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DIPRA Member Companies

- AMERICAN Ductile Iron Pipe

Birmingham, AL

- Canada Pipe Company, LTD.

Hamilton, Ontario

- McWane Ductile

Coshocton, OH

- United States Pipe and

Foundry Company

Birmingham, AL

http://www.american-usa.com/
http://www.american-usa.com/
http://www.canadapipe.com/
http://www.canadapipe.com/


Ductile Iron Pipe

Strength and Durability for Life
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Neihart, Montana

Resistivity: 2,520 ohm-cm

Neihart, Montana – 12-Inch Cast Iron Pipe

Installed: 1892 – Inspected: 1992

Member: Cast Iron Pipe Century Club
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ANSI/AWWA Standards

C104/A21.4

Cement-Mortar Linings

C105/A21.5

Polyethylene Encasement

Ductile-Iron and Gray-Iron Fittings

C110/A21.10

Rubber-Gasket Joints

C111/A21.11

C115/A21.15

Flanged Ductile-Iron Pipe

C116/A21.16

Fusion-Bonded Coatings for Fittings

C150/A21.50

Thickness Design

Ductile-Iron Pipe, Centrifugally Cast

C151/A21.51

Ductile-Iron Compact Fittings

C153/A21.53

C600

Installation of Ductile-Iron Water Mains



Learning Objectives

• History

• Manufacture, Features and Design

• Installation & HDD

• Sustainability

• Corrosion Control - V-Bio Polyethylene & 

Design Decision Model (DDM)



Versailles, France
(Installed 1664)



Century Club

• The Cast Iron Pipe 
Century Club recognizes 
water utilities with Cast 
Iron mains that have 
provided service for 100 
years or more.  583 in US

and Canada





Buried No Longer

Average DI life (LSL) – 110 years

LSL = Relatively Long Service Life

Figure 5,  p. 8



To Achieve a Century of Service 

from your DI Pipe…

• Design

• Installation

• Corrosion Control 

• O & M



Thickness Design

of

Ductile Iron Pipe
(From ANSI/AWWA C150/A21.50)



Internal Pressure

t = Wall Thickness (in.)

Pi = Design Pressure (psi)

= 2 ( Pw + Ps )

Pw = Working Pressure (psi)

Ps = Surge Pressure (psi)

= 100 psi

D = Outside Diameter (in.)

S = Hoop Stress

= 42,000 psi (min.)
t  =
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0.08"

SERVICE ALLOWANCE

Pipe Wall Thickness

0.14"

ANSI/AWWA C150/A21.50

0.06"

CASTING TOLERANCE

TOTAL THICKNESS 0.28"

INTERNAL PRESSURE DESIGN

12-inch Pressure Class 350

Design Pressure = 2(350 + 100) = 900 psi



Nominal Thicknesses for Standard Pressure Classes of DIP
(From Table 5 of ANSI/AWWA C150/A21.50)



Special Thickness Classes of Ductile Iron Pipe
From Table 15 of ANSI A21.50 

Pipe 
Size
in.

3
4
6
8

10
12
14
16
18
20
24
30
36
42
48
54

Outside
Diameter

in.

3.96
4.80
6.90
9.05
11.10
13.20
15.30
17.40
19.50
21.60
25.80
32.00
38.30
44.50
50.80
57.56

50

- -
- -

0.25
0.27
0.29
0.31
0.33
0.34
0.35
0.36
0.38
0.39
0.43
0.47
0.51
0.57

52

0.28
0.29
0.31
0.33
0.35
0.37
0.39
0.40
0.41
0.42
0.44
0.47
0.53
0.59
0.65
0.73

Thickness Class
53

Thickness - in.

0.31
0.32
0.34
0.36
0.38
0.40
0.42
0.43
0.44
0.45
0.47
0.51
0.58
0.65
0.72
0.81

55

0.37
0.38
0.40
0.42
0.44
0.46
0.48
0.49
0.50
0.51
0.53
0.59
0.68
0.77
0.86
0.97

56

0.40
0.41
0.43
0.45
0.47
0.49
0.51
0.52
0.53
0.54
0.56
0.63
0.73
0.83
0.93
1.05

51

0.25
0.26
0.28
0.30
0.32
0.34
0.36
0.37
0.38
0.39
0.41
0.43
0.48
0.53
0.58
0.65

54

0.34
0.35
0.37
0.39
0.41
0.43
0.45
0.46
0.47
0.48
0.50
0.55
0.63
0.71
0.79
0.89



Manufacturing
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Melting Furnace
(Cupola)

Raw
Materials

Casting
Machine

Transfer
Ladle

Magnesium
Treatment



Casting Machine



Manufacturing



Sustainable Infrastructure

• Ductile Iron Pipe

– Up to 95% recycled content

– One standard length of 

Ductile Iron Pipe can 

contain up to one recycled 

car’s worth of Iron

– 100% recyclable

One standard length of 24-inch Ductile Iron Pipe can contain up to 
one recycled car’s worth of Iron. 



