 _ 159375 iq
cm 2
€ = 1.875 - 1.0625 = 0.8125 in
F__ = 12,235 + 21x15.9375 x 0.8125 x 300 = 36,645 Ibs.

For the 60" PCEC pipe:
4.5

R = 30,0 + —/—— = 32.25 in
cm. 2
tm = 4.5 - 1.0625 = 3,438 in
Fxm = 22,607 + 2wx32.25 x 3.438 x 300 = 231,570 1bs.

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:

X X,g max

where

By = maximum extension = E = 0.375 in (see Table VIII, Fig. 17, Part II,
P. 24 )

and kx g = average extensional stiffness at leakage
3
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Therefore:

K o= Ja =223 35 69674107 1hs/in

X, g x' "max = 0.375

Assuming the protective coating has cracked due to the action of a seismic wave,

the deformation before the cement mortar becomes ineffective is:

¥
A = kxm _ 36,0645 > = 0.0074 in,
Max X,p  4.984x10

where k is given in Table 1.
X,Pp

For a 60" PCEC pipe at a working pressure of 1530 psi, Amax = E = 0.875 in, see Table VII
22,607 Fig. 17, Part II p.24

- . 3 ,
. NSE = 25.837x107 1bs/in,

k = F /A
X\ 8 x' “ma

the deformation at the limit of the cement mortar cracking is:

_ B _ 231,570
m k 6
max X, P 19.015%10

= 0.0122 in

d) Maximum Compressive Force and Deformation for the Crouted Pipe Joint.

Assuming that the outer protective coating cracks under the action of a
seismic shear wave:

For the 30" PCC pipe,

the maximum compression joint force = P,c = ATC X f'C = 213.582 x6000 = 1,281,500
. . . ; _ P,
the maximum compressive joint extension = A%ax _ ch - 1,281,502 - 0.2571 in

X, P 4,984%10

For the 60" PCEC pipe,

the maximum compressive joint force = ch = ATfo'C = 970.962 x5,000 = 4,854,800 1im

P,
the maximum compressive joint extension = AC L S 4,854,800
max %,p 19.015%10

= 0.2553 in.
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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

F = F +Fm = 112.88 + 0.8125x300 (where Ff = 112.88 1bs/in

=356.63 1bs/lin.in. and ¥ = £ x300 lbs/in)

For a 60" PCEC grouted pipe joint under a working pressure of 150 psi

14

¥ = F _+F
m

112.88 + 3,438%300
f,m f

1144.28 1bs/lin.in.

it
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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:

7/ 2 EB_ EE_
N% = 2 Ff 5 (1+4sinb) > de =
-n/2

Similarlyjfor the grouted joint, assuming that the moment arm for the grout is

T
+ F
2 f Dg

approximately the same as that of the gasket, the moment at the joint is:

T 2
Mﬁj 2 Ff,m Dg

Therefore, for the 30" PCC pipe at a working pressure of 150 psi:

Mj = g x 112.88 x (34.5)% = 211,045 1b-in
and M = T x 356.63 x (34.5)% = 666,770 Lb-in

For the 60" PCEC pipe at a working pressure of 150 psi:

M, = Jx 11288 x (63.75)% = 720,605 1b-in

and M . =T x 1144.28 x (63.75)% = 7,304,871 1b-in
mj 2
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g) Joint Rotations at the Cracking of the Grout:

For the 30" PCC pipe, with a maximum mortar tension f em = 0.300 ksi

Fa® 0.30x 240

the maximum elongation = A = = = ,0129 in,
max E - 3
cr .6x10

the maximum rotation for cracking of mortared joint:

Amax 0129
¢max = Dg = 3550 0.0004 radians = ,021 degrees,

For the 60" PCEC pipe:
£ =L
tm

W = 0.30 ngo = .0153 in
max cr 4,7x10
Amax 0153
¢max = Dg = "e3 .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¢ - fi,

8
where the rotation at leakage = 6 = Amax/D = E/D where E = maximum extension
g 8 at the joint at
leakape
K A Y3
$ = Mj/(E/D ) = 55 D~ (see Table VIII, Fig.17,
& & part 11 p. 24 )

For the 30" PCC pipe:

§ = E/Dg = 0.375/34.50 = 0.011 radians = 0.62 degrees,

g 3. L12.88
g Z

.375

k

o = (G352 (3. 5)° = 19,416,140 in-lbs/rad.

