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MEETING MINUTES 
May 20, 2008 

Attendees: 
 
Alex Christensen  Black & Veatch ChristensenAS@bv.com 
Anna Chrissanthis  K/J annachrissanthis@kennedyjenks.com 
Cara Ingebrigtsen  Brown & Caldwell cingebrigtsen@brwncald.com 
Cindy Preuss  Harris & Associates cpreuss@harris-assoc.com 
Colin Dudley  Brown & Caldwell cdudley@brwncald.com 
Dale Olson  City of Roseville dolson@roseville.ca.us 
Grayson Kohls  SRCSD kohlsg@sacsewer.com 
Jennifer Glynn  RMC jglynn@rmcwater.com 
Jonathan Lee  WVSD jlee@westvalleysan.org 
Katherine Hayden  Brown & Caldwell khayden@brwncald.com 
Mandy Gabellini  Insituform MGabellini@insituform.com 
Michael Laderman  CSG Consultants michaell@csgengr.com 
Nuria Bertran-Ortiz  RMC NBertranOrtiz@rmcwater.com 
Richard Barge  Ameron International Richard_Barge@ameron.com 
Rob McMullin  URS Corporation Rob_McMullin@URSCorp.com 
Rosemary Smud  American Ductile Iron Pipe rsmud@acipco.com 
Sasha Mestetsky  CCCSD SMESTETS@centralsan.dst.ca.us 
Stan Shogren  K/J StanShogren@KennedyJenks.com 
Ted Hopkins  Shannon & Wilson twh@shanwil.com 
Walter Pease  City of Pittsburg WPease@ci.pittsburg.ca.us 
Walk-Ins    
Shirley Kwan  City of Oakland skwan@oaklandnet.com 
David Ng  City of Oakland dng@oaklandnet.com 
Allen Law  City of Oakland atlaw@oaklandnet.com 

 
Presentation:  RCP Specifications Review:  Conditions and overview of design issues by 
Richard Barge of Ameron International. 
  
Richard provided an excellent presentation on the various ASTM and AWWA standards, noting 
the differences between the standards and identifying the key design/manufacturing features of 
each pipe under these standards.  The attached slides provide a comprehensive summary of 
the standards, but some additional highlights are included herein: 

• ASTM C76:  For gravity pipelines, with no RCP design included. 
• ASTM C361:  For pressure lines to 125’ head.  RCP design is included, but make sure 

you look at the assumptions in the appendix to ensure Class is sufficient per design and 
assumptions (e.g. surge not accounted for).  If account for surge, a higher Class may be 
required. 

• AWWA C302:  For pressure lines not exceeding 65 psi.  Surge allowance is accounted 
for here.  This standard is better than C361 in that it has more detail and requires partial 
design of pipe by the manufacturer (calculations done with information received from 
Client, so needn’t worry about misclassification which is problematic in C361.  Also 
stipulates curing of concrete to ensure higher quality of pipe.  Lap welds are required, so 
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won’t flop when being formed in cage (otherwise resulting in voids).  Make sure 
instructions are given in contract documents to test the pipe! 

• AWWA C300:  For pressure lines not exceeding 265 psii.  Note this specification calls for 
a lot of steel so can be very expensive! 

• AWWA C304:  For pressure lines exceeding 400 psi.  We have a lot of this pipe in the 
ground but we don’t use it much for new installations. Due to bad publicity ~15 years ago 
from failures in the southeast, C301 is retired.  C304 was developed after C301 modeled 
similarly, but confidence by our local consumers has dropped and it’s therefore not 
commonly used.  Watch out on this one as has prestressing wires that, when cut, could 
be explosive.  

• AWWA C303:  For pressure lines up to 400 psi.  Biggest issues with this pipe is 
deflection and cracked coating, which occurs when backfill containing rock is dumped on 
it once placed in trench.  Pipe stiffness can be adjusted by adding concrete or lining 
versus engineering the entire pipelines, especially if already in the trench. 

 
Questions:   
1. If connect to pipe, need to tack it before cut the bars?  Especially since is prestressed?  

If large tap where exposing lots of cement coating (1/2 diameter of wall), should tack.  
Ameron does have tacking procedures. 

2. Does fine tuning of specifications add significant increased costs to the manufacturer 
(versus sticking with the standards)?  Depends – could fine-tune steel to point that isn’t 
available domestically so need to procure overseas resulting in high transportation costs.  
However, standards are guidelines and minimum criteria for design, so fine-tuning is 
expected to take place.  Caution:  Don’t assume anything or won’t get it!  Standards are 
based upon Class and wall thickness.  Designer makes those decisions; manufacturer 
makes pipe to this classification and won’t interpret for you. 

 
Note:  If require testing of pipe by manufacturer, keep in mind that testing of certain pipes 
won’t necessarily benefit design of pipe, so make sure is needed (some standards are 
difficult to test, period). 
 
Richard recommends AWWA C302 and M9 for large diameter RCP’s.  This standard isn’t 
necessary, however, if pipe is just a standard 12” RCP. 

 
A big thank you to Richard for this informative presentation! 
 
General: 
March 18, 2008 Meeting Minutes:  Typo:  Last page, bottom.  Next meeting date needs to be 
changed from April 20 to May 20.  A motion was made to approve the minutes, which was 
seconded and minutes are approved with typo corrected. 
 
Raffle:  Four tickets to an A’s versus Giants game on 6/28 were raffled off to members who put 
their business card in.  Winner was Jennifer Glynn.  Congratulations Jen!  Watch out for more 
raffles as the year progresses . . . 
 
Nominations for Board of Directors Positions: Today is the last day to get your nominations 
in!  Remember, there is no limit to the number of nominations submitted by a member agency, 
but only one member agency may cast their vote once ballots are sent out!  Look for ballots that 
will be sent out by the end of the week – due back no later than May 31st at 5 p.m.  
 
No-Dig 2008 Conference Recap: Jonathan Lee, Jennifer Glynn, Cindy Preuss, and Stan 
Shogren all attended this year’s National No-Dig Conference on behalf of PUG.  The importance 
of our attendance and participation was demonstrated in the recognition of PUG’s good 
stewardship and benefits to the industry from many leaders in the trenchless technology 
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industry and attendees alike.  PUG was offered a write-up in Trenchless Technology magazine 
as well as a video spot on the online magazine for free as part of this recognition.  The Board 
also brought a gift for the student scholarship auction, and bid on select items at the auction that 
would both benefit the students and PUG as a whole.  It was quite the success and supports the 
importance of our ongoing participation in this nationally-recognized industry event.  
 
Website Update: Three proposals have been received to provide website redevelopment 
services.  Each proposal was ranked in terms of cost, comfort level with the consultant, 
experience, capabilities, and location.  The results were reviewed by the Board and a consultant 
was ranked higher than the others in each area.  References will be called and if they checked 
out, the highest ranking consultant will be selected to provide these services.  The Board made 
a motion to enter into contract with the highest ranking consultant with adequate reference 
checks, the motion was seconded and approved.   
 
Announcements & Project Discussions:  Next year’s National No-Dig Conference in Toronto 
already has a call-for-papers out.  Abstracts are due May 31, 2008.   
 
The regional mini No-Dig Conference (WESTT) is currently being planned for October.  More 
details will be provided once a date and location is set.  The current WESTT Board of Directors 
is looking at Sacramento to host this year’s mini No-Dig. 
 
NAT (North American Tunneling) conference is coming up on June 9.  Advance registration 
deadline is May 23.  Anyone interested in attending should email or call Cindy for details. 
 
Richard Barge of Ameron International provided an update on the CSAN tunneling project.  The 
A-line is currently being jacked.  It’s a 96-inch line.  Launching pit is located by the Concord golf 
course club house.  The site is accessible if anyone wants to coordinate with CSAN for a site 
visit.   
 
Dale Olson spoke of acoustical testing by PPIC.  Testing is to be conducted on a potable water 
line built in 1970. 
 
EBMUD is constructing a 48” raw from Folsom Reservoir, 42” potable line leaving there, and 
24”.  More information may be requested of Ron Basoni with Ameron International. 
 
Jennifer Glynn of RMC gave an update on her project with the Nevada Irrigation District.  Right 
of entry is still in negotiations from ~100 homeowners. 
 
Cindy Preuss of Harris & Associates spoke about a 4.6-mile dual sewer force main project in 
Aptos, California.  Environmental hold-ups are ongoing due to CEQA requirements associated 
with State & Federal grants and loans.  The most recent delay is due to archaeological 
discoveries recently made when conducting test hole excavations to ensure no artifacts are 
found along the proposed alignment.  With the recent discoveries, additional testing is needed 
and further delays are expected while the archaeological assessment continues.     
 
Next Meeting: 
Our next meeting will be held TUESDAY, JUNE 17, 2008 at the offices of Brown & Caldwell 
located at 201 N. Civic Dr., Suite 300, Walnut Creek, CA.  The topic will be on Hobas Pipe 
USA 101, given by Mike Garcia of Hobas Pipe USA.  Please call (925) 827-4900 ext 176 or 
email cpreuss@harris-assoc.com to RSVP. 
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““A Review of Concrete and 
Cylinder Pipe Standards””



Ameron InternationalAmeron International
PresidentPresident’’s Message:s Message:

•• ““Ameron Water Transmission Group is a part of a multiAmeron Water Transmission Group is a part of a multi--national national 
corporation that manufactures highly engineered products for thecorporation that manufactures highly engineered products for the
building construction and industrial markets. The company is a building construction and industrial markets. The company is a 
leading producer of concrete, steel pipe systems, fiberglass pipleading producer of concrete, steel pipe systems, fiberglass pipe e 
products, highproducts, high--performance coatings and other specialized performance coatings and other specialized 
construction products. Annual sales exceed half a billion dollarconstruction products. Annual sales exceed half a billion dollars. s. 
Multiple manufacturing facilities for concrete, steel and fibergMultiple manufacturing facilities for concrete, steel and fiberglass lass 
pipe systems offer the most comprehensive product lines availablpipe systems offer the most comprehensive product lines availablee, , 
satisfying a broad range of performance requirements for potablesatisfying a broad range of performance requirements for potable
water and waste water service. water and waste water service. Through advanced engineering and Through advanced engineering and 
production capabilities, Ameron can supply entire pipe systems wproduction capabilities, Ameron can supply entire pipe systems with ith 
either standard pipe or with custom designed pipe and fittings. either standard pipe or with custom designed pipe and fittings. 
Complete engineering packages are available to provide fully Complete engineering packages are available to provide fully 
integrated solutions.integrated solutions. Over the past century Ameron has delivered Over the past century Ameron has delivered 
over thirty million feet of pipe. This longover thirty million feet of pipe. This long--term success derives from term success derives from 
giving each customer more. More resources. More experience. Moregiving each customer more. More resources. More experience. More
quality. More choices. More service. More innovation. More valuequality. More choices. More service. More innovation. More value. In . In 
short, we do more than build pipe. We build partnerships.short, we do more than build pipe. We build partnerships.””