Magnesium Treatment
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• Iron:

Molten at 2,500° F

• Magnesium:

Vaporizes at 2,050° F



Photomicrographs
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Ductile Iron Gray Iron



Comparative Strength
(Minimum Standard Values)
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35,000 psi

60,000 psi

30%

Yield Strength
42,000 psi

Tensile Strength
60,000 psi

10%
Elongation

30,000 psi

Grade B Steel Ductile Iron Gray Iron



Ductile Iron Pipe
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Diameters: 3- to 64-inch

Rated Working Pressures: up to 350 psi*

Lengths: 18 to 20 feet

* Ductile iron pipe is available for higher working pressures;
check with the pipe manufacturer.



Cement Mortar Lining
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Cement Mortar Lining
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Cement Mortar Lining
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Cement Mortar Lining

29



DIPRA Flow Tests 

Hazen-Williams Coefficient – C-Factor 

Wednesday, April 5, 2023 30



Hydraulic Analysis
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Energy Use

• Hazen-Williams “C 
Factor” is based n 
smoothness of the 
inside pipe wall.

• But is it the most 
important factor in 
selecting an 
energy efficient 
pipe material?

C Factors

Material
Type

Ductile Iron

pccp/bccp

steel

pvc

hdpe

Hazen-Williams
C Factor

140

140

140

150

155



Actual Inside Diameters

DIP (PC200) – 24.95”

Steel/BCCP – 24.00”

HDPE (DR11) – 20.83” 

PVC (DR18) – 22.76”



$0

$20,000

$40,000

$60,000

$80,000

$100,000

$120,000

$140,000

$160,000

$180,000

DIP PC200 PCCP &
STEEL

PVC DR18 HDPE DR9

$65,904
$79,660

$90,736

$171,655

Annual Pumping Cost



Installation

Operation

Maintenance



Laying Conditions

Type 1

Type 4

Type 2 Type 3

Type 5



Effect of Laying Condition on

12 in. PC 350 DIP

(Maximum Cover)

Type 1 Type 2 Type 3 Type 4 Type 5

10’

15’
19’

28’

44’



Descriptions for Standard Laying Conditions

Type 1 Flat-bottom trench.  Loose backfill.

Type 2 Flat-bottom trench.  Backfill lightly

consolidated to centerline of pipe.

Type 3 Pipe bedded in 4-in. minimum

loose soil. Backfill lightly

consolidated to top of pipe.

From Table 2 of ANSI A21.50 



Available Joints

• Push-On

• Mechanical

• Restrained

• Flanged

• Grooved and Shouldered

• Ball and Socket (River Crossing)

• Seismic 



Ductile Iron Pipe Seismic Joints 

AMERICAN Earthquake Joint System
6”, 8”, 12”, 16”, 20” & 24”

Deflection: 6o - 8o

Extension: ± 2.4”

McWane Seismic Flex Coupling®
4” – 24”

Deflection: 10o - 11½o

Extension: ± 5.33”

US Pipe TR-XTREME®
6”, 8” 12” & 16”

Deflection: 3o - 4o

Extension: ± 1.45”



Carmel,

Indiana
(40 feet of 12-inch)



San Marcos, Texas

1,200’ – 30”



Pittsfield Twp, MI

30,000 feet - 8inch







Meridian, MS

1,640’ of 36”



DI Restrained Joints for HDD



75 Years of Research



Pipe Investigation

Princeton, Kentucky
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Resistivity: 3,600 – 7,600 ohm-cm

Installed: 1963/1964 – Inspected: 1998



10 Point Soil Evaluation
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Resistivity - ohm-cm (based on water-saturated soil box):
< 1,500
 1,500 - 1,800
> 1,800 - 2,100
> 2,100 - 2,500
> 2,500 - 3,000
> 3,000

pH:
0 - 2
2 - 4
4 - 6.5
6.5 - 7.5
7.5 - 8.5
> 8.5

Redox potential:
> +100 mV
+50 to  +100 mV
0 to +50 mV
Negative

Sulfides:
Positive
Trace
Negative

Moisture:
Poor drainage, continuously wet
Fair drainage, generally moist
Good drainage, generally dry

10
8
5
2
1
0

5
3
0
0*
0
3

0
3.5
4
5

3.5
2
0

2
1
0



Polyethylene Encasement
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Possible Moisture