T
M’Hﬁ

For the 60" PCEC pipe:

6 = E/Dg = 0.875/63.75 = 0.014 radians = 0.79 degrees,

3
g

12.88
875

Ky = 5% Ei— D7 = g-(é ) (63.75)° = 52,501,220 in-1bs/rad.
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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 rotationa{fbehavior of the rubber
gasketed grouted joint has been graphically shown in Figs. 12 and 13 for .the
PCC and PCEC pipes. These graphs are self-explanatory and show the couplexity
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.

Tf,g = 27 v "
€, 8

For the 30" PCC pipe at a working pressure of 150 psi, with:

M 32.66 lbs—sec2/1n~and

]

£
M, = 16.82 lbs-seczfin (see Part V,3., p. 179 )
/
Tf = 27 \’~§24§§-—3 = (0.199 sec.
'8 J32.627x10
T, , =27 \ 16.82 5 = 0.143 sec.
'8 ¥32.627x10
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AXIAL FORCE

A

*A

LIMIT FOR ——
CEMENT MORTAR
CRACKING
NON<~ LINEAR BEHAVIOR
- H EXACT EQUATION OF
\\ CURYVE UNDERTERMINED % %
N~
= x ~.
g & 074 ~ —
©
é » \\\ b
3 —~— =
X « § &
'S ol -t
| I
4 T Y ¥ T it L .
n'zo" o.:o‘ 030" 020" a30® 040
&A= 0.375" LEAKAGE
LIMIT
x -—-——-——— JOINT DEFORMATION ——p
o - (inches)
7]
(2] x
u 2
s o
o]
] . L~ Ky comp =4984.x108 *finch
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For the 60" PCEC pipe at a working pressure of 150 psi, with

M. = 126.5 lewsecz/in.

63.15 lbs-seczfin (see Part V,3,p.179 )

and M
e

Tf = 27 __jﬁﬁiﬁi__§ = 0,440 sec.
8 V' 25.837x10

T = oon ‘/ 63.15 .
€8 25,837x10

k} Rotational Periods for the Rubber Gasketed Pipes.

0.312 sec.

For the 30" PCC pipe at a working pressure of 150 psi:

i
f,g

20 EEL&
f,g 4,2

32.66 1bs—sec2/in (see Part V 3, p.179)

T

L]

With: M

16.82 1bs-sec2/in,

=
1

L = length of pipe

Dmax = 0.D. of the pipe

the mass mowments of inertia of the full and empty pipe are:

2
L2 3 Dmax 2 2

If = Mf ‘3‘"“*‘ —'é-‘-——-" = Mf (20x12) x 3 [30+2(2.6875)] 19,669.3 M

e é & 3 8 E
I = 32.66 (19,669.3) = 642,398.4 lbs. in. sec.?
I = 16.82 (19,669.3) = 330,837.6 1bs. in. sec.?

(<]

642.3984x10° 21

Tf = I T = ) (1.819) = 1.143 sec.

& 194.161x10

3

T = 21 330'8376Xlg - %%—(1.305) = 0.820 sec.

€8 194.161%10
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For the 60" PCEC pipe at a working pressure of 150 psi:

‘ 2
126.5 lbs-sec”/in. (see Part V 3, p.179)

With: Mf =
Me = 63.15 1bs—sec2/in.
2 3p 2 2
Loyl L9000 P43 (BEZ0IDILG L gy o771 10

I_ =126.5 (21,077.1) 2,666.251){103 1bs.in.sec.2

I = 63.15 (21,077.1) l,33l.018x103 lbs.in.sec.2

3

Ty 4= 2 2’666'251X§0 - %%» (2.254) = 1.416 sec.
’ 525.012x10
1,331.018x10° 21
Te = 2y 2 G = Ia—(l.592) = 1.000 sec.
»& 525,012%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 spliitting 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 hydrostafic pressures.
WA in their new research work proposal to NS¥ 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. VULTIMATE MATERIAL STRENGTH AND DAMAGE MATRICES.