A review of Concrete and 
Concrete Cylinder Standards

A review of Concrete and 
Concrete Cylinder Standards

•• ASTM C 76 ASTM C 76 –– Standard Specification for Reinforced Concrete Culvert, Standard Specification for Reinforced Concrete Culvert, 
Storm Drain , and Sewer PipeStorm Drain , and Sewer Pipe

•• ASTM C 361 ASTM C 361 –– Standard Specification for Reinforced Concrete LowStandard Specification for Reinforced Concrete Low--
Head Pressure PipeHead Pressure Pipe

•• AWWA C 302 AWWA C 302 –– Reinforced Concrete Pressure Pipe, NonReinforced Concrete Pressure Pipe, Non--cylinder cylinder 
TypeType

•• AWWA C 300 AWWA C 300 –– Reinforced Concrete Pressure Pipe, SteelReinforced Concrete Pressure Pipe, Steel--Cylinder Cylinder 
TypeType

•• AWWA C 303 AWWA C 303 –– Concrete Pressure Pipe, Bar Wrapped, Steel Cylinder Concrete Pressure Pipe, Bar Wrapped, Steel Cylinder 
TypeType

•• AWWA C 304 AWWA C 304 –– Design of Design of PrestressedPrestressed Concrete Cylinder PipeConcrete Cylinder Pipe

•• Design Manuals:Design Manuals:
•• AWWA Design Manual M9 AWWA Design Manual M9 –– Concrete Pressure PipeConcrete Pressure Pipe



NonNon--Cylinder Concrete PipeCylinder Concrete Pipe

•• ASTM C 76 ASTM C 76 –– Standard Specification for Standard Specification for 
Reinforced Concrete Culvert, Storm Drain , Reinforced Concrete Culvert, Storm Drain , 
and Sewer Pipeand Sewer Pipe

•• ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure Head Pressure 
PipePipe

•• AWWA C 302 AWWA C 302 –– Reinforced Concrete Reinforced Concrete 
Pressure Pipe, NonPressure Pipe, Non--cylinder Typecylinder Type



ASTM C 76 Reinforced Concrete ASTM C 76 Reinforced Concrete 
Culvert, Storm Drain , and Sewer Pipe  Culvert, Storm Drain , and Sewer Pipe  

1.0 Scope1.0 Scope
•• Section 1.1Section 1.1
•• ““The specification covers reinforced The specification covers reinforced 

concrete pipe intended to be used for concrete pipe intended to be used for 
the conveyance of sewage, industrial the conveyance of sewage, industrial 
wastes, and storm water, and for the wastes, and storm water, and for the 
construction of culverts.construction of culverts.””

•• ““Note 1 Note 1 -- This specification is a This specification is a 
manufacturing and purchase specification manufacturing and purchase specification 
onlyonly, and does not include requirements for , and does not include requirements for 
bedding, backfill, or the relationship bedding, backfill, or the relationship 
between field load condition and the between field load condition and the 
strength classification of pipestrength classification of pipe……The owner of The owner of 
the reinforced concrete pipe specified herein the reinforced concrete pipe specified herein 
is cautioned that he must correlate the field is cautioned that he must correlate the field 
requirements with the class of pipe requirements with the class of pipe 
specifiedspecified””……

•• ““Note 2 Note 2 –– Attention is called to the Attention is called to the 
specification for reinforced concrete Dspecification for reinforced concrete D--load load 
culvert, storm drain, and sewer pipe culvert, storm drain, and sewer pipe 
(Specification C655).(Specification C655).””



ASTM C 76 Reinforced Concrete ASTM C 76 Reinforced Concrete 
Culvert, Storm Drain , and Sewer Pipe  Culvert, Storm Drain , and Sewer Pipe  

4. Classification4. Classification
•• Section 4.1:Section 4.1:
•• ““Pipe manufactured in Pipe manufactured in 

accordance with this accordance with this 
specification shall be of specification shall be of 
five classes identified five classes identified 
as Class I, Class II, as Class I, Class II, 
Class III, Class IV, and Class III, Class IV, and 
Class V.Class V.””



ASTM C 76 Reinforced Concrete ASTM C 76 Reinforced Concrete 
Culvert, Storm Drain , and Sewer Pipe  Culvert, Storm Drain , and Sewer Pipe  

5. Basis of Acceptance5. Basis of Acceptance
•• Section 5.1Section 5.1
•• ““Unless otherwise designated by the owner at the time Unless otherwise designated by the owner at the time 

of , or before placing the order, of , or before placing the order, two separate and two separate and 
alternative basis of acceptance are permitted as alternative basis of acceptance are permitted as 
followsfollows::””

•• ““5.1.1 Acceptance on the Basis of Plant Load Bearing 5.1.1 Acceptance on the Basis of Plant Load Bearing 
Tests, Material Tests, and Inspection of Manufactured Tests, Material Tests, and Inspection of Manufactured 
Pipe for Visual Defects and ImperfectionsPipe for Visual Defects and Imperfections…”…”

•• ““Acceptability of the pipeAcceptability of the pipe……shall be determined by the shall be determined by the 
results of the threeresults of the three--edge bearing tests as defined edge bearing tests as defined 
in 11.3.1in 11.3.1;;……by absorption tests on selected samples of by absorption tests on selected samples of 
concrete from the wall of the pipe; and by visual concrete from the wall of the pipe; and by visual 
inspectioninspection…”…”

•• Section 5.1.2Section 5.1.2
•• ““Acceptance on the Basis of Materials Tests and Acceptance on the Basis of Materials Tests and 

Inspection of Manufactured Pipe for Defects and Inspection of Manufactured Pipe for Defects and 
ImperfectionsImperfections…”…”

•• ““Acceptability of the pipeAcceptability of the pipe……shall be determined by shall be determined by 
the results of suchthe results of such material tests as are required in material tests as are required in 
6.1, 6.2, and 6.4; by 6.1, 6.2, and 6.4; by crushing testscrushing tests on concrete cores on concrete cores 
or cured concrete cylinders; by or cured concrete cylinders; by absorption testsabsorption tests on on 
selected samples from the wall of the pipe; and by selected samples from the wall of the pipe; and by 
inspectioninspection of the finished pipe including amount and of the finished pipe including amount and 
placement of reinforcementplacement of reinforcement to determine its to determine its 
conformance with accepted design and its freedom from conformance with accepted design and its freedom from 
defects.defects.””



ASTM C 76 Reinforced Concrete ASTM C 76 Reinforced Concrete 
Culvert, Storm Drain , and Sewer Pipe  Culvert, Storm Drain , and Sewer Pipe  

11. Physical 11. Physical RequirementsRequirements
•• Section 11.3 External Section 11.3 External 

Load Crushing StrengthLoad Crushing Strength
•• 11.3.1 11.3.1 ““The load to The load to 

produce a .01produce a .01--inin. crack or . crack or 
the ultimate load, as the ultimate load, as 
determined by the threedetermined by the three--
edgeedge--bearing method as bearing method as 
described in the Test described in the Test 
Methods C497 shall not Methods C497 shall not 
be less than that be less than that 
prescribed in Tables 1prescribed in Tables 1--5 5 
for each respective class for each respective class 
of pipe.of pipe.””



3750375030003000Class VClass V

3000300020002000Class IVClass IV

2000200013501350Class IIIClass III

1500150010001000Class IIClass II

12001200800800Class IClass I

DD--load to load to 
produce the produce the 
ultimate loadultimate load

DD--load to load to 
Produce a .01Produce a .01””
crackcrack

Class of PipeClass of Pipe

Design Requirements Design Requirements –– Tables 1Tables 1--55



ASTM C 76 ASTM C 76 Reinforced Concrete Reinforced Concrete 
Culvert, Storm Drain , and Sewer Pipe Culvert, Storm Drain , and Sewer Pipe 

6. Materials6. Materials
•• Section 6.5Section 6.5
•• ““Steel reinforcement shall Steel reinforcement shall 

consist of wire consist of wire 
conforming to conforming to 
Specification A 82 or Specification A 82 or 
Specification A496 or of Specification A496 or of 
wire fabric conforming to wire fabric conforming to 
Specification A 185 or Specification A 185 or 
Specification A 497 or of Specification A 497 or of 
bars of Grade 40 steel bars of Grade 40 steel 
conforming to conforming to 
Specification A615/ Specification A615/ 
A615M.A615M.””



ASTM C 76 Reinforced Concrete ASTM C 76 Reinforced Concrete 
Culvert, Storm Drain , and Sewer Pipe  Culvert, Storm Drain , and Sewer Pipe  

9. Joints9. Joints
•• Section 9.1Section 9.1
•• ““The joints shall be of The joints shall be of 

such design and the ends such design and the ends 
of the concrete pipe of the concrete pipe 
sections so formed that sections so formed that 
the pipe can be laid the pipe can be laid 
together to make a together to make a 
continuous line of pipe continuous line of pipe 
compatible with the compatible with the 
permissible variations permissible variations 
given in Section 12.given in Section 12.””



AWWA C302, ASTM C361, ASTM C76;AWWA C302, ASTM C361, ASTM C76;
NonNon--Cylinder Reinforced Concrete Pipe Joint Cylinder Reinforced Concrete Pipe Joint 

TypesTypes



Reinforced Concrete PipeReinforced Concrete Pipe
Double GasketDouble Gasket



ASTM C 76 ASTM C 76 Reinforced Concrete Reinforced Concrete 
Culvert, Storm Drain , and Sewer Pipe Culvert, Storm Drain , and Sewer Pipe 

10. Manufacture10. Manufacture
•• Section 10.2Section 10.2
•• ““Curing Curing –– Pipe shall be subjected to Pipe shall be subjected to 

any one of the methods of curing any one of the methods of curing 
described in 10.2.1 to 10.2.4 or to any described in 10.2.1 to 10.2.4 or to any 
other method or combination of other method or combination of 
methods approved by the owner, that methods approved by the owner, that 
will give satisfactory results.   will give satisfactory results.   The The 
pipe shall be cured for a sufficient pipe shall be cured for a sufficient 
length of time so that the length of time so that the 
specified Dspecified D--load is obtained when load is obtained when 
acceptance is based on 5.1.1acceptance is based on 5.1.1 or so or so 
that the concrete will develop the that the concrete will develop the 
specified compressive strength at 28 specified compressive strength at 28 
days or less when acceptance is based days or less when acceptance is based 
on 5.1.2.on 5.1.2.””

•• 10.2.1 Steam Curing10.2.1 Steam Curing
•• 10.2.2 Water Curing10.2.2 Water Curing
•• 10.2.3 Combined Curing methods10.2.3 Combined Curing methods
•• 10.2.4 A sealing Membrane10.2.4 A sealing Membrane



ASTM C 76 Reinforced Concrete ASTM C 76 Reinforced Concrete 
Culvert, Storm Drain , and Sewer Pipe  Culvert, Storm Drain , and Sewer Pipe  

SummarySummary
•• Pipe Type Pipe Type –– RigidRigid
•• Application Application –– Gravity; Non Gravity; Non 

PressurePressure
•• RCP Design RCP Design –– Not Included; Not Included; 

Owner to specify pipe class.Owner to specify pipe class.
•• Classification Classification –– Standardized Standardized 

Classes; Type I to Type VClasses; Type I to Type V
•• Acceptance Test Acceptance Test –– DD--Load; Load; 

Compressive Strength Tests; Compressive Strength Tests; 
Absorption Test.Absorption Test.

