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ARIZONA DEPARTNIENT OF TRANSPORTATION
ROADWAY ENGINEERING GROUP

OFFICE NIEMO

February 6, 1996

TO: ALL DESIGN PERSONNEL
Roadway Engineering Group
Bridge Drainage Section
Statewide Project Management Group
Valley Transportation Group
Local Government Section
Roadside Development Section

FROM: TERRYH. OTTERNESS#
Design Program Manager
Roadway Design Section

RE: PIPE SELECTION GUIDELINES AND PROCEDURES
February 1, 1996

The subject document has been developed to provide design engineers with
guidelines and procedures to determine pipe materials to be included in the
construction plans as a bid condition. This procedure applies to all projects
designed on the State Highway System.

This document supercedes all previous design memoranda issued from the
Roadway Design Group and Highway Plans. The procedure is issued for
immediate· implementation and should be applied to design projects that are
currently underway as determined by the project manager. It is desirable not to
cause unnecessary rework on design projects that have progressed to near
completion; on the other hand, changed conditions in the field cause extra work
and additional costs. Please consult with Roadway Design if you need
assistance in the decision whether to apply the procedure. Our goal is to
include the appropriate pipe alternates as a bid condition.

Local Government agencies performing design work on their roadway systems
will need to make a determination of whether they wish to follow the ADOT

• guidelines or to establish their own pipe selection alternates.
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Page Two

Please contact Roadway Design regarding any questions or guidance you may
require. It is planned to hold some training and information sessions regarding
the enclosed guidelines.

Please insure that the personnel in your offices receive a copy of the document
as appropriate. Additional copies may be obtained from Engineering Records.
Thank you for your support.

•
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c: District Engineers
FHWA
Construction Group
Transportation Support Group
Materials Group
Traffic Group
Maintenance Group
Engineering Consultants Section
Contracts and Specifications Section
John Louis
Wayne Collins
Rick Genteman
August Hardt
Tom Schmitt
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FORWARD

This document was developed to provide design engineers with guidelines and
procedures to determine pipe materials to be included in the plans as a bid condition. The
methodology for achieving minimum service life requirements for currently approved
pipe materials is provided.

This document was developed by Roadway Design Section in joint cooperation
with Bridge Drainage Section, Materials Group, Construction Group, and District
Construction and has been approved for implementation through the ADOT Pipe
Committee.
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PIPE SELECTION GUIDELINES

GUIDELINES FOR DESIGNERS IN DETERMINATION OF SERVICE LIFE FOR VARIOUS
TYPES OF PIPE MATERIALS

When selecting the type ofpipe to use for a particular application and location the designer must achieve
a predetermined pipe service life. Service life requirements for various pipe alternatives are described in
the "Pipe Selection Procedures" beginning on page 3. The pipe selection options available for achieving
service life include pipe composition, thickness, and coating. The soils elements that affect pipe service
life are soil resistivity, pH, moisture content, and sulfate levels. Materials Section will investigate and
document the soil elements at all culvert locations.

All steel pipe service lives will be based on the American Iron and Steel Institute (AISI) chart (see
Appendix C). This chart detennines expected service life based on specific soil pH and resistivity
values. It allows increasing expected pipe service life by increasing pipe gage. Increasing the gage of
the pipe is the preferred method of achieving minimum service life rather than using bituminous
coated pipe. If a pipe is required to be bituminous coated to achieve the design service life, this coating
will give the pipe an additional 20 years of service life. (See individual pipe type descriptions below for
ranges in which bituminous coating is allowed.) Bituminous coating should mainly only be used if the
pipe under consideration is not available in the gage needed to obtain Required Service Life. When pipe
thickness without the need of bituminous coating is the preferred alternate to achieve Required Service
Life the designer shall note in the contract documents that bituminous coating will NOT be considered
as a construction Value Engineering Proposal (VEP).

If water will be persistently present inside the steel pipe, and/or moist soil will persistently be in contact
with the outside of the pipe, the service life values in the AISI chart shall be halved. The Materials Lab
Memorandum will indicate any moisture concerns at proposed pipe locations. The designer should
observe field conditions to anticipate moisture concerns.

GALVANIZED STEEL PIPE

Service life for Corrugated Galvanized Steel Pipe (CGSP), Spiral Rib Galvanized Steel Pipe (SRGSP),
Corrugated Galvanized Steel Structural Plate Pipe (CGSSPP), and Concrete-Lined Corrugated
Galvanized Steel Pipe (C/LCGSP) shall be based on the AISI chart. Total expected pipe service life is
dependent upon pipe gage and the bituminous coating's service life. For galvanized steel pipe to be a
viable alternate the coordinate point for soil pH and resistivity must fall within the overall AISI chart
limits. Only then can pipe gage be increased or the twenty years of bituminous service life be added to
achieve the required service life. For a pH range 6 to 9 and a soil resistivity of 2000 ohm-cm or greater
(as shown in the ADOT pH and Resistivity Table in Appendix D) b.ituminous coating is not normally
required for corrosion protection.

1



•

•

•

ALUMINIZED STEEL PIPE

Service life for Corrugated Aluminized Steel Pipe (CASP) and Spiral Rib Aluminized Steel Pipe
(SRASP) shall be based on the respective AISI chart. Total expected pipe service life is dependent on
pipe gage and the bituminous coating's service life. For aluminized steel pipe to be a viable alternate the
coordinate point for pH and resistivity MUST fall within the defined AISI chart limits for aluminized
steel. These limits are defined as resistivity greater than 1500 ohm-cm and pH between 5 and 9 as well
as resistivity between 1000 and 1500 ohm-cm and pH between 7.2 and 9.0. Only then can more service
life be achieved by increasing pipe gage or providing a bituminous coating which will add twenty years
of service life. At present there is no design procedure for CASP or SRASP outside these pH and/or
resistivity ranges. Outside these limits use other pipe alternates.

ALUMINUM PIPE

Corrugated Aluminum Pipe (CAP) and Corrugated Aluminum Structural Plate Pipe (CASPP) with a
soil pH of 5 to 9 and a resistivity of 500 ohm-cm or greater, shall be given a service life of 50 years for
16 gage aluminum, 62.5 years for 14 gage aluminum, and 87.5 years for 12 gage aluminum. The
bituminous coating shall be given an additive service life of 20 years. At present there is no design
procedure for CAP outside these pH and/or resistivity ranges. Other pipe alternates will be utilized.

CONCRETE PIPE

Precast Reinforced Concrete Pipe (RCP), Precast Non-Reinforced Concrete Pipe (NRCP), and Non
Reinforced Cast-In-Place Concrete Pipe (NRCIPCP) with a soil pH of 5 or greater shall be given a
service life of 100 years. When the pH is less than 5 investigate the use of concrete admixtures to
overcome the acidic soils or use other pipe types. For high sulfate levels Materials Section will notify
the designer when Type V rather than Type II cement shall be required.

PLASTIC PIPE

Corrugated High Density Polyethylene Plastic Pipe (CHDPEPP), with a soil pH of 1.25 to 14 and all
ranges of resistivity, shall be given a service life of 75 years.
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PIPE SELECTION PROCEDURES

The designer should refer to the document entitled, "PIPE SELECTION GUIDELINES", subtitled
"Guidelines For Designers In Determination Of Service Life For Various Types Of Pipe Materials" on
page 1, while applying this procedure.

The goal of this procedure is to identify the pipe alternates and their requirements to include in the plans
package. The designer will indicate on the plans Pipe Summary Sheet(s) (see Appendix E) all viable
pipe alternates determined in accordance with these guidelines and procedures.

AVAILABLE PIPE TYPES

The following pipe types are available for use on ADOT highway design projects. Use of pipe types,
other than those listed below, must be approved by the Assistant State Engineer-Roadway Engineering
Group.

STEEL(Galvanized)

1. CGSP-Corrugated Galvanized Steel Pipe
2. SRGSP-Spiral Rib Galvanized Steel Pipe
3. CGSSPP-Corrugated Galvanized Steel Structural Plate Pipe
4. CILCGSP-Concrete-Lined Corrugated Galvanized Steel Pipe

STEEL(Aluminized)

1. CASP-Corrugated Aluminized Steel Pipe
2. SRASP-Spiral Rib Aluminized Steel Pipe

ALUMINUM

1. CAP-Corrugated Aluminum Pipe
2. CASPP-Corrugated Aluminum Structural Plate Pipe

CONCRETE

1. RCP-Precast Reinforced Concrete Pipe
2. NRCP-Precast Non-Reinforced Concrete Pipe
3. NRCIPCP-Non-Reinforced Cast-In-Place Concrete Pipe

POLYETHYLENE

1. CHDPEPP-Corrugated High Density Polyethylene Plastic Pipe
Class C - corrugated interior / Class S - smooth interior

3
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PIPE SELECTION PROCESS

The pipe selection process begins when the designer determines the location of the new pipe. This
station location must be supplied to Materials Section and be given within ±15' of the final pipe location.
Pipes relocated outside this range may require soil retesting at the new locations.

The maximum height of fill over a given pipe section must also be known to determine the minimum
pipe wall thickness or class of pipe required by dead and live loading. In metal pipes, this minimum
wall thickness requirement frequently supplies more than enough thickness to meet all other service life
criteria. Therefore, the designer should begin pipe selection by determining the pipe wall thickness
required due to fill height. (See ADOT Fill Height Tables in Appendix F).

Materials Section will document the soil elements of resistivity, pH, high moisture, and sulfate levels at
all culvert locations supplied by the designer. When designing a closed storm drain system, as soon as
practical, once the approximate location of the storm drain is determined, the designer will contact
District to confirm the suitability of a storm drain system at this location and contact Geotechnical
Section to review the suitability of soils for trench conditions. A meeting will then be held with the
designer, District and Geotechnical Section to reach a decision on whether to include NRCIPCP as an
alternate. When NRCIPCP is included as an alternate, the plans will include separate pipe profile sheets
if required for hydraulic considerations.

SPECIAL REQUIREMENTS

Minimum pipe size shall be 24" inside diameter. Pipes may be 18" in diameter when connecting inlets
to an adjacent trunk line and where conflicts with other highway appurtenance features preclude the use
of a 24" diameter pipe. However, District maintenance should concur with any proposed use of 18" pipe.
C/LCGSP and NRCIPCP shall be 30" minimum inside diameter to provide sufficient space for
inspection and repair of cracks. NRCIPCP shall not exceed 120" inside diameter. The designer must
specify on the plans or special provisions when water tight joints are required. Siphons, irrigation
systems, and storm drain systems require water tight joints. Refer to the current Approved Products List,
maintained by ATRC, for approved CHDPEPP sizes. Only pipe sizes with approved joints will appear
on the Approved Products List.

NRCIPCP will not normally be used under lengths of 200 feet. It is used for smooth interior
applications only. It will not normally be used to construct open ended pipe culverts, due to extreme
temperature differentials at pipe ends. If, however, NRCIPCP outlets to an open system through a
structural headwall then a suitable doweling or reinforcing connection shall be considered to connect the
pipe to the headwall.

Special Provisions may be necessary for some of these pipe types to describe additional requirements for
special coatings, liners, joint requirements, or materials at specific sites. Special Provisions may be
required to define installation or inspection requirements in addition to those shown in the applicable
Standard Specifications.

4
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In selecting pipe alternates and sizes, the designer shall consider such factors as durability, comparative
costs, constructability, environmental considerations, service life, maintenance of traffic during pipe
installations, soil conditions, fill heights, remote site factors, closed storm drain systems, potential for
corrosive spillages, abrasive flows (bed load), need for water tight joints, slopes of inverts and hydraulic
characteristics of pipe material inside surfaces.

Bituminous coating, invert liners, special reinforcing, or other treatment may be required before some of
these types can be used at certain locations. In environmentally sensitive areas, bituminous coating may
not be allowed. For any pipe types involving coatings or linings, extreme care in handling and
installation is necessary to insure the durability that is expected by the designer. The possibility of
chemical reaction must also be considered when connecting, coating, or lining metal pipes. The designer
should verify the existing pipe materials as part of the alternative evaluation. No pipe type mixing will
be allowed on a single run of pipe. For example, existing galvanized steel pipe would not be extended
with new aluminized steel pipe. Reconstruction projects will require verification of the existing pipe
material as part of the alternative evaluation.