The critical forces or deformations which cause failure of a pipe
can be determined independently cof each other to show which is dominant
in an actual failure or leakage. Although no such'forces or deformatious
actually exist dndependently 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 defo?matidns 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. 1In
preparing these calculations we used Tables I and ITI, lisfing 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 110 and 111,have alsc been used in computing the ultimate and leakage

characteristics of pipes.

A) 30" PCC ~ Pipe

Longitudinal Compression - Puc:

[ T
= ' SEND SR
P AyTFy + A F, 0.0016E, ; where Fy/O.OGOlSES < 1.0

(See Ref. 2, p. 546 for ultimate axial load of concrete-filled steel tubular column.)

41.0
0.0018(28000)

Puc = 6.456 (41.0) + 2.6875 (2w x 16.385)x6.0 x \/ = 1762.1 kips
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Longitudinal Tension - Put:

For the 30: PCC pipe,
fc' = 6000 psi,

] 1
the ultimate concrete tension in the core: fut =12 gfc = §29.5 psi

(from ACI 318.71, Chapt. 18 18.4, p. 58)

f = 1663.0 psi
cr

f + £ = 929.5 + 1663.0 = 2592.5 psi
ut cY

Use ¢ = 0.90 for bending
¢ = 0.85 for shear and torsion (from ACI 318.71, Sect. 10.2.7., See Ref. 6)
Pl " ¢t(AyT.Fy +af) = ¢t(AyT bt x 21R x £ )

0.90[6.456 (41.0) + 2.6875 x 2m(16.385) 0.93]

469.8 kips

Vertical or Horizontal Shear on Cross—-Section - Vu:

\ ¢ (A

u s yT

1

. T +Af ) (where T = shear yield stress)
¥y ¢ ut y

0.85(6.456 x 19.1 + 2.6875 x 27(16.385) 0.93)

323.5 kips

Torsional Moment of Cross-Section - Tu:

3
H

¢ {2nR.R t, Ty e (F + fcr)}

0.85{27 (16.385)21(0,0610 x 19.1) + (2.6875 x 2.593)]}

11,662 in~kips
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Ring Compression - Cur:

= —_— ' -
Cp cbc{Ay x (Fy fyi) + 12tw(fC fcr)}

Assuming no internal pressure:

£ . =mn.f ., =6(2.135) = 12.81 ksi
yvi ici

0.75{0.7320 (41.0 - 12.8) + 32.25(6.0 - 1.663)}

(@}
I

ur

120.4 kips/ft

Ring Shear - V__:
ur

<
]

ar = GgIAy T+ 12E (F F £ )]

il

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

M = YL , where L = 14 ft.
u 4
Moo= 11§LZ§~15L~= 616 k-ft= 7,392,000 lb~in.
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Rigid Body Twisting Moment, Tj

At a working pressure of 150 psi

SCHEMATIC DIAGRAM OF
SHEAR FLOW AT A
GASKETED JOINT

FiG. 2

= 0.70(0.75)215 = 112.88 #/lin. in.

Tj= 2 Rg X FﬂlSO

D = 34,50'" R = 17.25"
g 2
T = 27(17.25)% x 112.88 = 211,045 in-1bs.