•• Steel reinforcement may consist of Steel reinforcement may consist of 
wire, wire fabric, or bars of Grade wire, wire fabric, or bars of Grade 
40 steel.40 steel.

•• Joints are not required to have Joints are not required to have 
gaskets for sealing purposes.gaskets for sealing purposes.



Non Cylinder Concrete Pressure Non Cylinder Concrete Pressure 
PipePipe

•• ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

•• AWWA C 302 AWWA C 302 –– Reinforced Concrete Pressure Reinforced Concrete Pressure 
Pipe, NonPipe, Non--cylinder Typecylinder Type



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

1. Scope1. Scope
•• Section 1.1Section 1.1
•• This specification covers reinforced concrete pipe This specification covers reinforced concrete pipe 

intended to be used for the construction of pressure intended to be used for the construction of pressure 
pipelines with low internal hydrostatic heads generally pipelines with low internal hydrostatic heads generally 
not exceeding 125 ftnot exceeding 125 ft..



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

4. Classification4. Classification
•• Section 4.1Section 4.1
•• ““Pipe manufactured according to this specification Pipe manufactured according to this specification shall shall 

be for hydrostatic heads of 25, 50, 75, 100, 125 ftbe for hydrostatic heads of 25, 50, 75, 100, 125 ft
measured to the centerline of the pipe.  measured to the centerline of the pipe.  Designs are Designs are 
provided in Table 1 for the above hydrostatic heads provided in Table 1 for the above hydrostatic heads 
combined with external loadings of 5, 10, 15, 20 ft combined with external loadings of 5, 10, 15, 20 ft 
(designated A, B, C, and D in Table 1(designated A, B, C, and D in Table 1)  of earth cover )  of earth cover 
over the top of the pipe under specific installation over the top of the pipe under specific installation 
conditions.conditions.”…”…

•• ““Where the hydrostatic head, external loadings, and Where the hydrostatic head, external loadings, and 
installation conditions vary from those given in Table 1 installation conditions vary from those given in Table 1 
and Appendix XI, detailed design calculations should be and Appendix XI, detailed design calculations should be 
made.made.””



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

5. Basis of Acceptance5. Basis of Acceptance
•• Section 5.1Section 5.1
•• ““Acceptability of the pipe in all Acceptability of the pipe in all 

diameters and classes shall be diameters and classes shall be 
determined by the results of determined by the results of 
such material tests as are such material tests as are 
required in 6.2 through 6.9 required in 6.2 through 6.9 by by 
crushing tests on cured crushing tests on cured 
concrete cylinders, by concrete cylinders, by 
hydrostatic pressure tests on  hydrostatic pressure tests on  
units of the pipe, by joint units of the pipe, by joint 
leakage tests, and by leakage tests, and by 
inspectioninspection during or after during or after 
manufacture to determine manufacture to determine 
whether the pipe conforms to whether the pipe conforms to 
this specification as to design this specification as to design 
and freedom from defects.and freedom from defects.



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

6. Materials6. Materials
•• Section 6.5Section 6.5
•• ““Steel Reinforcement Steel Reinforcement ––

ReinforcementReinforcement may consist of wire may consist of wire 
conforming to Specification A82, conforming to Specification A82, 
Specification A496, or of wire Specification A496, or of wire 
fabric conforming to Specification fabric conforming to Specification 
A 185 or Specification A 497, or of A 185 or Specification A 497, or of 
bars of Grade 40 steel conforming bars of Grade 40 steel conforming 
to Specification A615/A615M.to Specification A615/A615M.””

•• Section 6.8Section 6.8
•• Steel plates for specials and Steel plates for specials and 

fittings shall conform to fittings shall conform to 
Specification A 36/A 36 MSpecification A 36/A 36 M or or 
to Grade B or C of Specification A to Grade B or C of Specification A 
283/A 283M or Grade 30 or 33 of 283/A 283M or Grade 30 or 33 of 
Specification A 570/A 570M or Specification A 570/A 570M or 
Grade B of Specification A 611Grade B of Specification A 611..



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

7. Design7. Design
•• Section 7.1Section 7.1
•• ““Design Tables Design Tables –– The diameter, wall The diameter, wall 

thickness, compressive strength of the thickness, compressive strength of the 
concrete, and the area of concrete, and the area of 
circumferential reinforcementcircumferential reinforcement shall be shall be 
as prescribed for the classes of as prescribed for the classes of 
combined hydrostatic head and combined hydrostatic head and 
external loading given in Table 1external loading given in Table 1
subject to the provisions of 7.2, 7.4, 7.5, subject to the provisions of 7.2, 7.4, 7.5, 
10.3, 11.1, 11.2, and 11.5.10.3, 11.1, 11.2, and 11.5.””

•• Section 7.4Section 7.4
•• ““Placement of Reinforcement Placement of Reinforcement –– The The 

circumferential reinforcement shall be a circumferential reinforcement shall be a 
singlesingle--cage circular, doublecage circular, double--cage circular, or cage circular, or 
elliptical cage as shown in Table 1.   elliptical cage as shown in Table 1.   
Elliptical reinforcement will be permitted for Elliptical reinforcement will be permitted for 
25 and 5025 and 50--ft head classes onlyft head classes only and only in and only in 
pipe 18 to 72 in. in diameter, inclusive.pipe 18 to 72 in. in diameter, inclusive.””



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

8. Joints8. Joints
•• Section 8.1Section 8.1
•• ““Joints may utilize steel joint rings, steel bells and concrete sJoints may utilize steel joint rings, steel bells and concrete spigots, pigots, 

or be formed entirely of concrete.   or be formed entirely of concrete.   Joint assemblies shallJoint assemblies shall……form a form a 
continuous watertight conduitcontinuous watertight conduit with a smooth and uniform interior with a smooth and uniform interior 
surface and shall provide for slight movements of any pipe unit surface and shall provide for slight movements of any pipe unit in in 
the pipeline due to expansion, contraction, settlement, or laterthe pipeline due to expansion, contraction, settlement, or lateral al 
displacement.   displacement.   The rubber gasket shall be the sole element of the The rubber gasket shall be the sole element of the 
joint depended upon to provide water tightnessjoint depended upon to provide water tightness..””



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

9. Materials and Manufacture9. Materials and Manufacture
•• Section 9.2Section 9.2
•• ““Curing of Pipe Curing of Pipe –– The method and extent of curing shall The method and extent of curing shall 

be established by testing not less than five cylinders be established by testing not less than five cylinders 
cured in the same manner as the pipe until they have cured in the same manner as the pipe until they have 
attained an average strength of 3600 attained an average strength of 3600 psipsi……Curing may be Curing may be 
by any other or combination of methods described belowby any other or combination of methods described below
or by any other method approved by the owner.or by any other method approved by the owner.””

•• 9.2.1 Steam Curing9.2.1 Steam Curing
•• 9.2.2 Water Curing9.2.2 Water Curing
•• 9.2.3 Membrane Curing9.2.3 Membrane Curing



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

10. Physical Properties10. Physical Properties
•• Section 10.3 Concrete Strength:Section 10.3 Concrete Strength:
•• ““10.3.1 Compressive Strength 10.3.1 Compressive Strength –– Compression tests for satisfying the design concrete Compression tests for satisfying the design concrete 

strength shall be made on cured concrete cylindersstrength shall be made on cured concrete cylinders..””
•• ““10.3.3 Compression Test Requirements 10.3.3 Compression Test Requirements –– The average 28 day compressive strength The average 28 day compressive strength 

of all cylinders shall be equal to or greater than the design stof all cylinders shall be equal to or greater than the design strength of the concrete.rength of the concrete.””
•• Section 10.4 Hydrostatic TestsSection 10.4 Hydrostatic Tests
•• ““10.4.1 Hydrostatic Test Requirements 10.4.1 Hydrostatic Test Requirements –– Hydrostatic tests on pipe shall be made in Hydrostatic tests on pipe shall be made in 

accordance with the provisions of Test Methods C 497accordance with the provisions of Test Methods C 497……Acceptance hydrostatic Acceptance hydrostatic 
tests shall be made to 120% of the specified internal working prtests shall be made to 120% of the specified internal working pressure for essure for 
which the pipe is designedwhich the pipe is designed.   The pipe shall withstand the percentage of working .   The pipe shall withstand the percentage of working 
pressure prescribed above for at least 20 min without cracking apressure prescribed above for at least 20 min without cracking and with no leakage nd with no leakage 
appearing on the exterior surface.appearing on the exterior surface.””

•• ““10.4.2 Hydrostatic Testing of Rubber Gasket Joints 10.4.2 Hydrostatic Testing of Rubber Gasket Joints –– Hydrostatic pressure tests on Hydrostatic pressure tests on 
joints shall be made on joints assembled of two sections of pipejoints shall be made on joints assembled of two sections of pipe, properly connected , properly connected 
in accordance with the joint designin accordance with the joint design……The water tightness of the joints shall be tested The water tightness of the joints shall be tested 
under hydrostatic heads of 120% of the pressure for which the piunder hydrostatic heads of 120% of the pressure for which the pipe is designed.pe is designed.



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 
Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

X2. Design Criteria For Table 1X2. Design Criteria For Table 1
•• ““X2.1 The designs for reinforced concrete lowX2.1 The designs for reinforced concrete low--head pressure pipe presented in Table head pressure pipe presented in Table 

1 are based on specific loadings, bedding, and design requiremen1 are based on specific loadings, bedding, and design requirements summarized in ts summarized in 
this appendixthis appendix as information for the designer in considering the suitability as information for the designer in considering the suitability of the of the 
designs.designs.””

•• ““X2.2 Loads X2.2 Loads –– This pipe is designed for dead load of the pipe itself, the eartThis pipe is designed for dead load of the pipe itself, the earth load, h load, 
the water load, and the internal pressure due to hydrostatic heathe water load, and the internal pressure due to hydrostatic head calculated from the d calculated from the 
inside top of the pipe to the design gradientinside top of the pipe to the design gradient.   The hydrostatic head defined in Table .   The hydrostatic head defined in Table 
1 is measured to the horizontal centerline of the pipe.1 is measured to the horizontal centerline of the pipe.””

•• ““X2.2.1 X2.2.1 The earth load is based on a oneThe earth load is based on a one--foot length of the prism of earth directly foot length of the prism of earth directly 
over the outside diameter of the pipeover the outside diameter of the pipe…”…”

•• ““X2.2.2 The X2.2.2 The prescribed amounts of reinforcement prescribed amounts of reinforcement do not provide any allowance do not provide any allowance 
for pressure surges (water Hammer) in pipelinesfor pressure surges (water Hammer) in pipelines…”…”

•• ““X2.3 Bedding The bedding described in Appendix XI is assumed to X2.3 Bedding The bedding described in Appendix XI is assumed to result in result in bearing bearing 
over 90 degree central angleover 90 degree central angle…”…”

•• ““X2.4 Design Requirements X2.4 Design Requirements –– Reinforced concrete design for combined internal and Reinforced concrete design for combined internal and 
external loadsexternal loads is based on ACI Code 318, with a concrete compressive strength is based on ACI Code 318, with a concrete compressive strength of of 
4500 4500 psipsi, reinforcing steel with a yield point strength of 40,000 , reinforcing steel with a yield point strength of 40,000 psipsi, a load factor of , a load factor of 
1.8, and a capacity reduction factor of 1.0.1.8, and a capacity reduction factor of 1.0.