In urban work particularly, and all projects in general, consideration is to be given to traffic maintenance
and construction scheduling. Some techniques which may facilitate traffic handling and the appropriate
use ofNRCIPCP are:

1. Where traffic must be maintained through major intersections and open trench time is
severely limited, precast pipe should be specified for this location.

• 2. When the open trench length, width and depth will permit bridging, such as with steel
plates, the designer may give consideration to NRCIPCP as a viable alternative.

•

3. When several utility conflicts occur within a trench section, which would require multiple
removals and setups of NRCIPCP forms, the designer should consider substituting precast
pipe as the preferred alternate specified.

OPEN ENDED PIPE CULVERTS

1. Open ended pipe culverts will generally be designed based on corrugated type interiors
unless hydraulic conditions warrant smooth interior. The Manning's "n" factor for design
of corrugated metal and plastic pipe shall be 0.024.

2. They shall meet 50 year service life criteria on all State routes unless the designer can
justify a shorter service life on selected, low volume secondary or local roads. In any case,
a 25 year service life is the minimum on state routes.

5
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CLOSED STORM DRAIN SYSTEMS

The most economical storm drain design will allow for all viable pipe types. This becomes a formidable
task, however, when the designer starts to consider the endless number of pipe type combinations that
are possible. Mixing and matching the best type pipe to use for trunk lines in combination with laterals
can lead to complex and confusing design calculations. To simplify this procedure the designer should
analyze only two closed storm drain systems: one using an n factor of 0.012 and the other using an n
factor of 0.014. All smooth interior pipe types are represented by one of these n factors.

Use the same pipe type to analyze the entire closed system. Then show the viable pipe alternatives on
the Pipe Summary Sheet. The contractor can then pick and choose the most economical pipe
alternatives to use on the project. Any pipe type analyzed must meet minimum pipe type selection
criteria before accepting it as a viable alternate. Furthermore, only those pipe types which meet the
following conditions may be considered as alternates for storm drain use:

1. Closed system pipe types will be designed and constructed using smooth interior pipe.

2. A 75 year "maintenance free" service life is required for the interstate and freeway systems.
A 75 year service life will be considered and may be required by the designer on other
State routes where potential storm drain repair or removal would cause a major impact on
the traveling public. All other circumstances require a 50 year service life for storm drains.

•
3.

4.

Bituminous coating shall not be used for closed storm drain systems.

The n factor for design shall be 0.012 for RCP, NRCP, C/LCGSP, SRGSP and smooth
lined CHDPEPP. Use 0.014 forNRCIPCP.

•

5. If a separate profile is required, it will be indicated in the plans with separate profile sheets.

6. C/LCGSP .and SRGSP shall not be utilized in closed storm drain systems under the
following conditions:

A. C/LCGSP and SRGSP shall not be used under interstate or freeway systems or any
high volume urban sections.

B. The pipe has a longitudinal run exceeding 1000 feet under paved roadway, paved
shoulders and/or adjacent curb, gutter, or sidewalk of a state primary roadway.

C. De-icing chemicals, agricultural or other corrosive agents may be "flushed" into the
pipe periodically.

D. The pipe is part of a closed conduit system connecting to either a pump station,
siphon, or pressurized line. This includes lines which provide operational or
detention storage.

6
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7.

ABRASION

NRCIPCP - The evaluation relative to NRCIPCP for consideration of its use in closed
stonn drain systems should include the following:

A. New construction will usually provide opportunity for proper curing prior to
backfilling and construction loads.

B. Reconstruction will require a more detailed evaluation, particularly in urban areas.
Consideration shall be given to the following:

i. Maintenance of traffic on cross-streets, into and from businesses and
residences.

ii. Median cross over opportunities.

iii. Any required restrictions in the length of time a trench would remain open.
This would include trench containing cast pipe in the curing stage.

C. Soil conditions - In that the trench is excavated to shape and provides for more than
the lower half of the exterior fonn for the pipe conduit, soils must be stable.
Conditions to be avoided include: sandy cohesionless soils, expansive soils, marshy
or peaty areas, and areas subject to subsidence. Materials Section will detennine
the suitability of the soils.

•

When the velocity of flow through a metal pipe is greater than 7 ft/sec abrasive bed loads may become a
factor. Concrete invert paving, increasing metal gage thickness, or using concrete or polyethylene pipe
will be considered to address the potential abrasion problem.

When the velocity of flow through a concrete pipe is greater than 40 ft/sec, increasing the compressive
strength of the concrete along with increasing the specific hardness of the aggregate used will be
considered to address the potential abrasion problem. Only increasing the compressive strength of the
concrete may be economical, since increasing specific hardness may require an uneconomically located
aggregate source (pit).

7
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PIPE SELECTION EXAMPLES

• GENERAL PROCEDURE

Pipe selection design can be organized into a very systematic procedure. Flowcharts for each
pipe type have been developed to lead the designer through the selection process (see
Appendix B). Refer to the appropriate flowchart for the specific pipe type you are checking to
gain an overall picture of how the selection procedure unfolds. Each chart leads
progressively through the simplest and most direct path.

CULVERT AND STORM DRAIN APPLICATIONS

Pipe alternates are initially selected knowing the type of drainage system to be used. The
designer applies either culvert or storm drain criteria. For example, cross culverts are
typically designed using corrugated pipe; smooth pipe interiors are only utilized for culvert
applications when required by hydraulic design. On the other hand, storm drains make use
of the hydraulically more efficient smooth lined pipes. Here, smooth interior plastic pipe and
all acceptable concrete alternates will survive the cut. Here, corrugated pipe alternates are
not the preferred choice. The designer should use Pipe Selection Worksheets appropriate to
the type drainage system being designed. This will reduce the pipe selection work required.

•
DATA COLLECTION

Pipe selection begins with the collection of certain design data. It is important that the
designer organize design data from the beginning to simplify future reference. For this
reason pipe selection worksheets are available for each pipe type. Take a look at the
Galvanized Steel Pipe Selection worksheet as an example in Figure A-I. Each column
represents the design of one pipe type at a specific plan sheet location (station). By the time
the designer is ready to select specific pipe types the following data has already been
determined:

1. Service Life Required
2. Flow Velocity
3. Pipf'Size
4. Statlon Location
5. Fill Height
6. Trench Condition

The Materials Lab Memorandum will supply:

1. SoilpH
2. Soil Resistivity
3. High soil moisture locations
4. High soil sulfate level locations

Check to see that values are given for stations within fifteen feet either side of the
final pipe location. Ifpipe location shifts outside this range then contact Materials
Testing Section to see ifvalues closer to the final pipe location should be obtained.

• Insert this data into the appropriate blanks on the worksheet.

8
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DETERMINE SPECIFICATIONS FOR PIPE TYPES

Apply the above information to determine specifications for each pipe type. The next design
tool to use is the Fill Height Tables (see Appendix F). Follow the three step procedure below
to obtain Corrugation Size and Wall Thickness, in the case of metal pipe, and Class, or Wall
Thickness for concrete pipe.

1. Enter the pipe Fill Height Tables using the applicable fill height range for the type
and size of pipe being designed.

2. Note whether this will be for a Trench or Non-Trench condition.
3. Using the specific pipe size (diameter for round pipe) and pipe type determine the

corresponding Corrugation Size, Wall Thickness, or Class.
4. Note this information on the worksheet.

From this point forward the pipe selection design for each pipe type is unique.

STEEL PIPE

Using the Steel Pipe Selection worksheet find the Wall Thickness, determined using the Fill
Height Tables, and circle it. Circle the AISI Thickness Factor given with this pipe thickness.
The AISI Factor is one of two variables used in calculating the Expected Service Life, SLe. If
a wall thickness greater than any listed is required write it in below the others listed.

Steel Pipe is available in Galvanized and Aluminized coatings. Each has its own limits in the
AISI chart. Be sure you are using the correct chart for the pipe type you are analyzing. (See
Appendix A).

The Service Life Expected, SLe, for Steel Pipe varies more pronouncedly than for any other
pipe type. To determine SLe enter the appropriate AISI chart (for Galvanized or Aluminized
Steel) and using the pH and Resistivity values determine the number of years for the Service
Life Base, SLb (referred to as Average Life on the chart). Keep in mind that if high soil
moisture is present the SLb must be reduced by half. Multiply the AISI Factor times SLb.
(Make calculations at the bottom of the worksheet in the space provided.) This yields the
Service Life Expected, SLe. If SLe > SLr (Service Life Required) then this pipe type and size
is an acceptable alternate. If not, the designer has three options to make it so.

1. Increase the pipe wall thickness (pipe gage), which changes the AISI Factor and
increases the SLb. Circle the preferred final values. Cross out the old.

2. Consider justifying a lower service life requirement ifSLe is close to SLr.
3. Add bituminous coating. This adds twenty years to SLb. This option has limited

application. It is not the preferred method for increasing service life.

If increasing the pipe thickness is selected, then recalculate SLe based on the new AISI
Factor and compare it to the SLr. Circle the preferred final values. Cross out the old. The
designer also has the option to combine any or all of these three options. For example, the
designer may increase pipe thickness and add bituminous coating to achieve SLr.

Finally, if the exit flow velocity exceeds 7 ftJsec then abrasion due to rock flow must be
investigated. The designer must consider the type of material carried by the flow (dirt, sand,
rounded river rock, broken/jagged rock), and the magnitude of the flow. Types of treatment
to address abrasion include increasing pipe wall thickness, bituminous or concrete invert
paving, or using concrete pipe or high density polyethylene plastic pipe.

9
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CHECK PIPE SIZE AVAILABILITY

When increasing the pipe wall thickness to achieve desired service life be sure to recheck
that the size of pipe being designed is manufactured in the wall thickness being used. Also,
check if corrugation size changes due to increased pipe wall thickness. This is mainly a
concern for smaller diameter pipes which require very large wall thicknesses.

ALUMINUM PIPE

Aluminum Pipe selection differs slightly from Steel Pipe due to more restrictions in its use.
Check the pH and Resistivity limits first. IfpH is outside the range of 5 to 9, or Resistivity is
less than 500 ohm-cm then Aluminum Pipe cannot be used at that location. Now determine
the Pipe Wall Thickness, using the same Fill Height Table procedure as for Steel Pipe. This
leads to a corresponding Expected Service Life as given in the Worksheet block. Circle both
values. Check to see if SLe > SLr. If not, then use the same first two alternatives that werE;
available for increasing Expected Service Life for Steel Pipe, namely:

1. Increase the pipe thickness.
2. Consider justifying a lower service life requirement.
3..Add bituminous coating.

Check the Velocity of Flow for abrasion. Use the same criteria as for Steel Pipe. Also, check
Pipe Size Availability as for Steel Pipe.

CONCRETE PIPE

Concrete is the most durable pipe material. It is allowed a 100 year Expected Service Life.
For most applications the designer will not require a higher service life. Therefore, Concrete
Pipe, of any type, will almost always satisfy the Service Life Requirements.

As with the metal pipe types above the designer enters the Fill Height Tables to obtain
essential pipe parameters unique to the type of concrete pipe under consideration. If
analyzing Reinforced Concrete Pipe or Non-Reinforced Concrete Pipe determine the Class of
Pipe for the Pipe Size, appropriate Fill Height, and type of Trench Condition. Similarly,
obtain Wall Thickness for Non-Reinforced Cast-In-Place Concrete Pipe. Place this
information on the Pipe Summary Sheet.

Three other design issues for concrete pipe must be addressed by the designer:

1. Is the soil pH < 5?
2. Is there high sulfate levels in the soil?
3. Is the Flow Velocity> 40 ftlsec?

LOW pH. If the pH is less than 5 then additional protection is needed for RCP and NRCP.
The designer must request that these pipe be bituminous coated. The designer is not
permitted to use NRCIPCP under these conditions.

HIGH SULFATE. Materials Group will indicate in the Materials Lab Memorandum if high
sulfate levels occur at a given pipe location. If high concentrations exist the Memo will also
indicate whether Type V cement should be used to make the concrete pipe.