. . *
Circumferential Bending Moment (at sprlngllne)( )) - Mur:

The distance g, from the extreme compression fiber of the plastic
compression block (shown shaded in Fig. 3) is determined by equating the
ultimate compressions fo 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.

o - =
0.85(fc fci) 123, + AcfCi + Ayfyi (fmur + fsi)AS + fyb Ay, (a)

where fmur = the differential ultimate stress in the wire, after the initial

prestressing (ksi)

(*) It is assumed that the maximum M . moment has the greatest probability
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:

e =1f /28000
us mur

From the differential strain compatibility diagram shown in Fig. 3:

c .003 )
1.875 003 e °
us

where Bl = 0.75 (See ACI 318-71, Sect. 10.2.7, Ref. 6 of Part VI)

Joooe= 1.33 ay

. v effective
max,concrete strain 0.003 concrete core
shown shaded

[ e

////

c X /b ; /A
. il A X
n v /! /
~
ﬁ_ . - ] -
. =ik steel
1///// {1.875%c) 7\ cylinder
8.us

prestressing
wires

-y

STRAIN COMPATIBILITY DIAGRAM

RING CROSS SECTION {1 LGTH)

Fig. 3
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From (a), (b), (c), (d):
a = 0,927 in.
u

£ 157.5

mur 1.33(0.927) - 84.0 = 43.49, ksi

which satisfies the condition:
£ + £, < 293,0 ksi, for £ . = 195.5
mur si — 51

(See Table X, p.l13, Part IV).

Hence:
Mur = ¢b b Tu X faU/Z + (1.875 ~vau)]
where T = f x A = 43,49 x 0.285 = 12.395 kips
u mur s
M= 0.90 x 12.395 [22227 4 (1,875 - 0.927)]

ur Z

15.746 k-in/ft = 15,746 1lb-in/ft

i
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TABLE I - PCC PIPE

ULTIMATE  MATERIAL

STRENGTHS

ULTIMATE

COMPONENT TYPE OF ULTIMATE STRESS STRENGTH UNITS
COMPRESSTON - 6.0 ksi
CONCRETE CORE c
SHEAR OR DTAGONAL TENSION - f_ 930 psi
SPIGOT RING TENSTON - £ 50.0 ksi
BELL RING TENSTON - f 52.0 ksi
utb
BENDING - f 33.0% ksi
yb
STEEL CYLINDER TENSION -t 41.0 ksi
SHEAR - T, 19.1 ksi
CEMENT MORTAR .
TENSION - £ 30
IN GROUTED JOINT , tm 0 pst

#YIELD STRENGTH
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TABLE I

- DAMAGE MATRIX

PCC

PIPE - 30" DIAM. x 18 CORE

PIPE

CHARACTERISTICS

TYPE OF PIPE STRESS

ULTIMATE

TYPE OF ULTIMATE FORCE FORCE UNITS
RING COMPRESSION - Cop 120,400 1bs. /Lt
RING BENDING -M 15,746 in-1bsfft
CIRCUMFERENTIAL ur
RING SHEAR -V 82,960 1bs/ft.
ur
RING BURSTING* - By 560.6 psi
LONGITUDINAL COMPRESSION -7 1,762,100 1bs,
EXTENSIONAL uc
LONGITUDINAL TENSION - B 469,800 1bs.
u
LONGITUDINAL BENDING MOMENT = M 7,392,000 in *1lbs.
TRANSLATIONAL
VERTICAL OR HORTZONTAL SHEAR - V 323,500 1bs.
. u
TORSTONAL TWISTING MOMENT - T, 11,662,000 in-1bs.
"y
*DENOTES AN INTERNAL PRESSURE DUE TO HYDROSTATIC FORCES
21/32" ¢ RUBBER GASKET, P, = 150 psi 20’ SEGMENT
TYPE OF TYPE OF LEAKAGE FORCE LEAKAGE UNITS
DEFORMATION OR DISPLACEMENT FORCE
LONGITUDINAL TENSION - Pjt 12,235 1bs.
EXTENSTONAL LONGITUDINAL COMPRESSION - Py 1,281,500 1bs.
MAX. LONGITUDINAL EXTENSION - E 0.375 in.
RIGID BODY ROTATIONAL MOMENT - M, 211,045 in-1lbs.
ROTATTIONAL _ J
RIGID BODY ROTATION - 0 0.62 degrees
RIGID BODY TWISTING MOMENT -~ T 211,045 a-1bs.
TORSTONAL 3 in-1bs
RIGID BODY TWIST 245~ - ¢ degrees