•• ““X2.4.1 X2.4.1 The minimum steel area is calculated for hydrostatic head onlyThe minimum steel area is calculated for hydrostatic head only…”…”



Olander Moment and Thrust Olander Moment and Thrust 
Coefficients for 90Coefficients for 90oo Bedding AngleBedding Angle



ASTM C 361 ASTM C 361 –– Standard Specification for Standard Specification for 

Reinforced Concrete LowReinforced Concrete Low--Head Pressure PipeHead Pressure Pipe

SummarySummary
•• Pipe Type Pipe Type –– RigidRigid
•• Application Application –– Pressure to 125 ft head.Pressure to 125 ft head.
•• RCP Design RCP Design –– Per Appendix X2; Per Appendix X2; 

combined external loads and internal combined external loads and internal 
pressure.  Surge pressure not included.pressure.  Surge pressure not included.

•• Classification Classification –– Standardized Classes; Standardized Classes; 
Hydrostatic Pressure 25 to 125 ft; Cover Hydrostatic Pressure 25 to 125 ft; Cover 
55’’ –– 2020’’ (A to D).(A to D).

•• Acceptance Test Acceptance Test –– Crushing tests and Crushing tests and 
Hydrostatic Tests Hydrostatic Tests –– 120% of design 120% of design 
pressure.pressure.

•• Steel reinforcement may consist of wire, Steel reinforcement may consist of wire, 
wire fabric, or bars of Grade 40 steel.wire fabric, or bars of Grade 40 steel.

•• No fitting design criteriaNo fitting design criteria
•• Joints to be pressure tested 120% of Joints to be pressure tested 120% of 

design pressure.design pressure.



AWWA C302 AWWA C302 –– Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
NonNon--cylinder Typecylinder Type
I. IntroductionI. Introduction

•• Section I IntroductionSection I Introduction
•• I.A. BackgroundI.A. Background
•• ““ This type of pipe is made with one or more cages of  steel This type of pipe is made with one or more cages of  steel 

reinforcing bars or wire encased in concrete.   The concrete is reinforcing bars or wire encased in concrete.   The concrete is 
usually placed by vertical or centrifugal casting methods. Rubbeusually placed by vertical or centrifugal casting methods. Rubber r 
gasketedgasketed joints may have either steel or concrete bell and spigot joints may have either steel or concrete bell and spigot 
surfacessurfaces…”…”

•• ““Reinforced concrete pressure pipe, nonReinforced concrete pressure pipe, non--cylinder type, cylinder type, is designed is designed 
for the specific combination of internal pressure and external lfor the specific combination of internal pressure and external load oad 
required for a project, in accordance with the procedures outlinrequired for a project, in accordance with the procedures outlined in ed in 
AWWA Manual M9, Concrete Pressure PipeAWWA Manual M9, Concrete Pressure Pipe.   This pipe is normally .   This pipe is normally 
limited in limited in working pressure to a maximum of 55 working pressure to a maximum of 55 psipsi and is and is 
used for low pressure transmission lines in irrigation, industriused for low pressure transmission lines in irrigation, industrial, and al, and 
domestic water supply systems, and other applications.domestic water supply systems, and other applications.



AWWA C302 AWWA C302 –– Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
NonNon--cylinder Typecylinder Type
Sec. 1 GeneralSec. 1 General

•• Sec. 1.1 ScopeSec. 1.1 Scope
•• ““This standard describes the This standard describes the 

manufacture of circumferentially manufacture of circumferentially 
reinforced concrete pressure pipe, reinforced concrete pressure pipe, 
without a steel cylinder and not without a steel cylinder and not 
prestressedprestressed, in sizes from 12 to 144 in. , in sizes from 12 to 144 in. 
inclusive and inclusive and for working pressures for working pressures 
not exceeding 55 not exceeding 55 psipsi and working and working 
surge pressures not exceeding a surge pressures not exceeding a 
total pressure of 65 total pressure of 65 psipsi.   This type of .   This type of 
pipe is designed for internal pressure, pipe is designed for internal pressure, 
external loads, and bedding conditions external loads, and bedding conditions 
designated by the purchaser.designated by the purchaser.



AWWA C302 AWWA C302 –– Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
NonNon--cylinder Typecylinder Type

Sec. 4 RequirementsSec. 4 Requirements
•• Sec. 4 Requirements Sec. 4 Requirements 
•• 4.2.1 Design Data.   4.2.1 Design Data.   
•• ““The purchaser  shall specify or show on the drawings the workingThe purchaser  shall specify or show on the drawings the working

pressure, field test pressure, and transient conditions applicabpressure, field test pressure, and transient conditions applicable to le to 
each portion of the pipeline.   The external loading conditions each portion of the pipeline.   The external loading conditions and and 
the method or methods of bedding and backfilling shall be specifthe method or methods of bedding and backfilling shall be specified ied 
by the purchaser.by the purchaser.””

•• 4.2.3 Design responsibility.   4.2.3 Design responsibility.   
•• ““The purchaser is responsible for the overall concept and design The purchaser is responsible for the overall concept and design of of 

the pipeline projectthe pipeline project, including supporting structures.   The , including supporting structures.   The 
manufacturer is responsible for providing pipe in accordance witmanufacturer is responsible for providing pipe in accordance with h 
the purchaserthe purchaser’’s criteria defined in Sec. 4.2.1.s criteria defined in Sec. 4.2.1.””



AWWA C302 AWWA C302 –– Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
NonNon--cylinder Typecylinder Type

Sec. 4 RequirementsSec. 4 Requirements•• Sec. 4.4 MaterialsSec. 4.4 Materials
•• 4.4.6 Steel for fittings.4.4.6 Steel for fittings.
•• ““4.4.6.1 General.   4.4.6.1 General.   The steel used in the The steel used in the 

manufacture of cylinders for fittings shall have a manufacture of cylinders for fittings shall have a 
minimum yield strength equal to or greater than minimum yield strength equal to or greater than 
twice the steel stress used at working pressure but twice the steel stress used at working pressure but 
not less than 30,000 not less than 30,000 psipsi..””

•• 4.4.7 Steel Reinforcement.4.4.7 Steel Reinforcement.
•• ““4.4.7.1 Bars.  Steel4.4.7.1 Bars.  Steel--bar reinforcement shall bar reinforcement shall 

conform to ATSM A615/A615Mconform to ATSM A615/A615M…”…”
•• ““4.4.7.2 Wire.  Steel wire for reinforcement of 4.4.7.2 Wire.  Steel wire for reinforcement of 

concrete pipe or for mortar coating and lining of concrete pipe or for mortar coating and lining of 
fittings shall conform to ASTM A185 or ASTM A497.fittings shall conform to ASTM A185 or ASTM A497.””

•• ““4.4.7.3 Welded wire reinforcement.   Welded wire 4.4.7.3 Welded wire reinforcement.   Welded wire 
reinforcement for concrete pipe or for mortar reinforcement for concrete pipe or for mortar 
coating and lining of fittings shall conform to ASTM coating and lining of fittings shall conform to ASTM 
A815 or ASTM A497.A815 or ASTM A497.””

•• 4.6.4.1 Circumferential Reinforcement.  The 4.6.4.1 Circumferential Reinforcement.  The 
circumferential reinforcement shall be steel bar or circumferential reinforcement shall be steel bar or 
wire in helical or hoop form, wire in helical or hoop form, or welded wire or welded wire 
reinforcement shaped and lapreinforcement shaped and lap--welded or welded or 
buttbutt--welded into cages.   welded into cages.   The quality of the The quality of the 
weldswelds……shall be assured by testing shall be assured by testing ……to a test stress to a test stress 
of 40,000 of 40,000 psipsi..””



AWWA C302 AWWA C302 –– Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 

NonNon--cylindercylinder TypeType

Sec. 4 RequirementsSec. 4 Requirements
•• Sec. 4.5 Pipe DetailsSec. 4.5 Pipe Details
•• ““4.5.2 Design of Pipe.   The reinforcement 4.5.2 Design of Pipe.   The reinforcement 

of the pipe shall consist of one or more of the pipe shall consist of one or more 
cages of welded steel hoops, helically cages of welded steel hoops, helically 
wound steel bar or wire, or welded wire wound steel bar or wire, or welded wire 
fabric properly spaced and supported with fabric properly spaced and supported with 
longitudinal reinforcinglongitudinal reinforcing…”…”

•• 4.5.3 Joints4.5.3 Joints
•• ““4.5.3.1 General.  The constructor shall 4.5.3.1 General.  The constructor shall 

submit details of the joints to be provided.   submit details of the joints to be provided.   
The joints shall be of the round The joints shall be of the round 
rubberrubber--gasket type, using either a gasket type, using either a 
steel or concrete bellsteel or concrete bell--andand--spigot joint spigot joint 
design or a concrete and steel double design or a concrete and steel double 
spigotspigot--and and ––sleeve joint designsleeve joint design, unless , unless 
the purchaser specifies a particular typethe purchaser specifies a particular type…”…”

•• ““4.5.3.2 Joint Design.   4.5.3.2 Joint Design.   The joint shall be The joint shall be 
watertight when tested at a watertight when tested at a hydrostatic hydrostatic 
pressure equal to 120 percent of the pressure equal to 120 percent of the 
working pressure when in a fully working pressure when in a fully 
deflected positiondeflected position…”…”



AWWA C302 AWWA C302 –– Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
NonNon--cylinder Typecylinder Type

Sec. 4 RequirementsSec. 4 Requirements
•• Sec. 4.6 FabricationSec. 4.6 Fabrication
•• 4.6.6 Curing of pipe.4.6.6 Curing of pipe.
•• “…“…Unless otherwise specifically permitted, the pipe shall be curedUnless otherwise specifically permitted, the pipe shall be cured by the accelerated curing by the accelerated curing 

method described in Sec. 4.6.6.2, by the water curing method desmethod described in Sec. 4.6.6.2, by the water curing method described in Sec. 4.6.6.3, or the cribed in Sec. 4.6.6.3, or the 
combination curing method described in Sec. 4.6.6.4.combination curing method described in Sec. 4.6.6.4. Water curing, however, may only be Water curing, however, may only be 
used if the minimum ambient temperature exceeds 40 degrees F.used if the minimum ambient temperature exceeds 40 degrees F.

•• 4.6.6.2 4.6.6.2 Accelerated curingAccelerated curing.  .  “…“…The pipe shall be placed in a curing facility or otherwise The pipe shall be placed in a curing facility or otherwise 
covered by a suitable enclosure that will allow proper circulaticovered by a suitable enclosure that will allow proper circulation of air or on of air or steamsteam……The forms The forms 
shall not be removed until the concrete has attained a strength shall not be removed until the concrete has attained a strength sufficient to resist damage sufficient to resist damage 
during the formduring the form--removal operation, but removal operation, but in no case shall the forms be removed until 6 hr in no case shall the forms be removed until 6 hr 
after the completion of concrete placementafter the completion of concrete placement..””