10
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HIGH FLOW VELOCITY. Finally, concrete pipe must be checked for abrasion potential.
Concrete is generally very abrasion resistant. Only when flows exceed 40 ft/sec does it
become a concern. If abrasion is likely a problem consider increasing the compressive
strength of the concrete. Increasing the specific hardness of the aggregate used is also
effective, but finding an economical source is often difficult. The designer could also consider
using High Density Polyethylene Pipe. It has a record of having a high resistance to abrasion
problems.

Each of these three unique problems for Concrete Pipe will require special notes on the Pipe
Summary Sheet, its applicable plans detail sheet, or in the special provisions.

PLASTIC PIPE

This is the light, durable pipe with the long name. It is officially titled Corrugated High
Density Polyethylene Plastic Pipe or CHDPEPP. It is the easiest pipe to design, but it also
has the greatest restrictions. Rarely, if ever, will the designer face a problem for Plastic Pipe
meeting the pH and Resistivity limits. It is good for pH values between 1.25 and 14, virtually
the full range. For Resistivity it is good for ALL values. It also is given an Expected Service
Life of 75 years, enough to meet most applications.

The three parameters which limit its use are:

1. A Pipe Size between 12 and 36 inches.
2. Approved water resistant and water tight joints (refer to ATRC's current

Approved Products List for available pipe sizes).
2. A Fill Height::; 10 feet.

Plastic Pipe can be used as an acceptable alternate ifALL these conditions are met.

EXCEPTIONS

There may be times when the designer must look again at previously eliminated pipe types
which were not considered because ofthe type of drainage system being used. For example,
the designer may discover that all metal and plastic pipe in the culvert application are not
acceptable because pH, resistivity, or fill height requirements are exceeded. What is a
designer to doF: Return to the concrete alternatives and see if they fulfill pipe selection
requirements. Then select the alternate(s) most suitable to the application. This would be
an unusual situtation, but at least the designer has an option.

A similar condition could happen with a storm drain application where plastic and concrete
pipe alternates fail required fill height criteria. In this case the designer must obtain a
special reinforced concrete pipe design that is strengthened to carry the required load.

MAINTAINING ACCURATE RECORDS

The designer now has a complete record of his pipe selection design. Information
summarized on the worksheet is then transferred directly onto the Pipe Summary Sheet. If
conditions change later in project development the designer need only revise the affected
pipe location for each pipe type and revise the entry in the Pipe Summary Sheet.
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EXAMPLE PROBLEMS

STEEL PIPE

The following examples show how to proceed through steel pipe selection design.
Each example assumes the designer has already gathered all the preliminary data needed to
determine the appropriate pipe selections.

STEEL PIPE - GALVANIZED

The following eight examples will determine if galvanized steel pipe is an acceptable alternative for the
given conditions. They will also determine all the criteria needed to defme the pipe to be placed at these
locations.

Example I.

Minimum pipe wall thickness for the 1-3 foot fill height range in a trench condition is determined to be
0.064". This corresponds to an AISI Factor of 1.3. Using a pH of7.2 and resistivity of 1500 ohm-cm
yields a Sevice Life Base SLb = 50 years off the AISI chart. Multiplying the AISI Factor times SLb
(I.3X50) gives a Service Life Expected SLe = 65 years which is less than the 75 years Service Life
Required, SLr. To increase SLe try increasing the pipe wall thickness to 0.079". The new AISI Factor =
1.6 and SLe = 1.6 X 50 = 80 years, which is greater than SLr.

Another alternative is to add a bituminous coating to the lesser thick pipe. This yields SLe = 65 + 20 = 85
years. Also acceptable. Use the thicker pipe since it is preferrable to adding bituminous coating. But keep
in mind that if on the overall project you use more coated pipes you may want to use coating here, too.

Example 2.

This example is similar to example 1. SLr has lowered to 50 years and pH and resistivity have changed to
8.8 and 2500 ohm-em respectively. But the design is still straightforward. Wall thickness required by the
non-trench condition and 3'-5' fill height remains at 0.064" meaning the AISI Factor is still 1.3. From the
AISI chart the SLb has increased to 74 years. (Use the top line of the chart when pH is between 7.3 and
9.0.) Applying the AISI Factor of 1.3 yields 96 years. This is much greater than the 50 years required. In
this example the minimum pipe wall thickness required by fill height conditions governed the design of the
pipe thickness. No other criteria warranted further increases in thickness. This is a common condition and
helps simplify steel pipe design.

Example 3.

Here SLr = 50 years, minimum wall thickness = 0.064" due to a non-trench condition in 5'-8' offill, AISI
Factor = 1.3, pH =6.5, resistivity = 6000 ohm-em. SLb from the AISI chart is 45 years, but high moisture is
present in the soil. Therefore, reduce SLb by half to 22.5 years. Calculating SLe = AISI Factor X SLb =
1.3 X 22.5 = 29 years. Obviously this is short of the 50 year minimum service life. The designer has three
options to consider. First, the next size pipe wall thickness is 0.079" and has an AISI Factor of 1.6. This
gives SLe = 1.6 X 22.5 = 36 years. Still short. Try the next thickness, 0.109" with AISI Factor = 2.2. SLe
= 2.2 X 22.5 = 49.5 years (rounded up this becomes 50 years). This is close to the SLr. The designer has
the option to consider justifying a lower value for SLr since the charts for figuring service life are empirical
in nature and only approximate service life. Another alternative is to add bituminous coating (though not
preferred) to the 0.064" thick pipe. This results in SLe = 29 + 20 = 49 years, which will work. Finally, for
the thicker wall alternative check to see if the 24" diameter pipe is manufactured in a 0.109" wall thickness
and, if so, will it require a larger corrugation size.
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Example 4.

SLr = 50 years pH = 7.1 Resistivity = 600 ohm-cm
Fill Height = 3'-5' Thickness = 0.064" AISI Factor = 1.3 Trench Condition
The AISI chart yields SLb = 33 years. SLe = 1.3 X 33 = 43 years < 50 years.
Adding bituminous coating, SLe = 43 + 20 = 63 years, is OK, but increasing wall thickness one gage is
more desireable and meets the requirement. It yields SLe = 1.6 X 33 = 53 years.

Example 5.

SLr = 50 years pH = 5.7 Resistivity = 3000 ohm-cm
Fill Height = 1'-3' Thickness = 0.064" AISI Factor = 1.3 Non-Trench Conditon
The AISI chart yields SLb = 29 years. SLe = 1.3 X 29 = 38 years < 50 years.
Adding bituminous coating yields SLe = 38 + 20 = 58 years. This would work. We can also try increasing
thickness to 0.079" which has an AISI Factor of 1.6. SLe = (1.6 X 29) = 46 years. Still quite shy of the 50
year minimum. Increasing thickness to 0.109" yields SLe = (2.2 X 29) = 64 years. This will work and is
preferrable to bituminous coating. On small diameter pipe, though, be sure to check that the pipe is made in
the thicker gage being recommended. Also, check whether this thicker pipe needs a larger corrugation size.

Example 6.'

pH = 9.3 Resistivity = 1500 ohm-cm Trench Condition
Since pH > 9.0 galvanized steel is not acceptable as a pipe alternate at this location.
In this example no metal or plastic pipe is an acceptable alternate. The designer must now look at concrete'
pipe alternates for a solution. As you will see, in Concrete Pipe Example 6 below, RCP will fit the need.

Example 7.

SLr = 50 years pH = 4.0 Resistivity = 2000 ohm-cm
Fill Height = 70'-90' Thickness = 0.138" AISI Factor = 2.8 Non-Trench Condition
The AISI chart yields SLb = 15 years. SLe = 2.8 X 15 = 42 years. It will take another gage increase to
meet SLr. Thus SLe = 3.4 X IS = 51 years. OK. Use this as the preferred alternate. Adding bituminous
coating to the lowest gage pipe would also work. SLe = 42 + 20 = 62 years.

Example 8.

SLr= 50 years pH = 7.0 Resistivity = 1400 ohm-cm
Fill Height = 3'-5' Thickness = 0.064" AISI Factor = 1.3 Non-Trench Condition
High soil moisture at this location requires reducing the SLb by half. The AISI chart gives SLb = 39. This
means that SLe = II2 X 39 X 1.3 = 25 years < 50 years. Increase pipe thickness to achieve the required
Service Life. Use 0.079" with AISI Factor = 1.6. SLe = II2 X 39 X 1.6 = 31 years. Adding a bituminous
coating will achieve SLr (SLe=31+20=51 years). Alternatively, increasing the pipe gage two more
thicknesses (0.138") also gives acceptable results (SLe = II2 X 39 X 2.8 = 55 years) and is the preferred
solution. Be sure, however, that the 30" pipe can be made in a gage this thick. Also ask, will this thick pipe
need a larger size of corrugation?

13
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STEEL PIPE - ALUMINIZED

The following example problems illustrate pipe selection procedures for Aluminized Steel Pipe.

Example 1.

SLr = 75 years pH =7.2 Resistivity = 1500 ohm-cm
Fill Height = 1'-3' Thickness =0.064" AISI Factor = 1.3 Trench Condition
The AISI chart gives a SLb =50 years. Thus, SLe = 1.3 X 50 =65 years < 75 years. Increase gage and try
again. SLe = 1.6 X 50 =80 years. OK. Bituminous coating on the lesser gage also works. SLe =65 + 20
= 85 years. Use the extra gage choice. You will note that the procedure for Aluminized Steel Pipe in this
case is identical to that for Galvanized Steel Pipe. This will always be the case as long as the pH and
Resistivity values are within the AISI Chart limits for Aluminized Steel.

Example 2.

Sir = 50 years pH =8.8 Resistivity =2500 ohm-cm
Fill Height =3'-5' Thickness =0.064" AISI Factor = 1.3 Non-Trench Condition
The AISI chart Gives a SLb =74 years. Thus, SLe = 1.3 X 74 =96 years> 50 years. OK.
Again, this is the same result as was obtained for the galvanized steel pipe.

Example 3.

Sir = 50 years pH = 6.5 Resistivity = 6000 ohm-cm
Fill Height = 5'-8' Thickness = 0.064" AISI Factor = 1.3 Non-Trench Condition
The AISI chart gives a SLb = 45 years. Reduce this by half for soil moisture. Thus, SLe = 1/2 X 45 X 1.3
= 29 years. Once again, as you can see, this procedure is leading to the same results as was derived for
galvanized steel pipe in Example #3. As long as the pH and resistivity data fall within the acceptable limits
of the AISI chart for aluminized steel pipe the results will be identical.

Example 4.

SLr = 50 years pH = 7.1 Resistivity = 600 ohm-cm
Fill Height =3'-5' Thickness = 0.064" AISI Factor = 1.3 Trench Condition
In this case the resistivity is outside the range of the AISI chart for aluminized steel pipe. Thus, aluminized
steel pipe is not an acceptable alternative at this location.

ExampleS.

SLr = 50 years pH = 5.7 Resistivity = 3000 ohm-cm
Fill Height = 1'-3' Thickness =0.064" AISI Factor = 1.3 Non-Trench Condition
Since pH and Resistivity are within the AISI Chart limits for Aluminized Steel Pipe the result will be the
same as for Galvanized Steel Pipe (see Galvanized Example #5 above).

Examples 6-8.

The Resistivity and lor pH at these locations are all outside the AISI chart limits. Example 6, pH = 9.3 > 9:
Example 7, pH = 4.0 < 5; Example 8, Resistivity = 1400 ohm-em < 1500 ohm-cm. Thus, Aluminized Steel
Pipe is not an acceptable pipe alternative at these locations.
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ALUMINUM PIPE

Example 1.

SLr = 75 years pH = 7.2 Resistivity = 1500 ohm-em
Fill Height = 1'·3' Trench Condition
pH = 7.2 is between 5 and 9 and Resistivity is greater than 500 ohm-em. Therefore, Pipe Wall Thickness
will dictate the SLe. The minimal thickness of0.060" only provides 50 years of service life. Increasing the
thickness to 0.105" gives 87.5 years which is more than enough. Adding bituminous coating to a 0.075"
thick pipe would yield 82.5 years. Also OK, but the thicker pipe would be preferrable.

Example 2 through 5 and 8.