B) 60" PCEC Pipe:

Longitudinal Compression - Puc:

45.0
0.0018(28,000)

)
I

uc

532.1 + 5.375(27 x 32.623)(5.0) \/

5,737.37 kips

Longitudinal Tension - Put:

For a 60" PCEC pipe fc' = 5000 psi,

LI s
fut 12 ch 848.5 psi

f
cr

1419 psi

+ £ = 848.5 + 1419 = 2267.5 psi
ut cr ‘

Put = 0.90][11.824(45.0) + 5.375 x 2T(32.623)(0.849) = 1320.7 kips

Vertical or Horizontal Shear on Cross-Section - V :
u

<
il

0.85{11,824 x 19.1 + 5.375 x 27(32.623)(0.849)}

987.1 kips

Torsional Moment of Cross-Section - Tu:

0.85{2H(32.623)2[0.0598(19.1) + 5.375(2.268) 1}

~
Il

75,783.5 in-kips
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Ring Compression - Cur:

£  =mn, £ = 5(1788) = 8.940 ksi
vi i ci
.= 0.75{0.7176(45.0 - 12.516) + 12(5.375)(5.0 - 1.419)}

[

190.7 kips/ft

Ring Shear - V!
ur

<
I

o = 0-85[0.7176(19.1) + 64.5(2,268) ]

[

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: M = E'% , Wwhere L = 14 ft.

u

M = §§9i£-li = 3010.%7%% 36,120,000 1b-in.

Rigid Body Twisting Moment - Tj:

SCHEMATIC DIAGRAM OF

"_SHEAR FLOW AT A
GASKETED JOINT

FiG. 4

D = 63,375",R_ = 31.875"
124 g

2
and 5 = 2m(31.875)° x 112.88 = 720,605 in-1bs
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Circumferential Bending - Mur:

From the differential strain compatibility diagram shown in Fig. 5,

the equilibrium Eq. (a'):

L =
O.8S(fC fci)12au + Acfci +Af  +& EA (fmur

yyi ye 8%

c .003
and from (b), (c), 4.58 = L0003 + ¢ :
X us
on p. 222
Y
mur c i L

t
+ fsi) As (a')

where Bl = 0.80

and from the condition:

f + £ . < 293.0;
muy si —

f < 293,0 - £ . (for f . see P.142 , Part IV)
- si si

mur
nax

< 293.0 - 185.35 = 107.65 ksi

effective
max. concrete strain 0.003" congrete core
[ ] shown shaded

!

' Eus I : L

{
] ) I PP NS steel
1 p 147" c au&f"*/, 5 "( ’ _‘-",./;r,/'{,'-;:;:,;;% cylinder
€yc 3 — NAS o e AT T, W R,
¢ (458"~ ¢) < AL g
N
,."’JV' ] ‘t_:e

STRAIN COMPATIBILITY DIAGRAM RING CROSS SECTION {1 LGTH)

Fig. 5
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From (a'), (b), (c) on page 222:

ay = 1.47 in.

c=1.25a, = 1.25(1.47) = 1.84 1in.

= 384.72 o) 0 =125.37 > £
C mur

max

mur

Hence fmur must be used, giving:
max

a = 1.95 in.
u

a
- _ ; c-1.47 b _ _u -
and Mur = ¢b{Asfmur(4'58 c)+[84.0(-n2~—)] Ay(c l.47}+0.85(fC fci)lzaux[2 +(c au)]}

M
ur

it

0.907160.13(4.58 ~ 1.84) + 16.89(0.7176) (1.84 — 1.47) + 32.89(1—47')(3‘—'2»le

~in/ft
200.394 k-1n/ =200,394 1p-in/ft.
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TABLE - PCEC PIPE