•• 4.6.6.3 4.6.6.3 Water CuringWater Curing..
•• ““Water curing shall begin as soon as the concrete has set sufficiWater curing shall begin as soon as the concrete has set sufficiently to prevent damage to the ently to prevent damage to the 

exposed concrete surfaces.   All exposed concrete surfaces shallexposed concrete surfaces.   All exposed concrete surfaces shall then be kept moist by then be kept moist by 
intermittent or continuous water spraying throughout the waterintermittent or continuous water spraying throughout the water--curing period.   Forms shall not curing period.   Forms shall not 
be removed until the concrete has attained a strength sufficientbe removed until the concrete has attained a strength sufficient to resist damage during the to resist damage during the 
form removal operation, form removal operation, but in no case shall the forms be removed until 12 hr after the but in no case shall the forms be removed until 12 hr after the 
completion of concrete placementcompletion of concrete placement..””

•• 4.6.6.4 Combination Curing4.6.6.4 Combination Curing
•• ““Curing of pipe may consist of any combination of accelerated curCuring of pipe may consist of any combination of accelerated curing and water curing ing and water curing 

……except that only a single method of curing shall be used before except that only a single method of curing shall be used before removing the removing the 
forms.forms.””



AWWA C302 AWWA C302 –– Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
NonNon--cylinder Typecylinder Type

Sec. 4 RequirementsSec. 4 Requirements
•• 4.7.2 Fittings.4.7.2 Fittings.
•• ““4.7.2.1 4.7.2.1 Design of Fittings.  The circumferential Design of Fittings.  The circumferential 

steel stress used in the design of fittings shall steel stress used in the design of fittings shall 
not exceed 16,500 not exceed 16,500 psipsi when the fittings is when the fittings is 
subjected to the working pressure as defined in subjected to the working pressure as defined in 
Sec. 3, item 14Sec. 3, item 14…… The minimum steel or plate The minimum steel or plate 
thickness shall be as shown in Table 6 when thickness shall be as shown in Table 6 when 
supplemental structural steel reinforcement is supplemental structural steel reinforcement is 
not usednot used””

•• 4.7.2.2 Steel fabrication.  4.7.2.2 Steel fabrication.  “…“…The welds shall be The welds shall be 
inspected , and completed steel be tested for inspected , and completed steel be tested for 
tightness by dyetightness by dye––penetrantpenetrant or other approved or other approved 
methodmethod..

•• 4.7.2.3 4.7.2.3 ““Mortar reinforcement.   Fittings shall Mortar reinforcement.   Fittings shall 
have welded wire reinforcement applied to the have welded wire reinforcement applied to the 
interior and exterior surfacesinterior and exterior surfaces……the reinforcement the reinforcement 
shall be held approximately 3/8 in. from the shall be held approximately 3/8 in. from the 
surface of the steel platesurface of the steel plate…”…”

•• 4.7.2.4 Lining and coating.   4.7.2.4 Lining and coating.   “…“…Mortar lining Mortar lining 
shall be of a thickness compatible with the pipe shall be of a thickness compatible with the pipe 
interiorinterior……The exterior coating shall be at least 1 The exterior coating shall be at least 1 
in. thick.in. thick.””

•• 4.7.3 Curves, bends, and closures.   4.7.3 Curves, bends, and closures.   ““ShortShort--radius radius 
curves and closures shall be formed by fittings.   curves and closures shall be formed by fittings.   
The deflection angle between adjacent segments The deflection angle between adjacent segments 
of a bend shall not be greater than 22.5 degrees.   of a bend shall not be greater than 22.5 degrees.   
Adjacent segments shall be joined by lap or butt Adjacent segments shall be joined by lap or butt 
welding.welding.””



AWWA M9 Chapter 7 Design Procedure for Rigid AWWA M9 Chapter 7 Design Procedure for Rigid 
Pipe (AWWA C300 and C302Pipe (AWWA C300 and C302--Type Pipe)Type Pipe)

•• Step 1:Step 1:
•• ““Calculate the total circumferential steel area required to resisCalculate the total circumferential steel area required to resist internal pressure only using the t internal pressure only using the 

hoop tension equation for working pressure and working pressure hoop tension equation for working pressure and working pressure plus surge pressureplus surge pressure..””
•• Step 2:Step 2:
•• ““For selected wall thickness of AWWA C302For selected wall thickness of AWWA C302--type pipe, use the hoop tension equation to type pipe, use the hoop tension equation to 

calculate the circumferential tensile stress in the concrete of calculate the circumferential tensile stress in the concrete of the pipe wall resulting from the pipe wall resulting from 
working pressure plus surge pressure.working pressure plus surge pressure. The concrete strength or the wall thickness must be The concrete strength or the wall thickness must be 
increased if the tensile stress exceeds the allowable.increased if the tensile stress exceeds the allowable.””

•• Steps 3Steps 3--6:6:
•• Calculate the pipe weight, water weight, earth load, live load, Calculate the pipe weight, water weight, earth load, live load, moments and thrust for each moments and thrust for each 

load on the pipe, including internal pressure.load on the pipe, including internal pressure.
•• Step 7:Step 7:
•• ““Calculate the required circumferential steel area for the invertCalculate the required circumferential steel area for the invert and the side for each of the and the side for each of the 

three combinations of load shown below.  Combined load design methree combinations of load shown below.  Combined load design means the pipe is designed to ans the pipe is designed to 
resist the flexural and axial stresses from each of the followinresist the flexural and axial stresses from each of the following conditions:g conditions:

•• Condition 1: a combination of working pressure, dead loads (eartCondition 1: a combination of working pressure, dead loads (earth, pipe and water), and live h, pipe and water), and live 
loads.loads.

•• Condition 2: a combination of dead loads and live loads with zerCondition 2: a combination of dead loads and live loads with zero internal pressure.o internal pressure.
•• Condition 3; a combination of working pressure, surge pressure, Condition 3; a combination of working pressure, surge pressure, and dead loads.and dead loads.
•• Step 8:Step 8:
•• Select the controlling maximum steel area for the invert and sidSelect the controlling maximum steel area for the invert and side. Check to see that the total e. Check to see that the total 

steel area will be sufficient for the hydrostatic design.steel area will be sufficient for the hydrostatic design.



AWWA C302 AWWA C302 –– Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
NonNon--cylinder Typecylinder Type

Sec. 5 VerificationSec. 5 Verification

•• Sec 5.3 Testing of PipeSec 5.3 Testing of Pipe
•• ““5.3.1 General. 5.3.1 General. Internal pressure tests of pipe at the manufacturerInternal pressure tests of pipe at the manufacturer’’s yard s yard 

will not be required unless specifically ordered by the purchasewill not be required unless specifically ordered by the purchaserr, as , as 
provided for in the purchaserprovided for in the purchaser’’s specification.   s specification.   The number of tests, type of tests, The number of tests, type of tests, 
and specific conditions of acceptance or rejection shall be as sand specific conditions of acceptance or rejection shall be as specified by the pecified by the 
purchaser.purchaser. Paragraph 5.3.2 lists suggested procedures for hydrostatic prParagraph 5.3.2 lists suggested procedures for hydrostatic pressure essure 
tests on fully cured and surface dry pipe.tests on fully cured and surface dry pipe.””

•• ““5.3.2 Hydrostatic pressure tests. 5.3.2 Hydrostatic pressure tests. Hydrostatic pressure tests on pipe and joints may Hydrostatic pressure tests on pipe and joints may 
be made be made togethertogether……The pressure shall be gradually increased until 120 The pressure shall be gradually increased until 120 
percent of the working pressurepercent of the working pressure for which the pipe is designed has been for which the pipe is designed has been 
reached. reached. The pipe shall be kept under the test pressure for at least 20 mThe pipe shall be kept under the test pressure for at least 20 min without in without 
cracking, and no measurable leakage shall develop during the tescracking, and no measurable leakage shall develop during the test periodt period..””



AWWA C 302 AWWA C 302 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 

NonNon--cylinder Typecylinder Type

SummarySummary
•• Pipe Type Pipe Type –– RigidRigid
•• Application Application –– Working pressures not exceeding Working pressures not exceeding 

55 55 psipsi and working surge pressures not and working surge pressures not 
exceeding a total pressure of 65 exceeding a total pressure of 65 psipsi..

•• RCP Design RCP Design –– Per AWWA Pipe Manual M9. Per AWWA Pipe Manual M9. 
Combined external loads and internal pressure.  Combined external loads and internal pressure.  
Surge pressure included in design.Surge pressure included in design.

•• Classification Classification –– Working Pressure, PSI. Engineer Working Pressure, PSI. Engineer 
to specify to specify WpWp and Ws.and Ws.

•• Acceptance Test Acceptance Test –– Crushing tests and Crushing tests and 
Hydrostatic Tests Hydrostatic Tests –– 120% of design pressure.120% of design pressure.

•• Steel reinforcement may consist of wire, wire Steel reinforcement may consist of wire, wire 
fabric, or bars of Grade 40 steel. Wire fabric, or bars of Grade 40 steel. Wire 
Reinforcement has to be welded.Reinforcement has to be welded.

•• Includes fitting design criteria.Includes fitting design criteria.
•• Joints to be pressure tested 120% of design Joints to be pressure tested 120% of design 

pressure.pressure.
•• Curing of Concrete: Forms not to be removed for Curing of Concrete: Forms not to be removed for 

6 hr on accelerated curing or 12 hr on water 6 hr on accelerated curing or 12 hr on water 
curing.curing.



Concrete Cylinder Pipe Concrete Cylinder Pipe 
StandardsStandards

•• AWWA C 300 AWWA C 300 –– Reinforced Concrete Reinforced Concrete 
Pressure Pipe, Steel Cylinder TypePressure Pipe, Steel Cylinder Type

•• AWWA C 304/301 AWWA C 304/301 –– Design of PreDesign of Pre--stressed stressed 
Concrete Cylinder PipeConcrete Cylinder Pipe

•• AWWA C 303 AWWA C 303 –– Concrete Pressure Pipe, Concrete Pressure Pipe, 
BarBar--Wrapped, Steel Cylinder TypeWrapped, Steel Cylinder Type



AWWA C 300 AWWA C 300 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 

Steel Cylinder TypeSteel Cylinder Type

1. Introduction1. Introduction
•• 1.A Background1.A Background
•• ““Reinforced concrete pressure pipe of the cylinder type, first maReinforced concrete pressure pipe of the cylinder type, first manufactured nufactured 

in 1919, in 1919, consists of a welded cylinder with a steel joint ring welded at consists of a welded cylinder with a steel joint ring welded at each each 
end; a cage of cages of steel reinforcing bars or wire; an encasend; a cage of cages of steel reinforcing bars or wire; an encasing wall of ing wall of 
concrete; and a preformed gasket of rubber to provide the joint concrete; and a preformed gasket of rubber to provide the joint seal seal 
between adjacent pipesbetween adjacent pipes.   The pipe is manufactured in sizes ranging from .   The pipe is manufactured in sizes ranging from 
30 in. to more than 144 in. in diameter and is generally made in30 in. to more than 144 in. in diameter and is generally made in 1616--ft ft 
through 24through 24--ft laying lengths.ft laying lengths.””