In each of these cases the pH and Resistivity values are within the accepted range. It is simply a matter of
picking the minimum wall thickness required to meet SLr = 50 years. The 0.060" wall thickness is
sufficient which agrees with the minimum required by fill height tables.

•

Example
2
3
4
5
8

Example 6 and 7.

pH
8.8
6.5
7.1
5.7
7.0

Resistivity
(ohm-em)

2500
6000

600
3000
1400

Fill Height
3'-5'
5'-8'
3'-5'
1'-3'
3'-5'

Thickness
0.060"
0.060"
0.060"
0.060"
0.060"

•

In both cases the pH is outside the 5 to 9 range limit. Example 6, pH = 9.3 > 9; Example 7, pH = 4.0 < 5.
The designer need look no further since this disqualifies each from being acceptable alternatives. The same
would be true if the Resistivity was below 500 ohm-em.

CONCRETE PIPE

Concrete Pipe is easy to select. Since it has a SLe = 100 years it will meet most project SLr's. The main
concern is to find out from the Fill Height Table whether the type ofConcrete Pipe is acceptable for the
load. If it is the designer will find an applicable Class or Wall Thickness. Record this information in the
Concrete Pipe Selection Worksheet. Three other conditions need to be checked, but it only takes one failed
condition to eliminate a pipe type as an acceptable alternative. For example, ifpH is less than 5 then
NRCIPCP is not acceptable. Both RCP and NRCP can be used but must be checked to see if there are
acceptable concrete admixtures to satisfy the low pH condition.
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Example 1- 8.

Fill Height Table requirements eliminated NRCP from Examples 4 & 6, NRCIPCP from Examples 3 &5,
and all three Pipe types in Ex. 7.

Example Fill Height RCP NRCP NRCIPCP
Class Class Wall Thickness

I 1'-3' II 2 31/2"
2 3'-5' II I N/A
3 5'-8' II 2 Not in Chart
4 3'-5' II Not in Chart 4"
5 1'-3' m 3 Not in Chart
6 5'-8' II Not in Chart 5"
7 70'-90' Not in Chart Not in Chart Not in Chart
8 3'_5' II I N/A

Other restrictions to consider include: in examples 3 & 5 NRCIPCP is not acceptable since pipe size is less
than 30"; in examples 2 & 8 NRCIPCP has wall thicknesses given, but a footnote indicates that this is not
an acceptable alternate for a non-trench condition; likewise, examples 3, 5 & 7 are not acceptable due to
non-trench conditions.

You will notice that in Example 7 no concrete pipe alternate is acceptable. Nor is the plastic pipe alternate,
as will be seen in the next section. With no pipe type acceptable for this location what should the designer
do? Here is a case where a special reinforced concrete pipe design is required. The design will need to be
detailed in the project plans.

PLASTIC PIPE

Plastic Pipe is as easy to select as Concrete Pipe. With a SLe = 75 years CHDPEPP will suit most service
life requirement needs. Only two other requirements need to be checked. Pipe size must be between 12"
and 36" in diameter (24" minimum for most installations). And Fill Height must not exceed 10 feet.

The Fill Height Tables have been set up to assist the designer in selecting Plastic Pipe. If the designer
cannot fmd the pipe criteria in the tables then Plastic Pipe is not acceptable as a pipe alternate.

Example I - 3, 5, and 8.

These five pipe meet minimum requirements in the Fill Height Tables. A check in the New Products List
shows that 36" pipe, at this time, does not have acceptable joints. So, using plastic pipe in Example) is not
acceptable. Plastic pipe in Examples 2, 3, 5, and 8 are acceptable pipe alternatives.

Example 4, 6, and 7.

These pipe are more than 36" in diameter. Example 4, Diameter = 42"; Example 6, Diameter =48";
Example 7, Diameter = 60". Also, in Example 7 the fill height of86' exceeds the 10' maximum.
Therefore, Plastic Pipe is not an acceptable alternative at these locations.
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ARIZONA DEPARTMENT OF TRANSPORTATION

GALVANIZED STEEL PIPE SELECTION

Plan Reference Number

Location (Station)

Service Life Required SLr \lears)
circle one

Pipe Size (inches or inch x inch)

Fill Height Range (ft-ft)

Corrugation (inch x inch)
circle one

/-3
cg2/3X1/2)

3x1
5xl
6x2

Sheet of /0
z 4

"'. "

Pipe Wall
Thickness(inches)=AlSI Factor

circle
or

add appropriate thickness

pH

Resistivity (ohm-em)

High Soil Moisture?
circle one

Service Life Base, SLb (years)

Expected Service Life (years)

SLe=SLb*AlSI Factor
Velocity of Flow>7ft1sec?

circle one

7,2.
/500 2500

0.109"=2.2
0.138"=2.8
0.168"=3.4

0.079"=1.6
0.109"=2.2
0.138"=2.8
0.168"=3.4

7./
000

When SLe<SLr consider three options to increase SLe:

1. Increase the pipe wall thickness (gage). This will increase the SLe.

2. Consider justifying a lower service life requirement if SLe is close to SLr.

3 Add bituminous coating. This adds 20 years to SLe. This is not normally a preferred option.
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ARIZONA DEPARTMENT OF TRANSPORTAnON

GALVANIZED STEEL PIPE SELECTION
Sheet 2. of /0

Plan Reference Number

Location (Station)

Service Life Required SLr (Years)
circle one

Pipe Size (inches or inch x inch)

Fill Height Range (ft-ft)

Corrugation (inch x inch)
circle one

7
5Zro + 87

22/3X 112

@
5x1
6x2

B
SZ.B f- /7

30
3-5

Pipe Wall
Thickness(inches)=AlSI Factor

circle
or

add appropriate thickness

pH

Resistivity (ohm-em)

High Soil Moisture?
circle one

Service Life Base, SLb (years)

Expected Service Life (years)
SLe=SLb*AlSI Factor

Velocity of Flow>7ft1sec?
circle one
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When SLe<SLr consider three options to increase SLe:

1. Increase the pipe wall thickness (gage). This will increase the SLe.
2. Consider justifying a lower service life requirement if SLe is close to SLr .

3. Add bituminous coating. This adds 20 years to SLe. This is not normally a preferred option.
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ARIZONA DEPARTMENT OF TRANSPORTATION

ALUMINIZED STEEL PIPE SELECTION

Plan Reference Number

Location (Station)

Service Life Required SLr (Years)
circle one

Pipe Size (inches or inch x inch)

Fill Height Range (ft-ft)

Corrugation (inch x inch)
circle one

Pipe Wall
Thickness(inches)=AlSI Factor

circle
or

add appropriate thickness

30
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0.064"=1.3
0.079"=1.6
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pH

Resistivity (ohm-cm)

High Soil Moisture?
circle one

Service Life Base, SLb (years)

Expected Service Life (years)
SLe=SLb*AlSI Factor

Velocity of Flow>7ft1sec?
circle one

When SLe<SLr consider three options to increase SLe:

1. Increase the pipe wall thickness (gage). This will incl:ease the SLe.

3. Consider jusifying a lower service life requirement if SLe is close to SLr.

2. Add bituminous coating. This adds 20 years to SLe This is not normally a preferred option
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ARlZONA DEPARTMENT OF TRANSPORTATION

ALUMINIZED STEEL PIPE SELECTION
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5"Plan Reference Number

Fill Height Range (ft-ft)

Corrugation (inch x inch)
circle one

Pipe Size (inches or inch x inch)

Location (Station)

Service Life Required SLr (lears)
circle one

Pipe Wall
Thickness(inches)=AISI Factor

circle
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add appropriate thickness
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circle one
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When SLe<SLr consider three options to increase SLe:

1. Increase the pipe wall thickness (gage). This will increase the SLe..

3. Consider jusifying a lower service life requirement if SLe is close to SLr .

2. Add bituminous coating. This adds 20 years to SLe. This is not normally a preferred option.
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ARIZONA DEPARTMENT OF TRANSPORTATION

ALUMINUM PIPE SELECTION

Plan Reference Number 1 z.
Sheet

3
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circle one

When SLe<SLr consider three options to increase SLe:

1. Increase the pipe wall thickness (gage). This will increase the SLe.

2. Consider justifying a lower service life requirement if SLe is close to SLr .

3. Add bituminous coating. This adds 20 years to SLe. This is not normally a preferred option.
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ARIZONA DEPART1v1ENT OF TRANSPORTATION

ALUMINUM PIPE SELECTION
Sheet ~ of /0

Service Life Required SLr ('{ears)
circle one

Plan Reference Number

Location
Station

5 ~ pH ~ 9?
circle one

Resistivity ~ 500?
(ohm-em)
circle one
Pipe Size

inches or inch x inch

5
522 + f7

24 45

7

52.0 + 87

30

yrs ci06o"=50.0ry

3-5

0.075"=62.5 yrs

0.105"=87.5 yrs

2Z/3X 1/Z

3xl
9x2 1/z

7D-~O

2Z/3X 1/Z

3xl
9x2 1/z

5-6/- 3
Corrugation
(inch x inch)

circle one

Fill Height Range
ft-ft

Velocity of Flow>7ft1sec?
circle one

Pipe Wall Thickness(inches)
=Service Life Expected (years) SLe

circle
or

add appropriate thickness

When SLe<SLr consider three options to increase SLe:

1. Increase the pipe wall thickness (gage). This will increase the SLe.

2. Consider justifying a lower service life requirement if SLe is close to SLr.

3. Add bituminous coating. This adds 20 years to SLe. This is not normally a preferred option.

Plan Reference No. S- Plan Reference No. G:, Plan Reference No. 7 Plan Reference No. S
mll'llMVM WA.~I JI....,c.kt'L5S ~H- IS OLlh, de. ott Ie, ov1sr Je MIll 1M V/Yl VIM- L1 ~,c...1<...nL.S~

Is O.\(. '5 Le. = (50 '111) tMill)~Me. ~A e. . (1I1~{)~ "'e ~Mf' /5 O. K.. 5~ =(SD C1(!)
- I 1J0 A nnd. ..J 'NO ~ond.

J -
.,/ ....J

JAN 25,1996
FIGURE A-6



ARIZONA DEPARTMENT OF TRANSPORTATION

CONCRETE PIPE SELECTION

Plan Reference Number .1. z
Sheet of}O

3 4
Location (Station) 5//+/fo 5/3 + 2.0 5"/8+45" 5Z0+oZ

Non- Non-
Trench Trench

I I I I I I I -I
® aD ® ® aD aD ® ®
III III III III III III III III
IV IV IV IV IV IV IV IV
V V V V V V V V

2. 1
3~

pH<5?
H

Fill Height Range
ft-ft

High Sulfate Levels?
circle one

choose one

Pipe Size (inches
or inch x inch

RCP
Class

Velocity of Flow>40ft/sec?
circle one

choose one number in each column
or write in D-Load

Service Life Required SLr ('lears)
>100 Years?

circle one

Trench And Non-Trench Conditions
circle observed field condition

Plan Reference No. .L Plan Reference No. 2 Plan Reference No. 3 Plan Reference No. 4
4/1 u"crefe Olr>e ~tl€5 NR.c.IPC,f NIt ALU,,~bll!. tVf<.Q?cP Mt ~wo~~e NRLP Ie; Mt 121\

are M.ce~~kle. ' bvT IVr Mt'I-fr!t\cA w~dJ~I\. P,Ot' <: I=> e. cf'
I

M(/I.J~ble <7./1u-rvo.1-e. .
et-.UK. Ir,r n~t!d of R.cP ~ 1JRc.P ~re t<i n < 130" ~VIrr.J. Nof -tav"d. 11\ -A 1/

T'-'f.o! y (q,....~t. ~ t}.{Utfh..lole Also N~qPCfJ 1'V/7 ~ eAlI h.t ~1o)~5.
/ 1

"'to ilh, l,1e. -hr «eli t NRClftP MR.
M", ~ tr-e~ (/fJoI\d.d\,{)f\. aUJfJ~hle..

ReP ~ NR.cP ",re.. T

o.La.o~ ble..

MAR 21, 1996
FIGURE A-7



ARIZONA DEPARTMENT OF TRANSPORTATION

CONCRETE PIPE SELECTION
Sheet of 10

Plan Reference Number 5 7

Location (Station) 522+ [7 52-5+ b& 5'2J, + &7 52.8 + /7

I I I I I I
II II ® ® CID ®enD CID III III III III
IV IV IV IV IV IV
V V V V V V

3

><
pH<5?