Overlap



Los Angeles, CA – 47 Years

Chicago, IL – 44 Years  Sterling, CO – 41 Years

Latham, NY – 47 Years



Lafourche Parish, Louisiana

4 inch Cast Iron Pipe

Wednesday, April 5, 2023 53

Resistivity:   320 ohm-cm

pH:   6.9

Redox:   - 30 mV

Sulfides:   Positive

Saturated

Installed: 1958 – Inspected: 2018



Lafourche Parish, Louisiana

4 inch Cast Iron Pipe
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Lafourche Parish, Louisiana

4 inch Cast Iron Pipe

Wednesday, April 5, 2023 55

Resistivity:   320 ohm-cm

pH:   6.9

Redox:   - 30 mV

Sulfides:   Positive

Saturated

Installed: 1958 – Inspected: 2018
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Lafourche Parish, Louisiana

4 inch Cast Iron Pipe

Wednesday, April 5, 2023 57

Resistivity:   320 ohm-cm

pH:   6.9

Redox:   - 30 mV

Sulfides:   Positive

Saturated

Installed: 1958 – Inspected: 2018



DIPRA Test Sites



Low profile Ductile Iron Probe
(with annealing oxide)



Florida Everglades Corrosion Testing
(above ground monitoring)

Zinc Reference 

Cells

Silver/Silver Chloride Ref. Cells

Corrosion 

Coupons
Corrosion 

Coupons



Polyethylene Encasement
V-Bio research
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V-BioTM Polyethylene



Polyethylene Encasement
V-Bio research
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Corrosion rate (mpy) of probes under undamaged V-Bio Poly @ 6 o’clock position

showing zero or near zero corrosion rate during the test period. Corrosion rates of

probes under VBio® with cathodic protection was also at zero corrosion rate during

the test period. 





Polyethylene Encasement

Method A

Method B

Method C

Modified Method A



V-Bio Modified Method A 





The Design Decision Model®

(DDM®)



Design Decision Model®

• 1. As-manufactured

• 2. VBio Polyethylene Encasement
(VBio PE)

• 3. VBio PE or VBio PE with 
Bonded Joints

• 4. VBio PE with Metallized Zinc 
coating; or life-extension CP

• 5. VBio PE with Metallized Zinc 
Coating or Cathodic Protection 
(CP)



To Achieve a Century of Service 

from your DI Pipe…

• Design

• Corrosion Control

• Installation

• O & M



Nominal Thicknesses for Standard Pressure Classes of DIP
(From Table 5 of ANSI/AWWA C150/A21.50)



Detroit, Michigan
8-inch Ductile Iron Pipe

Installed – 1974 Inspected - 1995

Resistivity:   1,320 ohm-cm

pH:    7.4 

Redox:    -113 mv

Sulfides:    Positive

Moisture:    Saturated





Questions?

Wednesday, April 5, 2023 74

Strength
and

Durability
for

Life

www.dipra.org







Thank you!

Paul H. Hanson, PE

Regional Director

Ductile Iron Pipe 
Research Association
10271 Normandy Ct.

Fishers, IN  46040

205.790.6704
phanson@dipra.org

www.dipra.org

mailto:phanson@dipra.org
http://www.dipra.org/


4,000

1,600

42,000



1922 First Cement Lined Cast Iron Pipe

Charleston South Carolina

Wednesday, April 5, 2023 79





75 Years of Research



Damaged Polyethylene vs. 

Damaged Coatings

– 3 test sites (Everglades, Nevada & Hughes)

– 6 year results

• Accelerated pitting on bonded coatings

• Not accelerated for polyethylene encasement



Everglades Test SiteIntentionally Damaged Polyethylene Encasement 

vs. 

Intentionally Damaged Bonded Coatings 

Corrosion Study – 6 Years 

 

 

Everglades, Florida Test Site 

 

 

 
 

 

 

Polyurethane Coated Specimens 

 

Intentionally Damaged Polyethylene Encasement 

vs. 

Intentionally Damaged Bonded Coatings 

Corrosion Study – 6 Years 

 

 

Everglades, Florida Test Site 

 

 

 
 

 

 

Polyethylene Encased Specimens 

 

Polyethylene Encased Polyurethane Coating



Damaged Polyethylene Encased DIP

versus As-manufactured DIP

Pipe Condition
Number of

Specimens

Mean Deepest 

Pitting Rate

Damaged 

Polyethylene 

Encasement

62 0.0125 in/yr

As-manufactured 89 0.0247 in/yr

Damaged polyethylene encasement does not 
result in the concentrated corrosion cells that 

occur with damaged bonded coatings