ULTIMATE MATERIAL  STRENGTHS

ULTIMATE

COMPONENT TYPE OF ULTIMATE STRESS STRENGTH UNITS
COMPRESSION - £ ! 5.0 ksi
CONCRETE CORE ¢
SHEAR OR DIAGONAL TENSION - ft 849 psi
SPIGOT RING TENSTION - f 50.0 ksi
uts
BELL RING TENSION - f 32.0 ksi
utb
BENDING _ 33.0% ksi
vb
STEEL, CYLINDER TENSION - fyt 45.0 ksi
SHEAR -1 19.1 ksi
y
CEMENT MORTAR TENSION - f 300 psi
IN GROUTED JOINT tm

*YIELD STRENGTH
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TABLE I - DAMAGE MATRIX

PCEC PIPE - 60” DIAM. = 4'2” CORE

TYPE OF PIPE STRESS TYPE OF ULTIMATE FORCE UI;:TC;:':;E UNITS
RING COMPRESSION -C., 190,700 1bs./ft
RING BENDING - M 200,394 in-1bs/f{
CIRCUMFERENTIAL - ur
RING SHEAR -V 135,993 lbs/ft.
ur
RING BURSTING* - Pb 518.4 psi
LONGITUDINAL COMPRESSION - P 5,737,370 1bs.
EXTENSIONAL
LONGITUDINAL TENSION - P 1,320,700 1bs.
LONGITUDINAL BENDING MOMENT - M 36,120,000 in-1bs.
TRANSLATIONAL | u
VERTICAL OR HORIZONTAL SHEAR - v 987,100 lbs.
TORS IONAL TWISTING MOMENT - T, 75,783,500 4in-1bs.
*DENOTES AN INTERNAL PRESSURE DUE TO HYDROSTATIC FORCES
—
21/32" ¢ RUBBER GASKET Py = 150psi 20’ SEGMENT
TYPE OF TYPE OF LEAKAGE FORCE LEAKAGE UNITS
DEFORMATION OR DISPLACEMENT FORCE
LONCITUDINAL TENSION - Pjt 22,607 1bs.
EXTENSIONAL LONGITUDINAL COMPRESSION -P. 4.854.800 1bs.
JC 3 b
MAX. LONGITUDINAL EXTENSION - E 0.875 in.
RICID BODY ROTATIONAL MOMENT - M 720,605 in-1lbs.
ROTATIONAL j
RIGID BODY ROTATION - ej 0.79 degrees
RIGID BODY TWISTING MOMENT - T. 720,605 in-1bs.
TORSIONAL ; 3 |
—
RIGID BODY TWIST 23} - 3 _ degreesﬁ]







PART VI1

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 Fxperiment 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 eof 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 scil 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 exﬁernal
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. 1In 1966, Drowsky outlined such an approach.(see ref. 3)§pd
in 1967, Brown started to develop finite element programs for both flexible and
rigid culvert under high fills (see 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
stiffnesses, non-lipearities in the stress—-strain diagrams of the materials,
nonhomogeneous soil conditions, non-linear soil behavior, non-linear contact
interfaces and time dependent incremeptal loadings.

Once a concrete pipe section has been selected for a given bedding and
s0il 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 1inear or non-
linear behavior and incerporate either small or large deformation theory
(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 enviromment. (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. Tt 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 elastie, 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.l8)
which models half of the symmetrical pipe ring for a reinforced concrete pipe
(type RC only) in a defined soil enviromment. 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 bhearing 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 Cencrete 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 was assumed
to be empty and the effect of traffic lead dinsignificant in view of the
depth of fill. The results of this culvert analysis are 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 calculator (see ref. 20 3. 1In the NUDESIGN 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 account 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-dimensiénal 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 fieid). "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 subject’is available in the form of pub-
iished articles or technical reports, because this work is of a proprietary
noture and .entails considerable time and effort on the part of the manufacturers,

W,A., therefore, conclude that tests supported by Federal funds-and

conducted by independent university or other laboratories are seriously needed.
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PART VTII

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 fqrces, as thev 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 lecads. 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 establishing design crite-
ria for pipelines 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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ccicepls and parameters involved, see TR-1, TR-2 and the Future Work 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 IR-3, IR-3a and IR-5:

(2) 1In view of the common usage of mild steel and cement
asbestos in underground Pipelines, 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) 1In 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.

(¢) 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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