H

Fill Height Range
ft-ft

High Sulfate Levels?
circle one

choose one

RCP
Class

Pipe Size (inches
or inch x inch

Velocity of Flow>40ftJsec?
circle one

choose one number in each column
or write in D-Load

Service Life Required SLr ('{ears)
>100 Years?

circle one

Trench And Non-Trench Conditions
circle observed field condition

Plan Reference No. s- Plan Reference No. " Plan Reference No. 7 Plan Reference No. ~

NRCIPCP I') Mt rvR.e.-P \S Mt ,,~ ~a ~t\uei-e. ()\ IJ-t. NR.c-I?c-P Mi-- lA.wo~1a1t
o..c.u.o'h-bl-e.. - PIPe sne ~(UDtAble o..)k--f\~. al1u-t"A1-e. ,) ...11 ~nhkle.. tvr r'\Qf\-ir-~Ct~ (.q;J,t..o",
2.41/< 30" ~v,~d. ~ot -tovt\d 11\ -R. II Not -h7vr'\d 11'\ -A II W~ NR..LP ~
Also ~Rc..IPcP "i hLl~ht hlole-s. heMht 'Wo1'LS. C\Lu.oh~{e...

o.cu'o~!ol!. for R.d t tVR,e.-IPt,P Mi. A:1so..J rv~ PcP 15 /\,Ot I

n.oF\~k,,~ Cf)t\6t7'\,Q1\. afl'Ollhr hie.. cvn P't~ fa Ie.. -fur
W t tV'R..cR Mt M{\~ +re~ .wl\d,i\c".
o..wD~ble.. f'Jf.e.d SOUl.J,. [ ~p

I

cks\~Y\ ~
,J

MAR 21, 1996
FIGURE A-8



Plan Reference Number

ARIZONA DEPARTMENT OF TRANSPORTATION

PLASTIC PIPE SELECTION

1
Sheet

3
of /0

Location (Station)

Service Life Required SLr (Years)
>75 Years?

circle one
Pipe Size (inches)

12"::;;Pipe Size::;;36"?
circle one

Pipe Size With Approved Joints?
Check New Products List

Fill Height
(ft

Fill Height> 10'?
circle
one

•

5//+ /0 513 +20 5/B +15 5ZD +Oz.

®

Plan Reference No. 1 Plan Reference No. 2.- Plan Reference No. 3 Plan Reference No. <1
3b /I PiPe.. ~ Y\.()i tv/,,~lale , 4CL..C./)~ fa Ie.. , f'fJe 'S/~e /' 3t, H,

~ ~W~-&ble. /Q("*. IVI'l ~/O DJ.

/Un a nod.
...." J

J .

• TAN 25, 1996

FIGURE A-9



Plan Reference Number

ARIZONA DEPARTMENT OF TRANSPORTATION

PLASTIC PIPE SELECTION

5 7

Sheet /0 of

B
10

Location (Station) 522+ (7 525+06 SZ.B +17

Service Life Required SLr ('(ears)
>75 Years?

circle one
Pipe Size (inches)

12"~Pipe Size~36"? c:f§>
circle one

Pipe Size With Approved Joints?
Check New Products List

Fill Height
ft)

Fill Height> 10'?
circle
one

Plan Reference No. S Plan Reference No. G:, Plan Reference No. 7 Plan Reference No. B
4caoIAble. fiN.- 'S(?e. "7 30 ". PIPe... SIP~ /' 3~/', Jl~b.b)(!...

lJo ~orJcJ, 4-/so !h~ ~A.kt
v

b:.~ 10 I, v

No ~orfcl
J

• TAN 25, 1996

FIGURE A-10
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PIPE SELECTION PROCEDURE FLOWCHARTS
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STEEL PIPE
CGSP, SRGSP, CGSSPP, C/LCGSP, CASP, SRASP

See Standard Specifications 501-3.02 and -3.04 for Bedding and Backfill Requirements
JANUARY 10,1996

Determine if type of pipe
is a viable altemative.

Determine minimum Service I Materials Section will determine
Life Required (SLr) in years. I if moisture around pipe will

present a corrosion problem.

NO YES
Determine controlling fill
height range in feet. Reduce SLb by one half.

Determine minimum pipe thickness &corrugation
size in inches from Fill Height Tables.

YES
Obtain pH & Resistivity values. I

Is pH between or
NOequal to 3 and 9? lis this an Aluminized Steel Pipe? I

NO YES

Use of Steel pipe Is pH between or Is Resistivity YES Use AISI Chart for Galvanied
is not acceptable equal to 5 to 9? YES greater than or Steel to determine the Base
for this location.

NO
equal to 1500 ~ Service Life (SLb) in years.
ohm-cm?

NO1
YES

I+-
Use of Aluminized Steel pipe Is Resistivity greater than or Determine expected Service Life
is not acceptable as a pipe NO equal to 1000 ohm-em &pH SLe=*Factor X SLb. *See Factor
alternate for this location. Iqreater than or equal to 7.2? Chart in Service Life Chart.

YES
Is flow velocity in pipe Is SLe greater than or
greater than 7 ftlsec? equal to SLr?

lYES
YES Justify using NO NONO a lower

Service Life. Thr~e options are
Concrete invert paving, available. Continue this
increasing metal loop until acceptable
thickness, using altematives are found.
reinforced concrete or Steel Pipe selected
polyethylene pipe will -. is an acceptable
be considered if alternate.
abrasion is a problem Add bituminous
due to bed loads. coating which f--

adds 20 years to
Selection of this alternate is Increase Service Life. One
complete. Proceed to the pipe gage aoolication onlv.
next pipe type selection. thickness.

FIGURE B-1
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ALUMINUM PIPE
CAP,CASPP
JANUARY 10, 1996

Determine if type of pipe
is a viable alternative.

1
Determine minimum Service
Life Required (SLr) in years.

1
Determine controlling fill
height range in feet.

I
~ete.r~ine minimum 'pipe thickness & corrugation I
size In Inches from Fill Height Tables.

I
IObtain pH & Resistivity values. I

NO I
lis pH between or equal to 5 to 9? 1

I YES

NO Is Resistivity greater than or
equal to 500 ohm-cm?

1YES

Three options are available for
Service Life Expected (SLe).

16 gage. 114 gage. 112 gage.

, I
ISLe=50 years. I ISLe=62.5 years. I ISLe=87.5 years. I

I
To achieve a 75 year Service
Life add bituminous coating.
SLe becomes 82.5 years.

1
I Is SLe greater than or equal to SLr? I

NO IYES

Use of Aluminum Pipe is not YES Concrete invert paving,
lis flow velocity in pipe greater than 7 ft/sec?

acceptable as a pipe
increasing metal

alternate for this location. INO thickness, using
reinforced concrete or

Aluminum Pipe polyethylene pipe will

Selection of this alternate is selected is an be considered if

complete. Proceed to the acceptable abrasion is a problem

next pioe tvoe selection. alternate. due to bed loads.

FIGURE B-2
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CONCRETE PIPE
RCP, NRCP, NRCIPCP

JANUARY 10, 1996

Determine if type of pipe
is a viable alternative.

Concrete Pipe is not acceptable YES Is Service Life required
as a pipe alternate at this greater than 100 years?
location.

NO

Determine controlling fill
height range in feet.

Determine concrete pipe Is the class shown on
Is Pipe Class shown on alternate under consideration. the Pipe Fill Height
the Pipe Fill Height

INRCIPCP I NRCP f-----. Tables? NO
Tables? RCP

NO YES YES

IDetermine class. Is wall thickness shown on the
Pipe Fill Height Tables?

NO YES Determine class.

Determine wall
thickness in inches.

NRCP is

"
not

",Obtain pH values. acceptable
as a pipe
alternate at

NRCIPCP is YES Are you considering NO Is pH greater than 5? this
not acceptable using NRCIPCP? I location.
as a pipe YES
alternate at this

NOlocation.

Use a bituminous Are there high sulfate
YES

coating. levels in surrounding nsoil?

NO PipeIncreasing concrete
strength along with may

increasing specific require
RCP is not hardness of the type V
acceptable as a aggregate will be Is flow velocity in cement.
pipe alternate at this considered if abrasion YES

the pipe greater I
location. is a problem due to bed than 40 ftlsec?

loads.
NO

Selection of this alternate Concrete Pipe selected is an
is complete. Proceed to acceptable alternate.
the next pipe type
selection.

FIGURE B-3
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CORRUGATED HIGH DENSITY
POLYETHYLENE PLASTIC PIPE

CHDPEPP (Cell Class 324420c)
JANUARY 10, 1996

Determine if type of pipe
is a viable alternative.

1
YES Jls Service life Required

JIgreater than 75 years?

lNO

YES Is pipe size less than 12"
or greater than 36"?

lNO

NO I Are joints approved in the pipe size needed?

I (See Approved Products list.)

1YES
YES

Is fill height greater than 10'? J
lNO

Polyethylene pipe is an
acceptable alternate.

1CHDPEPP is not
acceptable as a pipe Selection of this alternate is
alternate at this complete. Proceed to the
location. next pipe type selection.

FIGURE B-4
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APPENDIX

C

AISI AVERAGE SERVICE LIFE CHARTS

FOR STEEL PIPE



--. - ----- ------. .. -_. -_. - - - --------

CHART FOR ESTIMATING AVERAGE SERVICE LIFE OF CORRUGATED GALVANIZED

STEEL PIPE (CGSP), SPIRAL RIB GALVANIZED STEEL PIPE (SRGSP),

AND CORRUGATED GALVANIZED STEEL STRUCTURAL PLATE PIPE (CGSSPP).
(COPIED FROM AISI CHART) - (FOR DRY SOIL CONDITIONS)

- AISI char t and
pipe selection limits

3

I fr/ I ;;...." :;/':7 / I :7 / '0;; -:' ;> C ;> / /c ;> "! 60

I J I I I I I I I I I I I---LU I I I I I I I I I I

10,000 ._- -

I I \ I / 7.c I 7/ 7/ 7/ 7/ 180

I I I I J 7' j 100
pH of Environment Normally
7.3 Thru 9.0
Years = 2.94R 0.41

R = Minimum Resistivity

4 c_---

oI I I I I I I 1 I 1
10 ,nn

20 I / j "/' / / / / ;;t / /~/ / / I \ 1207 _- /' .? 7' 7' :7 7' 7' 7' \

401 1 :;;/", ;,./ Y;;-/ 1;// 7/ 7/ 7/1v / 7/ :// 140

i
t'-i

!
-a•.ttc
~.,

()
c:J

I
t-'

~

.2
t=
.5
N

8
0

r!.,
~

~
CD
D)

l!
CD

.;(

Minimum Resistivity (R) ohm em
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CHART FOR ESTIMATING AVERAGE SERVICE LIFE OF CORRUGATED ALUMINIZED

STEEL PIPE (CASP), AND SPIRAL RIB ALUMINIZED STEEL PIPE (SRASP).
(COPIED FROM AISI CHART) - (FOR DRY SOIL CONDITIONS)

.. ,,100

AISI chart and
pipe selection limits

.... '"pH of Envlronmen't Normally
7.3 Thru 9.0
Years=2.94R 0.41

R:Mlnimum Reslstlvlt y

_ r----zrr ::)7<: '7 .. ,< .[ . ·v..... .'·VV>·~1i7.c:77L 1&0.. c" /7

I I \ I I / . . .;7°1 . 7/ . ';7:<:;;'/ ';;.°180

4,---------

oI I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I 1 1 1 1 1 1 I\0 ._- . --- .n nnn .nn n

201 7./ _ ..1-;;:< ;;/' 7./ 7./ '7./;;j./ 7fi>rC 7./ 7/ ~\ 120

401 I 7./ ,,"'// ~ ..... r:I:7<:.;;;/':7/.:7./lv./ // ;/' 140

100
I r-

Thickness. In. 0.052 0.064 0.079 0.168

Gage 18 16 14 8

80r- Factor' 1.0 1.3 1.6 I 2.2 I 2.8 I 3.4

• Multiply yedrs by rdcfor for the Vdrlous Metdl fhlckness

I
&0 ~

pH of Environment Normally Less than 7.3
Years:27.58(Log loR-Log 10(21&0

1
-2490 Log loPH))
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8

.ttc
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APPENDIX

D

ALLOWABLE TYPES OF CULVERT PIPE

FOR VARIOUS pH AND RESISTIVITY RANGES



ALLOWABLE TYPES OF CULVERT PIPE FOR
• VARIOUS pH & RESISTIVITY RANGES

RESISTIVITY ~ 2000 1500-1999 1000-1499 500-999 < 500
(ohm-em)

ALLOWABLE PIPE A-B-C-D-E A-B-C-D-E A-B1-C-D- A-C-D-E A-D-E
OR COATING E

Notes:
I) Not allowed when pH is less than 7.2.