•• ““Reinforced concrete pressure pipe, steelReinforced concrete pressure pipe, steel--cylinder type, is designed for cylinder type, is designed for 
specific combination of internal pressure and external load requspecific combination of internal pressure and external load required for the ired for the 
project in accordance outlined in AWWA Manual M9, Concrete Pressproject in accordance outlined in AWWA Manual M9, Concrete Pressure ure 
Pipe. Pipe. This pipe is normally limited to a maximum of 260 This pipe is normally limited to a maximum of 260 psipsi..””

•• ““This pipe is used for transmission lines in irrigation, industriThis pipe is used for transmission lines in irrigation, industrial, and al, and 
domestic water supply systems, as well as for distribution feededomestic water supply systems, as well as for distribution feeder mains and r mains and 
other uses.other uses.””



AWWA C 300 AWWA C 300 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
Steel Cylinder Type Steel Cylinder Type 
1. Introduction1. Introduction

•• III Use of This StandardIII Use of This Standard
•• ““III.A. Purchaser Options and Alternatives. III.A. Purchaser Options and Alternatives. ……Reference Reference 

to AWWA Manual M9, Concrete Pressure Pipe, should be to AWWA Manual M9, Concrete Pressure Pipe, should be 
considered a supplement to the use of this standardconsidered a supplement to the use of this standard, and , and 
information in the manual should not be regarded as information in the manual should not be regarded as 
superseding any portion of this standard.superseding any portion of this standard.”…”…

•• ““The following items should be covered in the The following items should be covered in the 
purchaserpurchaser’’s specifications:s specifications:…”…”

•• ““3. 3. Working pressure, surge pressure, Field test Working pressure, surge pressure, Field test 
pressure, external loading conditions, and method of pressure, external loading conditions, and method of 
bedding and backfillingbedding and backfilling (Sec. 4.2.2).(Sec. 4.2.2).””



AWWA C 300 AWWA C 300 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 

Steel Cylinder TypeSteel Cylinder Type

1. General1. General
•• Sec. 1.1 ScopeSec. 1.1 Scope
•• ““ This standard describes the This standard describes the 

manufacture of reinforced manufacture of reinforced 
concrete cylinder pipe that is not concrete cylinder pipe that is not 
prestressedprestressed or or pretentionedpretentioned, in , in 
sizes 30 in. to 144 in. sizes 30 in. to 144 in. 
inclusiveinclusive……This pipe is designed for This pipe is designed for 
the internal pressure, external the internal pressure, external 
loads, and bedding conditions loads, and bedding conditions 
designated by the purchaserdesignated by the purchaser. This . This 
standard does not include standard does not include 
requirements for design, handling, requirements for design, handling, 
delivery, laying, field testing, or delivery, laying, field testing, or 
disinfection of pipe.   disinfection of pipe.   Refer to Refer to 
AWWA Manual M9, Concrete AWWA Manual M9, Concrete 
Pressure Pipe, for information on Pressure Pipe, for information on 
these topicsthese topics..””



AWWA C 300 AWWA C 300 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 

Steel Cylinder TypeSteel Cylinder Type

1. General1. General
•• ““1.1.1 Essential Requirements.  The pipe shall have the following1.1.1 Essential Requirements.  The pipe shall have the following

principal features:principal features: a welded steel cylinder with steel joint rings a welded steel cylinder with steel joint rings 
welded to its ends; a wall of concrete encasing the steel cylindwelded to its ends; a wall of concrete encasing the steel cylinder er 
and reinforcing cage or cages inside and outside the steel cylinand reinforcing cage or cages inside and outside the steel cylinder; der; 
and a joint with a preformed gasket of rubber,and a joint with a preformed gasket of rubber, designed so that the designed so that the 
joint will be watertight under all conditions of service.joint will be watertight under all conditions of service.””



AWWA C 300 AWWA C 300 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 

Steel Cylinder TypeSteel Cylinder Type

4.4 Materials4.4 Materials

•• Sec 4.4.7 Steel for Cylinders and Fittings.Sec 4.4.7 Steel for Cylinders and Fittings.
•• ““4.4.7.1 General. 4.4.7.1 General. The steel used in the manufacture of cylinders for pipe shall haThe steel used in the manufacture of cylinders for pipe shall have a minimum ve a minimum 

yield strength of 36,000 yield strength of 36,000 psipsi.   The steel used in the manufacture of fittings shall have a .   The steel used in the manufacture of fittings shall have a 
minimum yield strength equal to or greater than twice the circumminimum yield strength equal to or greater than twice the circumferential steel stress at ferential steel stress at 
working pressure used in fitting design, or 30,000 working pressure used in fitting design, or 30,000 psipsi, whichever is greater., whichever is greater.””

•• ““4.4.7.6 thickness tolerance. 4.4.7.6 thickness tolerance. ……For plate, For plate, the maximum allowable thickness variation shall be the maximum allowable thickness variation shall be 
0.01 in. under the determined thickness0.01 in. under the determined thickness.   For sheet, the maximum allowable thickness .   For sheet, the maximum allowable thickness 
variation shall be as tabulated in ASTM A568/568M for thicknessevariation shall be as tabulated in ASTM A568/568M for thicknesses up to 0.23 in., or as s up to 0.23 in., or as 
tabulated in ASTM A635/635M for larger thicknesses, as applicabltabulated in ASTM A635/635M for larger thicknesses, as applicable.   However, the maximum e.   However, the maximum 
allowable thickness variation shall not exceed 0.010 in. under tallowable thickness variation shall not exceed 0.010 in. under the determined thickness.he determined thickness.””

•• 4.4.8 Steel Reinforcement4.4.8 Steel Reinforcement
•• Steel reinforcement can be Bars, wire, or welded wire per sectioSteel reinforcement can be Bars, wire, or welded wire per sections 4.4.8.1 through 4.4.8.3.   ns 4.4.8.1 through 4.4.8.3.   

Circumferential reinforcement shall be steel bar or wire in hoopCircumferential reinforcement shall be steel bar or wire in hoop forms or welded wire forms or welded wire 
reinforcement (mesh) shaped and lap welded.   All welds shall dereinforcement (mesh) shaped and lap welded.   All welds shall develop a pull test stress of a velop a pull test stress of a 
minimum of 40,000 minimum of 40,000 psipsi..



AWWA C 300 AWWA C 300 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 

Steel Cylinder TypeSteel Cylinder Type

4.5 Design4.5 Design
•• 4.5.1 General Requirements4.5.1 General Requirements
•• ““4.5.1.2 Laying Lengths. In general, pipe shall have a minimum no4.5.1.2 Laying Lengths. In general, pipe shall have a minimum nominal minal 

laying length of 8 ft, unless shorter lengths are required by welaying length of 8 ft, unless shorter lengths are required by weight or other ight or other 
considerations.  The maximum lengths shall be as follows: 30considerations.  The maximum lengths shall be as follows: 30””--3636”” 20 ft; 20 ft; 
3939”” and larger 24 ft.and larger 24 ft.””

•• ““4.5.2 Design of pipe. 4.5.2 Design of pipe. ……The reinforcement of the pipe shall consist of a The reinforcement of the pipe shall consist of a 
welded steel cylinder surrounded by one or more cages of welded welded steel cylinder surrounded by one or more cages of welded steel steel 
hoops, helically wound steel bar, or welded wire reinforcement phoops, helically wound steel bar, or welded wire reinforcement properly roperly 
spaced and supported with longitudinal spaced and supported with longitudinal reinforcingreinforcing……The cross sectional The cross sectional 
area of the circumferential bar or wire reinforcement per unit area of the circumferential bar or wire reinforcement per unit 
length of pipe shall be no less than 40 percent of the total arelength of pipe shall be no less than 40 percent of the total area of a of 
reinforcementreinforcement per unit length of pipe.   The minimum nominal thickness per unit length of pipe.   The minimum nominal thickness 
of the cylinder shall be 16 gauge.of the cylinder shall be 16 gauge.””

•• Per AWWA M9 Per AWWA M9 –– The user should be aware that this type of pipe can be The user should be aware that this type of pipe can be 
designed for high internal pressure, but is limited in external designed for high internal pressure, but is limited in external load capacity.load capacity.

•• 4.5.3 Joint Rings.4.5.3 Joint Rings.
•• ““4.5.3.1 General. The steel bell and spigot joint rings shall be 4.5.3.1 General. The steel bell and spigot joint rings shall be so designed so designed 

and fabricated that when the pipe is laid and jointed, the jointand fabricated that when the pipe is laid and jointed, the joint will be self will be self 
centering.centering.””



AWWA M9 Chapter 7 Design Procedure for Rigid AWWA M9 Chapter 7 Design Procedure for Rigid 
Pipe (AWWA C300 and C302Pipe (AWWA C300 and C302--Type Pipe)Type Pipe)

•• Step 1:Step 1:
•• ““Calculate the total circumferential steel area required to resisCalculate the total circumferential steel area required to resist internal pressure only t internal pressure only 

using the hoop tension equation for working pressure and workingusing the hoop tension equation for working pressure and working pressure plus pressure plus 
surge pressure.surge pressure.””

•• Step 2: Skip (C302 Only)Step 2: Skip (C302 Only)
•• Steps 3Steps 3--6:6:
•• Calculate the pipe weight, water weight, earth load, live load, Calculate the pipe weight, water weight, earth load, live load, moments and thrust moments and thrust 

for each load on the pipe, including internal pressure.for each load on the pipe, including internal pressure.
•• Step 7Step 7
•• ““Calculate the required circumferential steel area for the invertCalculate the required circumferential steel area for the invert and the side for each and the side for each 

of the three combinations of load shown below.  Combined load deof the three combinations of load shown below.  Combined load design means the sign means the 
pipe is designed to resist the flexural and axial stresses from pipe is designed to resist the flexural and axial stresses from each of the following each of the following 
conditions:conditions:

•• Condition 1: a combination of working pressure, dead loads (eartCondition 1: a combination of working pressure, dead loads (earth, pipe and water), h, pipe and water), 
and live loads.and live loads.

•• Condition 2: a combination of dead loads and live loads with zerCondition 2: a combination of dead loads and live loads with zero internal pressure.o internal pressure.
•• Condition 3; a combination of working pressure, surge pressure, Condition 3; a combination of working pressure, surge pressure, and dead loads.and dead loads.
•• Step 8: Step 8: 
•• ““Select the controlling maximum steel area for the invert and sidSelect the controlling maximum steel area for the invert and side.   Check to see e.   Check to see 

that the total steel area will be sufficient for the hydrostaticthat the total steel area will be sufficient for the hydrostatic design.design.””