TYPES OF CULVERT PIPE OR COATING

A Corrugated Galvanized Steel Pipe (CGSP), Spiral Rib Galvanized Steel Pipe
(SRGSP), and Concrete Lined Corrugated Galvanized Steel Pipe (C/LCGSP),
AASHTO M 361M 36M, and Corrugated Galvanized Steel Structural Plate Pipe
(CGSSPP), AASHTO M 1671M 167M and

• Use pH and Resistivity Ranges in the AISI Chart.

B Corrugated Aluminized Steel Pipe (CASP) and Spiral Rib Aluminized Steel Pipe
(SRASP) , AASHTO M 361M 36M.
The pH Range is 5 to 9
(except for resistivity range 1000-1499 - see footnote 1).

C CorrugaK'd Aluminum Pipe (CAP) , AASHTO M 1961M 196M and Corrugated
Aluminum Structural Plate Pipe (CASPP), AASHTO M 219/M 219M.
The pH Range is 5 to 9.

D Corrugated High Density Polyethylene Plastic Pipe (CHDPEPP) ,
AASHTO M 294.
The pH Range is 1.25 to 14 and all Ranges of Resistivity.

•
E Use Bituminous Coating on A, B or C when needed, AASHTO M 190 and

AASHTO M 243.

November 6, 1995
FIGURE 0-1
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PIPE SUMMARY SHEET



IolOltl
FOIl I'ft CIA.YOlT I'UCOIElIT
so: ST_ DIU.... C'I),IS

~T~ N
PIPE OPTIONS SELECTED ARE THOSE R
REOUIRED TO MEET THE t.lININlM ,.-- C
SERVICE LIFE. N I
SHADED PIPE OPTION FIELDS R P
ARE NOT ALLOWABLE ALTERNATES.

r------------------~~----~--__,.-~C CI DESCRIPTION CSP I CAP IRCP P P

C
H
o
P
E
P
P

CUL VERT APPLICA nON
.. .. .. ., . . ... .. . .. .. .. .. .. .. .. . .. . .. .

i,i,; Iliiii; iiid iiid lIili ;iiii iii,i ilii,;; iii;: i,iii iliii iili; iiiii ,;"id h"i iii"
!l!1I !IlHl! l!!I! !!!11 11111 !!!!1 !'!!! lH!!!! ~!!q !!!!i I!!!! !!l![ !!!n lI!!!,1 IIpl !PP

511+16

513+20

5IB+~5

520+02

I 36 100

2 2 30 110

3 3 2~ 120

~ 2 <lZ 110

5 I Z~ 100

6 3 ~8 IZO

7 12 60 200

8 2 30 110

A .079 x llll! X HjH

A .109 X :!ii: x iiin

8 .105 x
8 .060 x
A .060 X

8 .060 X

. ... ..... ..... .. .. . . ... ... .
~J!!! !!j!! !i!U nin !!H!H x HlI!
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FILL HEIGHT RANGE TABLE eFt.l
RANGE NO. I I 12 I :5 I ~ I 5 I 6 I 7 I 8 I 9 I I0 I I I I 12

FILL I> I I I 3 I 5 I 8 1111151201251301<10155170
HEIGHT (Ft.ll::51315!8 1111151201251301~0155170190
~ SIIOUl.O FIELO C_ITIONS YIIrr ,_ TIt[ _ IIClIUTtD, COIlTlo(T OUIGll

FOIl 1lI·(YAl.UATICN 01 "I'( OlSIGll IlIQUIIlICIlTS.

iii PIPE CORRUCATlON
A 2¥, xY: 0 6x2

B :5xl 3xl
I--I------l E or

C 9x2Y: Sxl

• See Det41J for specIal design.

/uv5/hp3/oomlpsl.dgn
ze·MAR-IQ'l6 e<lo40

VIEW IWolEa

FIGURE E-1
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FILL HEIGHT TABLES
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ADOT

ROADWAY DESIGN

FILL HEIGHT TABLES

TRENCH AND NON-TRENCH CONDITIONS

CIRCULAR CULVERT

STORM SEWER AND IRRIGATION PIPES

CORRUGATED PIPE ARCHES

Revised January 19, 1996
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RCP - LOAD Vs CLASS OF PIPE

Class I RCP - 800 D-Ioad to produce 0.01' crack

<Do not use Class I for pipe less than 60' dla.)

Class II RCP - 1000 D-Ioad to produce 0.01' crack

Class III RCP - 1350 D-Ioad to produce 0.01" crack
Class IV RCP - 2000 D-Ioad to produce 0.01' crack
Class V RCP - 3000 D-Ioad to produce 0.01" crack

CSP IN THE TABLES INCLUDES:

CorruQated Galvanized Steel Pipe (CGSP)

Sprlal Rib Galvanized Steel Pipe (SRGSP)

Corrugated Galvanized Steel Structural Plate Pipe (CGSSPPl

Corrugated Aluminized Steel Pipe <CASPl
Splr~1 Rib AlumInized Steel Pipe ISRASP)

Concrete - Lined Corrugated Galvlnlzed Steel Pipe (C/LCGSP)

CAP IN THE TABLES INCLUDES:

Corrugated Aluminum Pipe (CAP)

Corrugated AlumInum Structural Plate Pipe (CASPPl

HDPEPP IN THE TABLES INCLUDES:

CorruQated HIQh Density Polyethylene Plastic Pipe (CHDPEPP), cell class 324420c.

Notes:
I. For metal pipe design criteria see 'CorruQated Metal Pipe Structural DeslQn

Criteria and Recommended Installation Practice,' FHWA, 1970.

2. 5' X I' CorruQated Steel Pipe <CSP) shall be equivalent to 3' X I' esp. For fill

helQhts exceeding 29 feet contact ADOT Roadway Design for equivalent

5' X l' wall thickness.

3. Ten foot maximum fTII height <12 to 36 Inch diameter) for CHDPEPP. cell class

324420c. based on 1992 AASHTO bridge specifications.

4. Fill heights shown In the tables are from top of suborade to top of pipe•

5. Shaded areas In tables Indicate pipe sizes outsIde the normal range of

selection for culvert and storm drain design.



•

•

•

TRENCH AND NON-TRENCH CONDITION
CIRCULAR CULVERT, STORM SewER AND

IRRIGATION PIPES
RANGE 1

FILL HEIGHT: GREATER THAN OR EQUAL TO I' BUT NOT EXCEEDING 3'
CSP CAP RCP NRCP NRCIPCPQ) CHDPEPP@

Old WALL
CD CD THICKNESS

In. SIze In. Size In. Class Class In.

18 ·?:~~YJ· RH~4' ::~~y.~ :q~~q:. :: ~V::~ \?):::.:':.~:::::::::. ~OK:::

21:U1v::::: ::::::~:::: :; ~V::: \?): ::::;::::~:::::::::: ~: ....

30 2%XYz 0.064 3 X 1 0.060 III 2 3 Ok

36 2%XYz 0.064 3 X 1 0.060 II 2 3 Y2 Ok

42 27"3XY2 0.064 3 X I 0.060 II @ 4

48 2%X Y2 0.064 3 X I 0.060 II CD 5

54 3 X 1(5) 0.064 3 X 1 0.060 II @ 5 Y2

60 3 X (G:: 0.064 3 X I 0.075 II CD 6

66 3 X 1(5) 0.064 3 X I 0.075 II CD 6 Y2

72 3 X Ie?: 0.064 3 X I 0.075 II @ 7
---+-----+-----+-------1

78 3 X 1(2; 0.064 3 X 1 0.075 II CD 7 Y2

84 3 X 1(5) 0.064 3 X 1 0.105 II (1) 8

90 3 X 1(2; 0.064 3 X 1 0.105 II CD 8

96 3 X 1(3) 0.079 3 X I 0.105 II CD 8 Y2

102 3 X l~ 0.079 3 X 1 0.135 II ® 9

108 3 X lG:: 0.109 3 X I 0.135 II . CD 9 Y2

114 3 X IG:: 0.109 9X2Y2 0.100 900(§) CD 10

120 3 X 1(£ 0.109 9X2 Y2 0.100 900(§) (1) 10 Y2

CD CORRUGATION SIZE IN INCHES: 2¥:5'XY2' = 2¥:5XYz. 3'XI' = 3XI. ETC.
~ NOT APPLICABLE FOR THIS INSTALLATION. USE OTHER EOUAL ALTERNATIVES.
Q) NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS. OR

NON- TRENCH CONDITION.
@ CELL CLASS NO. 324420C.

® S' X I' CORRUGATION SHALL BE EQUIVALENT TO 3' X I'.

@ SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT1FT -DIA.) TO PRODUCE

A .01" CRACK.



,0 TRENCH AND NON-TRENCH CONDITION
CIRCULAR CULVERT, STORM' SEWER AND

IRRIGAnON PIPES
RANGE 2

FILL HEIGHT: GREATER THAN 31BUT NOT EXCEEDING 51
CSP CAP RCP NRCP NRCIPCpcrJ CHDPEPP@

Dla WALL
CD CD THICKNESS

In. Size In. SIze In. Class Class In.

15 :~~Vi PH~4: i~~y.~ :Ph9~P:' Hi:Ii i : :::iii::iii i:,','i~i::::':: :i iiiidK:'
18~¥:l~Y~' RH~4: :~~% :ol.Q~~{: ::]1' :i:::i:@::H:i : :dK"

OK

30 i27"3 XYz 0.064 3 X I 0.060 II 3
I

OK

OK3 X I 0.060 II 3 Yz
3 X I 0.060 II @ 4

3 X I 0.060 II @ 5

3 X I 0.060 II @ 5 Yz
3 X I 0.075 II @ 6

3 X I 0.075 II @ 6 Yz
3 X I 0.075 II @ 7

3 X I 0.075 II @ 7 Yz
3 X I 0.105 II @ 8

3 X 1 0.105 II @ 8

3 X 1 0.105 II @ 8 Yz
3 X 1 0.135 II ~ 9

3 X I 0.135 II ~ 9 Yz

9X2Yz 0.100 900® ~ 10

9X2Yz 0.100 900® ~ 10 Yz

108 3 X I(j) 0.109

102 3 X t® 0.079

96 3 X pi) 0.079

90 3 X I~ 0.064

120 3 X 1(5) 0.109

1t4 3 X 1(2) 0.109

72 i3 X lCiJ 0.064

66 3 X 1(5) 0.064

60 3 X {-2J 0.064

54 3 X [G: 0.064

78 3 X I~ 0.064

84 3 X I~ 0.064

42 27"3XYZ 0.064
-.+---+----+---+---+----+--+------t----+----------j

48 27"3 XYz 0.064

•

•

Q) CORRUGATION SIZE IN INCHES: 27'3 I XY2" = 27'3XY2, 3"XI" = 3XI, ETC.
(2) NOT APPLICABLE FOR THIS INSTALLA TION USE OTHER EQUAL ALTERNATIVES.

Q) NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR
NON- TRENCH CONDITION.

@ CELL CLASS NO. 324420C

~ S" X I" CORRUGATION SHALL BE EQUIVALENT TO 3" X I"•

@ SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT1FT-DIAl TO PRODUCE

A .01" CRACK.



•
TRENCH AND NON-TRENCH CONDITION

CIRCULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 3
FILL HEIGHT: GREATER THAN 5' BUT NOT EXCEEDING 8'

CSP CAP RCP NRCP NRCIPCPQ) CHDPEPP(!)

Dla WALL
<D CD THICKNESS

In. Slze In. Slze In. Class Class In.

12?~*rfpjq~~: :~~~y.~ ~~q~: :::::::i~H·:':·~·:·:,,·

OK

:::: :::::::::: ::::::::::: .

24 2¥JXYz 0.064 2¥JXYz 0.060 II 2 !::.::!.~, .

15?¥j'X%P~~4: .~~y:! q~~q: ·:: ..,~:n
182r.1Xy~ PH~4 :'~~Y2 q~~p :.:' .. ~::.'
21(VH:::::~::::: :Hi ':: ::'''®'''H®H

30 2Y'3X Yz 0.064 3 X I 0.060 II 2 3 OK

•
54 3 X (£ 0.064

60 3 X 1(2) 0.064

66 3 X 10) 0.064

72 3 X 1(5) 0.064

78 3 X 1~ 0.064

84 3 X l~ 0.064

90 3 X 1(2) 0.064

96 3 X 1(5) 0.079

102 3 X 1(2) 0.079

108 '3 X 1(5) 0.109

114 3 X (0) 0.109

120 I 3 X 10) 0.109

3 X I 0.060 II 2 3 Yz
3 X I 0.060 II @ 4

3 X I 0.060 II @ 5

3 X I 0.060 II @ 5 Yz
3 X I 0.075 II @ 6

3 X I 0.075 II @ 6 Yz
3 X I 0.075 II @ 7

3 X I 0.075 II 0 7 Yz

3 X I 0.105 II @ a
3 X I 0.105 II @ 8

3 X I 0.105 II @ 8 Y2
3 X I 0.135 II @ 9

3 X I 0.135 II @ 9 Yz

9X2Y2 0.100 900® @ 10

9X2Y2 0.100 900® 0 10 Yz

OK

•

Q) CORRUGATION SIZE IN INCHES: 21'3 'X Y2' = 21'3 XY2. 3'XI' = 3XI, ETC.

e?) NOT APPLICABLE FOR THIS INS TALLA TION USE OTHER EOUAL AL TERNA TIVES.

Q) NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR

NON- TRENCH CONDITION.

@ CELL CLASS NO. 324420C

@ S' X I" CORRUGATION SHALL BE EOUIVALENT TO 3' X I'.

e§) SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT1FT-DIAl TO PRODUCE

A .01' CRACK.



•
TRENCH CONDITION· AND NON-TRENCH

CIRCULAR CULVERT, STORM SEWER AND
IRRIGAnON PIPES

RANGE 4
FILL HEIGHT: GREATER THAN 8' BUT NOT EXCEEDING 11'

CSP CAP RCP NRCP NRCIPCPQ) CHDPEPP@

•

Dla

In. SlzeCD In. SlzeQ) In.

18 ?'¥,s~y~~ AH~~4~: i~~r2 ql,~q:

21 H::®!!: ::!::~Hi:

2'1 27"3 XYz 0.06'1 27"3 XYz 0.060

30 27"JXYz 0.064 3 X I 0.060

36 27"JX Yz 0.064 3 X I 0.060

42 2¥JXYz 0.064 3 X 1 0.060

48 27"JX Yz 0.064 3 X I 0.060

54 3 X {~ 0.064 3 X I 0.060

60 3 x I® 0.064 3 X I 0.075

66 3 X I® 0.064 3 X I 0.075

72 3 x I® 0.064 3 X I 0.075

78 3 X {~ 0.064 3 X I 0.075

84 3 X I® 0.064 3 X I 0.105

90 3 x I® 0.064 3 X I 0.105

96 3 X I® 0.079 3 X I 0.105

102 3 X I® 0.079 3 X I 0.135

108 3 X I® 0.109 3 X I 0.135

114 3 X I® 0.109 9X2Yz 0.100

120 3 X I® 0.109 9XZYz 0.100

WALL
THICKNESS

Class Class In.

(~I' i: :~i·.: :",::=[(~::."

ill ::2< ': !Hi®:H

III 0 3

III 0 4

III 0 5

III 0 6

III 0 7

III 0 8

III 0 8

I] 0 9

945<1> 0 10

~~~::
:~::

OK (2)

OK~

OK (2)

•

CD CORRUGATION SIZE IN INCHES: 20/3'XYz' = 27'3XYZ, 3'X\' = 3X\, ErC.
CV NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.

Q) NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR
NON- TRENCH CONDITION.

@ CELL CLASS NO. 324420C.
® MAX FILL HEIGHT \0'

® s' X \' CORRUGATION SHALL BE EQUIVALENT TO 3' X \'.

(j) SPECIAL DESIGN MUST MEET INDICA TED D-LOAD (LB/LFT1FT-DIA) TO PRODUCE
A .0\' CRACK.



•
TRENCH CONDITION AND NON-TRENCH

CIRCULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 5
FILL HEIGHT: GREATER THAN 11' BUT NOT EXCEEDING 15'

CSP CAP RCP NRCP NRCIPCPQ)

Dla WALL
(}) CD THICKNESS

In. Size In. SIze 1 In. Class Class In.

18~rJ~v~q~(}6,4,~~XX~ q;R~P iv.' ®! .",:0'
21::.:®' ';.. ':::(1):: iy~: '::::~!!

30 2%XYz 0.064 3 X 1 0.060 IV @ 3

36 27'3XYZ 0.064 3 X I 0.060 IV @ 3 Yz

42 27'3XYz 0.064 3 X I 0.060 IV @ 4

48 2%X Yz 0.064 3 X I 0.060 IV @ 5

54 3 X I@ 0.064 3 X 1 0.060 IV @ 5 Yz

60 3 X I® 0.064 3 X 1 0.075 IV @ 6

66 3 Xl@; 0.064 3 X I 0.075 IV @ 6 Yz

72 3 X 1@ 0.064 3 X 1 0.075 IV @ 7

78 3 Xl@:; 0.064 3 X I 0.075 IV @ 7 Yz

84 3 Xl@: 0.064 3 X I 0.105 IV @ 8

90 3 X 1@ 0.064 3 X I 0.105 III @ 8

96 3 X 1@ 0.079 3 X I 0.105 III ® 8 Yz

102 3 X l@ 0.079 3 X I 0.135 III ® 9

108 3 X 1@ 0.109 3 X 1 0.135 III ® 9 Yz

114 3 X 1® 0.109 9X2Yz 0.100 1260(5) ® 10

120 3 X 1® 0.109 9X2Yz 0.100 1245(5) @ 10 Yz

CD CORRUGATION SIZE IN INCHES: 2%'X Yz' = 2%X Yz, 3'XI' = 3XI, ETC.

~ NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES.

Q) NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR

NON- TRENCH CONDITION.
@ S' X I" CORRUGATION SHALL BE EOUIVALENT TO 3' X I'.

@ SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT1FT-DIAl TO PRODUCE

• A .01' CRACK.



TRENCH CONDITION
CIRCULAR CULVERT, STORM SEWER AND

IRRIGATION PIPES
RANGE 6

FILL HEIGHT: GREATER THAN 15' BUT NOT EXCEEDING 20'
CSP CAP RCP NRCP NRCIPCPG)

Dla WALL

In. SlzeCD srzeCD Class
THICKNESS

In. In. Class In.

12 :2~~y.t. qjq~#~~ :~~~Xy.~ :Ph()~P: HID:: :H::®~:::. . ...... .... . .. ... ..

15 '~~~y~ p'~~~.: ~~~xYz :q;q~q: :®: :H:®~
..................

~~%~jt2
................

:f~!~yi q;q~p: ~V ® ~~~::®::.::18 p~{}~~ 2~ ........................
:." .... : ..... ::

~::':~::H ®~ ~::::®HH:H~21 @ .... iv:~~;).' ::~Tf ....., ..... ............

24 27'3 XYz 0.064 27'3 XYz 0.060 IV (g) i:::®:::..................

30 27'3 XYZ 0.064 3 X 1 0.060 IV (g) 3

36 27'3 XYz 0.064 3 X 1 0.060 IV (g) 3 Yz
42 2%XYz 0.064 3 X 1 0.060 IV (g) 4

48 27'3 XYZ 0.064 3 X I 0.060 IV (g) 5

54 3 X {fY 0.064 3 X I 0.060 IV (g) 5 Yz• GO 3 X 1(9; 0.064 3 X I 0.015 IV (g) G

6G 3 X 1(9; 0.064 3 X I 0.015 IV (g) 6 Y2
12 3 X I~ 0.064 3 X I 0.015 IV (g) 1

78 3 X I~ 0.064 3 X I 0.015 IV (g) 1 Yz
84 3 X [® 0.064 3 X I 0.105 IV (g) 8'

90 3 X leg; 0.064 3 X 1 0.105 11001J) (g) 8

96 3 X Ie§; 0.079 3 X I 0.105 I6851J) (g) 8 Yz ®

102 3 X I(§; 0;019 3 X I 0.135 16101J) (g) 9 ®

108 3 X I(§) 0.109 3 X I 0.135 I6601J) (g) 9 Yz ®

114 I3 X ICE) 0.109 9X2Yz 0.125 1610 IJ) (g) 10 ~

120 3 X [® 0.109 9X2Y2 0.125 1605Q) (g) 10 Yz~

•

CD CORRUGATION SIZE IN INCHES: 27'3"XYZ" = 27'3XYZ. 3"Xl" = 3Xl. ETC.

CD NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES.

G) NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS.

@ MAXIMUM FILL HEIGHT 19'

® MAXIMUM FILL HEIGHT 18'

® 5" X I" CORRUGATION SHALL BE EOUIVALENT TO 3" X I"•

G) SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT1FT -DIAl TO PRODUCE

A .01" CRACK.



•
NON-TRENCH CONDITION

CIRCULAR CULVERT, STORM SEWER AND
IRRIGAliON PIPES

RANGE 6
FILL HEIGHT: GREATER THAN 15' BUT NOT EXCEEDING 20'

CSP CAP RCP NRCP

•

Dla

In. SlzeCD In. SlzeCD In.

12 :~~~ri.§.q~#:, :~~~Xy.~ :qiP~q

15 '~o/.j~X2' ,p~~~, :~~SXy.z :q;p~q'

:~~~y~ p~~~~', ""0/:"":%' :PH6,~R'18 f?~Xj

21 :®:~ H<EC:.................

24 2%XYz 0.064 2¥3 XYZ 0.060

30 2¥3 XYZ 0.064 3 X I 0.060

36 2¥3 XYZ 0.064 3 X 1 0.060

42 2¥JXYz 0.064 3 X I 0.060

48 2¥3 XYZ 0.064 3 X I 0.060

54 3 X 10:: 0.064 3 X I 0.060

60 3 x IQ) 0.064 3 X 1 0.075

66 3 X IQ) 0.064 3 X I 0.075

72 3 x IC) 0.064 3 X I 0.075

78 3 X 10) 0.064 3 X I 0.075

84 3 X Ie: 0.064 3 X I 0.105

90 3 X I(J; 0.064 3 X I 0.105

96 3 X IQ: 0.079 3 X 1 0.105

102 3 X la: 0.079 3 X I 0.135

108 3 X 10) 0.109 3 X 1 0.135

114 3 X 10: 0.109 9X2Yz 0.125

120 3 X 1(J; 0.109 9X2Yz 0.125

Class Class

Av,:;:
::®,'"
:®::
~~~:

IV ®
IV ®
IV ®
IV ®
IV ®
IV ®
IV ®
IV ®
IV ®
IV ®
IV ®

1785(1) ®

•

CD CORRUGATION SIZE IN INCHES: 2%·XYz· = 27'3XYZ. 3·XI· = 3XI. ETC.

® NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES.

G) 5· X I· CORRUGATION SHALL BE EOUIVALENT TO 3· X I·.

@ SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT 1FT -DIAl TO PRODUCE

A .01· CRACK.



•
TRENCH CONDITION

CIRCULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 7
FILL HEIGHT: GREATER THAN 20' BUT NOT EXCEEDING 25 1

CSP CAP RCP NRCP NRCIPCPQ)

Dla WALL
CD CD THICKNESS

In. Size In. SIze I In. Class Class In.