AWWA C 300 AWWA C 300 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
Steel Cylinder Type Steel Cylinder Type 
4.6 Fabrication4.6 Fabrication

•• 4.6.4 Fabrication of steel Cylinders.4.6.4 Fabrication of steel Cylinders.
•• ““4.6.4.1 General. The  steel cylinders shall be formed by 4.6.4.1 General. The  steel cylinders shall be formed by 

shaping and welding together cut lengths or coils of shaping and welding together cut lengths or coils of 
specified material and thicknesses.   The cylinders shall specified material and thicknesses.   The cylinders shall 
be shaped accurately to the size required, and the joint be shaped accurately to the size required, and the joint 
rings shall be welded to the ends before testing.rings shall be welded to the ends before testing.””

•• ““4.6.4.3 Hydrostatic Test. Each steel cylinder, with joint 4.6.4.3 Hydrostatic Test. Each steel cylinder, with joint 
rings welded to its ends, shall be subjected to a rings welded to its ends, shall be subjected to a 
hydrostatic test.   hydrostatic test.   When cylinders are tested in a When cylinders are tested in a 
horizontal position, the pressure applied shall be that the horizontal position, the pressure applied shall be that the 
stress will be 0.75 times the specified minimum yield stress will be 0.75 times the specified minimum yield 
point of the steel.point of the steel.””



AWWA C 300 AWWA C 300 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
Steel Cylinder Type Steel Cylinder Type 
4.6 Fabrication4.6 Fabrication

•• 4.6.6 Concrete for pipe.4.6.6 Concrete for pipe.
•• ““4.6.6.7 Strength of Concrete. The 284.6.6.7 Strength of Concrete. The 28--day design compressive strength of day design compressive strength of 

concrete shall be not less than 4,500 concrete shall be not less than 4,500 psipsi…”…”
•• 4.6.7 Curing of pipe.4.6.7 Curing of pipe.
•• ““4.6.7.1 General. Pipe shall be cured as specified in this sectio4.6.7.1 General. Pipe shall be cured as specified in this section to obtain n to obtain 

concrete of strengths specified for test cylinders under Sec. 4.concrete of strengths specified for test cylinders under Sec. 4.6.6.7. Unless 6.6.7. Unless 
otherwise specifically permitted, the pipe shall be cured by theotherwise specifically permitted, the pipe shall be cured by the accelerated accelerated 
curing method described in Sec. 4.6.7.2, by the water curing metcuring method described in Sec. 4.6.7.2, by the water curing method hod 
described in Sec. 4.6.7.3, or by the combination curing method ddescribed in Sec. 4.6.7.3, or by the combination curing method described in escribed in 
Sec. 4.6.7.4Sec. 4.6.7.4…”…”

•• ““4.6.7.2 Accelerated Curing. 4.6.7.2 Accelerated Curing. ……The forms shall not be removed until the The forms shall not be removed until the 
concrete has attained a strength sufficient to resist damage durconcrete has attained a strength sufficient to resist damage during the ing the 
formform--removal operation, removal operation, but in no case shall the forms be removed but in no case shall the forms be removed 
until 6 hr after the completion of concrete placementuntil 6 hr after the completion of concrete placement…”…”

•• ““4.6.7.3 Water Curing. 4.6.7.3 Water Curing. ……Forms shall not be removed until the concrete has Forms shall not be removed until the concrete has 
attained a strength sufficient to resist damage during the formattained a strength sufficient to resist damage during the form--removal removal 
operation, operation, but in no case shall the forms be removed until 12 hr but in no case shall the forms be removed until 12 hr 
after the completion of concreteafter the completion of concrete placementplacement…”…”



AWWA C 300 AWWA C 300 -- Reinforced Concrete Pressure Pipe, Reinforced Concrete Pressure Pipe, 
Steel Cylinder Type Steel Cylinder Type 

SummarySummary
•• Pipe Type Pipe Type –– RigidRigid
•• Application Application –– Pressures not exceeding 265 PSIPressures not exceeding 265 PSI
•• Design Per AWWA Pipe Manual M9. Combined Design Per AWWA Pipe Manual M9. Combined 

external loads and internal pressure.  Surge external loads and internal pressure.  Surge 
pressure included in design.pressure included in design.

•• Classification Classification –– Working Pressure, PSI. Working Pressure, PSI. 
Engineer to specify Engineer to specify WpWp and Ws.and Ws.

•• Acceptance Test Acceptance Test –– Hydrostatic Test Hydrostatic Test –– 75% of 75% of 
cylinder yield. Concrete compression tests.cylinder yield. Concrete compression tests.

•• Steel reinforcement may consist of wire, Steel reinforcement may consist of wire, 
welded wire or bars of Grade 40 steel. welded wire or bars of Grade 40 steel. 
Minimum of 40% of total area of Minimum of 40% of total area of 
reinforcement per unit length of pipe.reinforcement per unit length of pipe.

•• Joints test not required.Joints test not required.
•• Curing of Concrete: Forms not be removed Curing of Concrete: Forms not be removed 

for 6 hr on accelerated curing or 12 hr on for 6 hr on accelerated curing or 12 hr on 
water curing.water curing.



AWWA C 304 AWWA C 304 –– Design of Design of 
PrestressedPrestressed Concrete Cylinder PipeConcrete Cylinder Pipe

•• PrestressedPrestressed concrete concrete cuylindercuylinder pipe (PCCP) has been pipe (PCCP) has been 
manufactured in the US manufactured in the US suincesuince 1942.1942.

•• It is the most widely used type of concrete pressure It is the most widely used type of concrete pressure 
pipe.pipe.

•• Recent trends in the Western US is to not specify PCCP.   Recent trends in the Western US is to not specify PCCP.   
PCCP is used still used heavily in Arizona and other parts PCCP is used still used heavily in Arizona and other parts 
of the US.of the US.

•• PrestressedPrestressed concrete cylinder pipe has been designed for concrete cylinder pipe has been designed for 
operating pressures greater than 400 operating pressures greater than 400 psipsi and earth and earth 
covers in excess of 100 ft.covers in excess of 100 ft.

•• The design method is based on combined loading The design method is based on combined loading 
conditions and includes surge pressure and live loads.conditions and includes surge pressure and live loads.



AWWA C 304 AWWA C 304 -- PrePre--stressed Concrete Cylinder Pipestressed Concrete Cylinder Pipe
ForwardForward

•• II. Background of StandardII. Background of Standard
•• ““There are two types of There are two types of prestressedprestressed concrete cylinder concrete cylinder 

pipe: (1) Lined cylinder pipe, which has a core composed pipe: (1) Lined cylinder pipe, which has a core composed 
of a steel cylinder lined with concrete that is of a steel cylinder lined with concrete that is 
subsequently subsequently prestressedprestressed with high tensile wire wrapped with high tensile wire wrapped 
directly on the steel cylinder, and (2) directly on the steel cylinder, and (2) embeddedembedded--
cylinder pipecylinder pipe, which has a core composed of a steel , which has a core composed of a steel 
cylinder encased in concrete that is subsequently cylinder encased in concrete that is subsequently 
prestressedprestressed with highwith high--tensile wire wrapped on the tensile wire wrapped on the 
exterior concrete surface.   The cores of both types of exterior concrete surface.   The cores of both types of 
pipe are coated with pipe are coated with portlandportland--cement mortar.cement mortar.””

•• Ameron has furnished the embeddedAmeron has furnished the embedded--cylinder pipecylinder pipe
•• AmeronAmeron’’ss Tracy facility no longer provides PCCP. Tracy facility no longer provides PCCP. 



AWWA C304 Prestressed AWWA C304 Prestressed 
Concrete Cylinder PipeConcrete Cylinder Pipe



AWWA C 304 AWWA C 304 -- PrePre--stressed Concrete Cylinder Pipestressed Concrete Cylinder Pipe
SummarySummary

•• Pipe Type Pipe Type –– RigidRigid
•• Application Application –– Pressures exceeding 400 Pressures exceeding 400 

psipsi..
•• Design included. Combined external Design included. Combined external 

loads and internal pressure.  Surge loads and internal pressure.  Surge 
pressure included in design.pressure included in design.

•• Classification Classification –– Working Pressure, PSI. Working Pressure, PSI. 
Engineer to specify Engineer to specify WpWp, Ws and Field , Ws and Field 
Test Pressure.Test Pressure.

•• Joints test not required.Joints test not required.



Standards and Specifications Standards and Specifications 
for Concrete Cylinder Pipefor Concrete Cylinder Pipe

AWWA C303 AWWA C303 
StandardStandard

AWWA Design AWWA Design 
Manual M9Manual M9

AWWA C207AWWA C207

AWWA C208AWWA C208



AWWA C303 AWWA C303 –– Concrete Pressure Pipe, Concrete Pressure Pipe, 
Bar Wrapped, Steel Cylinder TypeBar Wrapped, Steel Cylinder Type

•• I. IntroductionI. Introduction
•• ““I.A. Background Bar wrapped, steel cylinder concrete pressure piI.A. Background Bar wrapped, steel cylinder concrete pressure pipe pe 

has been manufactured and used extensively for many years.   has been manufactured and used extensively for many years.   The The 
basic element of the pipe is a welded steel cylinder with basic element of the pipe is a welded steel cylinder with 
steel joint rings welded to the endssteel joint rings welded to the ends, , formed and tested in the formed and tested in the 
same general manner as other types of steelsame general manner as other types of steel--cylinder, concrete cylinder, concrete 
pressure pipepressure pipe.. The cylinder in lined with centrifugally placed The cylinder in lined with centrifugally placed 
cement mortarcement mortar or concrete that is or concrete that is ½½--in. thick for pipes up to 16in. thick for pipes up to 16
in., andin., and ¾¾ in. thickin. thick for larger sizesfor larger sizes. . Continuous reinforcing Continuous reinforcing 
bar is then helically wound, under measured tension, bar is then helically wound, under measured tension, 
around the lined cylinder; and a mortar coating not less around the lined cylinder; and a mortar coating not less 
than than ¾¾ in. thick measured from the outside of the in. thick measured from the outside of the 
reinforcing barsreinforcing bars is placed using high velocity impaction.is placed using high velocity impaction.””

•• ““II.A. Deflection Control. II.A. Deflection Control. ……To ensure satisfactory performanceTo ensure satisfactory performance and and 
serviceability of the pipe, bedding and backfilling procedures mserviceability of the pipe, bedding and backfilling procedures must ust 
be followed that will enable the be followed that will enable the deflection of the pipe to be deflection of the pipe to be 
controlled and kept within the limits contained in the AWWA Manucontrolled and kept within the limits contained in the AWWA Manual al 
M9, Concrete Pressure Pipe.M9, Concrete Pressure Pipe.””



AWWA C303 AWWA C303 –– Concrete Pressure Pipe, Concrete Pressure Pipe, 
Bar Wrapped, Steel Cylinder TypeBar Wrapped, Steel Cylinder Type

Steel CylinderSteel Cylinder

Sized Steel Bell & Spigot Sized Steel Bell & Spigot 
Assembly attached          Assembly attached          

to the Cylinderto the Cylinder

Centrifugally Placed Cement Mortar LiningCentrifugally Placed Cement Mortar Lining

Mild Carbon Steel Mild Carbon Steel 
Bar ReinforcementBar Reinforcement

Cement Mortar CoatingCement Mortar Coating

Rubber GasketRubber Gasket



AWWA C303 AWWA C303 –– Concrete Pressure Pipe, Bar Concrete Pressure Pipe, Bar 

Wrapped, Steel Cylinder TypeWrapped, Steel Cylinder Type

Section 1 GeneralSection 1 General
•• Sec. 1.1 ScopeSec. 1.1 Scope
•• ““This standard describes the This standard describes the 

manufacture of concrete pressure manufacture of concrete pressure 
pipe, reinforced with a steel pipe, reinforced with a steel 
cylinder that is helically wrapped cylinder that is helically wrapped 
with mild steel bar reinforcement, with mild steel bar reinforcement, 
in sizes from in sizes from 10 in. through 72 in. 10 in. through 72 in. 
inclusive, and for working inclusive, and for working 
pressures up to 400 pressures up to 400 psipsi. . …… This This 
standard does not include standard does not include 
requirements for design, handling, requirements for design, handling, 
delivering, laying, field testing, or delivering, laying, field testing, or 
disinfecting of pipe and fittings.   disinfecting of pipe and fittings.   
See AWWA Manual M9, Concrete See AWWA Manual M9, Concrete 
Pressure Pipe, for information on Pressure Pipe, for information on 
these topics.these topics.



AWWA C303 AWWA C303 –– Concrete Pressure Pipe, Bar Concrete Pressure Pipe, Bar 
Wrapped, Steel Cylinder TypeWrapped, Steel Cylinder Type
Section 4 RequirementsSection 4 Requirements

•• 4.4.5 Steel for Cylinders and 4.4.5 Steel for Cylinders and 
Fittings.Fittings.

•• ““4.4.5.1 General. The steel 4.4.5.1 General. The steel 
used for cylinders for pipe and used for cylinders for pipe and 
fittings shall have a minimum fittings shall have a minimum 
yield strength equal to or yield strength equal to or 
greater than twice the steel greater than twice the steel 
stress used at working stress used at working 
pressure, but not less than pressure, but not less than 
36,000 36,000 psipsi..””

•• ““4.4.6.6 Thickness Tolerance 4.4.6.6 Thickness Tolerance 
……the maximum allowable the maximum allowable 
thickness variation shall be thickness variation shall be 
.010 in. under the determined .010 in. under the determined 
thickness.thickness.



AWWA Manual M9 AWWA Manual M9 –– Design Procedure Design Procedure 
for for SemirigidSemirigid PipePipe

•• ““To ensure satisfactory performance and continued serviceability To ensure satisfactory performance and continued serviceability of the pipe , of the pipe , 
bedding and backfilling procedures must be followed that will enbedding and backfilling procedures must be followed that will enable the able the 
deflection of the pipe to be controlleddeflection of the pipe to be controlled and kept within the limits contained in and kept within the limits contained in 
AWWA Manual M9, Concrete Pressure Pipe.AWWA Manual M9, Concrete Pressure Pipe.””

•• The The semirigidsemirigid pipe designpipe design procedure for AWWA C303procedure for AWWA C303--type pipe involves the type pipe involves the 
following steps:following steps:

•• Step 1:Step 1:
•• Select a steel cylinder equal to or greater than the AWWA C303 mSelect a steel cylinder equal to or greater than the AWWA C303 minimum. inimum. Calculate Calculate 

the total circumferential steel area required to resist internalthe total circumferential steel area required to resist internal pressure using the hoop pressure using the hoop 
tension equation for working pressure and for working pressure ptension equation for working pressure and for working pressure plus surge pressurelus surge pressure..

•• ““AWWA C303 4.5.2.2 Steel cylinder and Bar Reinforcement, The averAWWA C303 4.5.2.2 Steel cylinder and Bar Reinforcement, The average age 
circumferential stress in the steel cylinder and bar reinforcemecircumferential stress in the steel cylinder and bar reinforcement of the pipe nt of the pipe at at 
working pressure shall not exceed 18,000 working pressure shall not exceed 18,000 psipsi nor 50 percent of the minimum yield nor 50 percent of the minimum yield 
strength of the steel used in the cylinder.strength of the steel used in the cylinder. Under the combined effect of working Under the combined effect of working 
pressure and surge pressure, the average circumferential stress pressure and surge pressure, the average circumferential stress in the steel cylinder in the steel cylinder 
and bar reinforcement shall not exceed 27,000 and bar reinforcement shall not exceed 27,000 psipsi nor 75 percent of the minimum nor 75 percent of the minimum 
yield strength of the steel used in the cylinder.yield strength of the steel used in the cylinder.””

•• Use the maximum value calculated of the total circumferential stUse the maximum value calculated of the total circumferential steel area required to eel area required to 
resist internal pressure.resist internal pressure.



AWWA Manual M9 AWWA Manual M9 –– Design Procedure Design Procedure 
for for SemirigidSemirigid PipePipe

•• Step 2: Step 2: 
•• Calculate the cylinder steel area and place the remaining requirCalculate the cylinder steel area and place the remaining required steel area in the bar by selecting a bar ed steel area in the bar by selecting a bar 

diameter and bar spacing within the following limits establisheddiameter and bar spacing within the following limits established in AWWA C303:in AWWA C303:
•• The area of bar reinforcement shall not exceed 60 percent of theThe area of bar reinforcement shall not exceed 60 percent of the total area of circumferential reinforcement.total area of circumferential reinforcement.
•• The area of bar reinforcement shall not be less than 0.23 in.^2/The area of bar reinforcement shall not be less than 0.23 in.^2/ linlin ft.ft.
•• The centerThe center--to center bar spacing shall not exceed 2 in.to center bar spacing shall not exceed 2 in.
•• The area of bar reinforcement in square inched per linear foot oThe area of bar reinforcement in square inched per linear foot of pipe wall shall be numerically equal to at least 1 f pipe wall shall be numerically equal to at least 1 

percent of the inside diameter of the pipe, in inches.percent of the inside diameter of the pipe, in inches.
•• The design clear space between bars shall not be less than the dThe design clear space between bars shall not be less than the diameter of the bar used.iameter of the bar used.
•• The bar diameter shall not be less than 7/32The bar diameter shall not be less than 7/32--in.in.



AWWA Manual M9 AWWA Manual M9 –– Design Procedure Design Procedure 
for for SemirigidSemirigid PipePipe

•• Step 3:Step 3:
•• Calculate the total load on the pipeCalculate the total load on the pipe
•• Step 4:Step 4:
•• Determine if the total load is less than either the maximum Determine if the total load is less than either the maximum 

allowable external load for minimum designs or the maximum allowable external load for minimum designs or the maximum 
allowable load for the actual design as calculated by Spanglerallowable load for the actual design as calculated by Spangler’’s s 
Iowa deflection equation.   If either condition is met, then theIowa deflection equation.   If either condition is met, then the
selected pipe design meets the project requirements.selected pipe design meets the project requirements.

•• The maximum allowable external load W for a given The maximum allowable external load W for a given semirigidsemirigid
(bar(bar--wrapped) wrapped) pipe design is the load producing the pipe design is the load producing the 
limiting pipe deflection D^2/4000limiting pipe deflection D^2/4000 where D is the inside where D is the inside 
diameter of the pipe in inches.diameter of the pipe in inches.

•• Step 5:Step 5:
•• If required, provide additional externalIf required, provide additional external--load capacity by load capacity by 

increasing the effective moment of inertia of the longitudinal increasing the effective moment of inertia of the longitudinal 
pipe section or by improving the beddingpipe section or by improving the bedding..

•• Moment of inertia can be increased by increasing the bar Moment of inertia can be increased by increasing the bar 
diameter or by increasing the coating thickness to a maximum diameter or by increasing the coating thickness to a maximum 
of 1.25of 1.25””



AWWA C303 AWWA C303 –– Concrete Pressure Pipe, Bar Concrete Pressure Pipe, Bar 

Wrapped, Steel Cylinder TypeWrapped, Steel Cylinder Type

Sec. 4.5 DesignSec. 4.5 Design
•• 4.5.3 Joint Rings4.5.3 Joint Rings
•• ““4.5.3.1 General. The 4.5.3.1 General. The 

steel bellsteel bell--and and ––spigot spigot 
joint rings shall be so joint rings shall be so 
designed and designed and 
fabricated that, when fabricated that, when 
the pipe is laid and the pipe is laid and 
jointed, the joint will jointed, the joint will 
be self centering.be self centering.



AWWA C303 AWWA C303 –– Concrete Pressure Pipe, Concrete Pressure Pipe, 
Bar Wrapped, Steel Cylinder TypeBar Wrapped, Steel Cylinder Type

Steel CylinderSteel Cylinder

Sized Steel Bell & Spigot Sized Steel Bell & Spigot 
Assembly attached          Assembly attached          

to the Cylinderto the Cylinder

Centrifugally Placed Cement Mortar LiningCentrifugally Placed Cement Mortar Lining

Mild Carbon Steel Mild Carbon Steel 
Bar ReinforcementBar Reinforcement

Cement Mortar CoatingCement Mortar Coating

Rubber GasketRubber Gasket



CCP Double Gasket Joint TypesCCP Double Gasket Joint Types



CCP Double Gasket Joint Types CCP Double Gasket Joint Types 
(continued)(continued)



Field Welding Joint Field Welding Joint 
for Thrust Restraintfor Thrust Restraint



CCP Welded Joint TypesCCP Welded Joint Types

Welded External Filler Bar Joining SystemWelded External Filler Bar Joining System



CCP Welded Joint Types CCP Welded Joint Types 
(continued)(continued)

External Lapweld Joining SystemExternal Lapweld Joining System



CCP Welded Joint Types (continued)CCP Welded Joint Types (continued)

Internal Fillet Weld Joining SystemInternal Fillet Weld Joining System



AWWA C303 AWWA C303 –– Concrete Pressure Pipe, Bar Concrete Pressure Pipe, Bar 

Wrapped, Steel Cylinder TypeWrapped, Steel Cylinder Type

SummarySummary
•• Pipe Type Pipe Type –– SemirigidSemirigid
•• Application Application –– Pressures up to 400 Pressures up to 400 psipsi..
•• Design Per AWWA Pipe Manual M9. Design Per AWWA Pipe Manual M9. 

Internal pressure and external loads Internal pressure and external loads 
checked independently.  Surge checked independently.  Surge 
pressure included in design.pressure included in design.

•• Classification Classification –– Working Pressure, PSI. Working Pressure, PSI. 
Engineer to specify Engineer to specify WpWp and Ws.and Ws.

•• Acceptance Test Acceptance Test –– Cylinder Hydrostatic Cylinder Hydrostatic 
Test Test –– 75% of cylinder yield.75% of cylinder yield.

•• Area of bar reinforcement shall not Area of bar reinforcement shall not 
exceed 60 percent of the total area of exceed 60 percent of the total area of 
circumferential reinforcement.circumferential reinforcement.

•• Maximum deflection not to exceed Maximum deflection not to exceed 
D^2/4000 in inches.D^2/4000 in inches.

•• Joint test not required.Joint test not required.
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