18 ·~~~X2'§.q~ ,:?~~~y'2 P~~R

21.':::.~::!:: j!:::~::!:::
:::::::::::::::::

:@..... :::::::::::::®..... ::::::::::

~ ;:. .) ~ ~ TTn.' :TjTn~

<n :., .....~., ..
~ .:!j,H:v!:,:··

24 2¥3XYZ 0.064 2¥3XYZ 0.060 v

3

3 Yz

30 2¥3X Yz 0.064 3 X I 0.060

36 2¥3 XYz 0.064 3 X I 0.060

v
IV

o
-+---t------+------1o

!

I
I

I

4

5

6 ®

7 ~

5 Yz

6 Yz ~

o
-+---t------+------j

o

V

V

V

V

V

IV

199s<D

2010(1)

202cfD

2075(1)

48 2¥3 XYz 0.064 3 X I 0.060

42 2%XYz 0.064 3 X I 0.060

72 3 X 1(9) 0.064 3 X I 0.075

78 3 X I~ 0.064 3 X 1 0.075

54 3 X l~ 0.064 3 X I 0.060

60 3 X 1<fi; 0.064 3 X I 0.075

90 3 X 1<9: 0.064 3 X I 0.105

66 3 X 1® 0.064 3 X I 0.075

84 3 X I® 0.064 3 X I 0.105

96 3 X 1<9': 0.079 3 X I 0.105

114 3 X 1(9) 0.109 9XZYz 0.150

102 3 X I~ 0.079 3 X I 0.135

120 3 X I® 0.109 9X2Yz 0.150

108 3 X (® 0.109 3 X I 0.135

•

•

CD CORRUGATION SIZE IN INCHES: 27";,°XYzo = 27";,XYz. 3°XIo = 3XI. ETC.

® NOT APPLICABLE FOR THIS INS TALLA TION USE OTHER EOUAL AL TERNA TIVES.

® NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE IN'ST ALLA nONS.

@ MAXIMUM FILL HEIGHT 24'

® MAXIMUM FILL HEIGHT 21'

® 5° X 1° CORRUGATION SHALL BE EOUIVALENT TO 3" X 1°.

G) SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT1FT-DIAl TO PRODUCE
A .01° CRACK.



NON-TRENCH CONDITION
CIRCULAR CULVERT, STORM SEWER AND

IRRIGAnON PIPES
RANGE 7

FILL HEIGHT: GREATER THAN 20' BUT NOT EXCEEDING 25'
CSP CAP RCP NRCP

Dla

In. SlzeCD In. SlzeCD In. Ciass lass

12 :~~~r.i. ::q~q~4: :~~~~y.~ tL~b :®
IS '~%XY~: q~~~~: :~~~¥y~ q;q~q:. X~):

IS ~~y~: q~~~: f~~¥Y~ :q.q~q, @l
''':~:::::,

llilliJlllil :@LT :@:21 :\~::H

24 2%XYz 0.064 2¥3 XYZ 0.060 V (l)

30 2%XYz 0.064 3 X I 0.060 V ®
36 27"3 XYz 0.064 3 X 1 0.060 V I ®
42 2¥3 XYz 0.064 3 X 1 0.060 V ®
48 27"3 XYz 0.064 3 X 1 0.060 V (l)

54 3 X Ie: 0.064 3 X I 0.060 V (l)• 60 3 X IQ; 0.064 3 X 1 0.075 V ®
66 3 X Ie: 0.064 3 X I 0.075 V

,
(l)I

72 3 X IQ; 0.064 3 X I 0.075 V (l)
IQ; 2275®

--
78 3 X 0.064 I 3 X I 0.075 (l)

84 3 X IQ; 0.064 3 X I 0.105 2240@ ®
90 3 X 1($ 0.064 3 X I 0.105 2250® ®
96 3 X al 3 X I 0.105 2245@ ®I ,0.079

102 3 X la: 0.079 3 X I 0.135 2210® ®
lOS 3 X IQ: 0.109 3 X I 0.135 2235@ ®
114 3 X laJ 0.109 9X2Yz 0.150 2180@ (l)

120 3 X 1(£ 0.109 9X2Yz 0.150 21S#l ®

•

CD CORRUGATION SIZE IN INCHES: 2%"XYz" = 2%XYz. 3"X'" = 3XI. ETC.
C?) NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES.

® 5" X '" CORRUGATION SHALL BE EOUIVALENT TO 3" X'".
@ SPECIAL DESIGN MUST MEET INDICATED D-LOAD <LB/LFT1FT -DIAl TO PRODUCE

A .01" CRACK•



TRENCH CONDITION
CIRCULAR CULVERT, STORM SEWER AND

IRRIGATION PIPES
RANGE 8

FILL HEIGHT: GREATER THAN 25' BUT NOT EXCEEDING 30'
CSP CAP RCP NRCP NRCIPCP(])

Dla WALL
Q) Q) THICKNESS

In. Size In. Size I In. Class Class In.

12~r~~Yi, ip;8~~:' :~fr3#,¥.Z A~~8: ~~';; '.' ·
15 ;2~#r.;l A~P*4:. ,;~¥~~y~ RH~P~L

18 ,~~~Y~, AH~~:: ;'~¥~~~~ £'8~~ .~"

•

21 :':'::~,,::: jW,~:::j: ::~::::~~,:~,;, :~''',
24 2¥JX Yz 0.064 27'3X Yz 0.060 V @

30 27'3 XYz 0.064 3 X 1 0.060 V @

36 27'JX Yz 0.064 3 X 1 0.060 V @

42 27'JX Yz 0.064 3 X 1 0.060 V ®
48 27'JX Yz 0.064 3 X 1 0.060 V ®
54 3 X 1(5: 0.064 3 X 1 0.060 V ®
60 3 X 1(5: 0.064 3 X 1 0.075 V ®
66 3 X 1cs: 0.064 3 X 1 0.075 V @

72 3 X 1($ 0.064 3 X 1 0.075 V ®
78 3 X 1cs: 0.064 3 X 1 0.075 2380(9) ®
84 3 X 1(£ 0.064 3 X 1 0.105 236~ ®
90 '3 X 1C5: 0.064 3 X 1 0.105 234~ ®
96 3 X 1C5: 0.079 3 X 1 0.105 233~ ®

102 3 X 1(5: 0.079 3 X 1 0.135 232~ @

108 3 X 1cs: 0.109 3 X 1 0.135 2310 6 ~

114 3 X 1(5: 0.109 9X2Yz 0.150 224~ @

120 3 X 1(5: 0.109 9X2 Yz 0.150 2240@ @

3

3 Yz
4

5

5 Yz ®

•

CD CORRUGATION SIZE IN INCHES: 2¥J·xyz· = 2¥Jxyz. 3·XI· = 3XI. ETC.
® NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.

CD NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS.
o MAXIMUM FILL HEIGHT 26'
® S· X I· CORRUGATION SHALL BE EQUIVALENT TO 3· X I· FOR FILL HEIGHTS NOT

EXCEEDING 29 FEET, FOR FILL HEIGHTS EXCEEDING 29 FEET CONTACT

ADOT ROADWAY DESIGN FOR EQUIVALENT S· X I· WALL THICKNESS.

® SPECIAL DESIGN MUST MEET (NDIC
A .01" CRACK.



•
NON-TRENCH CONDITION

CIRCULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 8
FILL HEIGHT: GREATER THAN 25' BUT NOT EXCEEDING 30'

CSP CAP RCP NRCP

Dia

In. srzeCD In. SizeCD In. Class Class

••~@
.@),

•

24 2~3XYz 0.064 2¥JXYz 0.060 v
30 27",X Yz 0.064 3 X I 0.060 V

36 2¥JXYz 0.064 3 X I 0.060 v

42 27",X Yz 0.064 3 X I 0.060 V

48 2¥JXYz 0.064 3 X 1 0.060 V

54 3 X 10: 0.064 3 X I 0.060 V

60 3 X leI 0.064 3 X I 0.075 V

66 3 X 10: 0.064 3 X I 0.075 V

72 3 X 1<.1 0.064 3 X I 0.075 V

78 3 X 1<.1 0.064 3 X I 0.075

84 3 X IG: 0.064 3 X I 0.105

90 3 X la 0.064 3 X I 0.105

96 3 X la 0.079 3 X I 0.105

102 3 X IQ) 0.079 3 x I 0.135

108 3 X IQ: 0.109 3 x 1 0.135

114 3 X Ie: 0.109 9X2W 0.150

120 3 x 10: 0.109 9X2 YzQ; 0.150

•

CD CORRUGATION SIZE IN INCHES: 27'3"XYZ· = 27'3XYZ. 3"Xl" = 3Xl. ETC.
eD NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.

G) 5" x I" CORRUGATION SHALL BE EQUIVALENT TO 3" X I" FOR FILL HEIGHTS NOT

EXCEEDING 29 FEET. FOR FILL HEIGHTS EXCEEDING 29 FEET CONTACT

ADOT ROADWAY DESIGN FOR EQUIVALENT 5' X I" WALL THICKNESS.



•

•

TRENCH CONDITION
CIRCULAR CULVERT, STORM SEWER AND

IRRIGATION PIPES
RANGE 9

FILL HEIGHT: GREATER THAN 30' BUT NOT EXCEEDING 40'
CSP CAP RCP NRCP NRCIPCPQ)

Dia WALL
CD CD THICKNESS

In. SIze In. SIze I In. Class Class In.

12Z%~Yt q.p~+?~~~y'2RH~q) if·: .~.·:.H®::'
15~~~V.2R~~4 .?¥~~y'2 RH~q· (g), •. ::.@ ..j•••

18 2u XI;~ 0064 .'.2:':: :.:<'1.~.':. x,'.:::'':' •. 1/..''.:.' >;.''.' :o·::~:0:'':': 6:'':' .'. D.·.·: ':':H;\or::> fti\ . ': .: ': ::: I?:'i::.2'.. ':.: .::!J'J": :,::~::,:::,: 7::' l:i: ,\6J ~

21 y®> H®:j': ~ .:@, ••• :

3 X I 0.060

3 X I 0.060

3 X I 0.060

3 X I 0.060

3 X I 0.075

3 X I 0.075

3 X I 0.075

3 X I 0.105

3 X I 0.105

84 3 X 1 0.079 3 X I 0.105

90 3 X I 0.079 3 X I 0.105

96 3 X I 0.\09 3 X I 0.135.
102 3 X I 0.109 3 X I 0.135

108 3 X I 0.109 3 X 1 0.135

114 3 X I 0.109 9X2Yz 0.200

120 3 X 1 0.109 9X2Y2 0.200

2870~ ® ®

2785(5) ® ®
2790~ ® ®

•

CD CORRUGATION SIZE IN INCHES: 27"J'XYz' = 27"JXYz. 3'XI' = 3XI. ETC.
(1) NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL AL TERNA TlVES.

CD NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS

CD MAXIMUM FILL HEIGHT 38'

® SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT1FT-DiAl TO PRODUCE

A .01' CRACK.



•
NON-TRENCH CONDITION

CIRCULAR CULVERT, STORM· SEWER AND
IRRIGATION PIPES

RANGE 9
FILL HEIGHT: GREATER THAN 30' BUT NOT EXCEEDING 40'

CSP CAP RCP NRCP

Dla

In. SlzeCD In. SlzeCD In. Class Class

182¥i~r:! qL,~~ ~¥.~X;V2P;96,P .. @:•• :~,.~.

21 L®. ::H];t:: L,':,': .,.<V:: :~:'

0.109 3 X I 0.135

0.109 9X2 Y2 0.200

2o/JXY2 0.060

3 X I 0.060

3 X 1 0.060

3 X 1 0.060

3 X I 0.060

3 X I 0.075

3 X 1 0.075

3 X I 0.075

3 X 1 0.105

3 X 1 0.105

3 x 1 0.105

3 X I 0.105

3 X 1 0.135

3 X 1 0.1350.109

0.109 i 9X2 Y2 0.200

54 3 X I

• 60 3 X I

66 3 X I

72 3 X I

78 3 X I

84 3 X I

90 3 X I

96 3 X I

102 3 X I

108 3 X 1

114 3 X 1

120 3 X 1

CD CORRUGATION SIZE IN INCHES: 27"J"XY2" = 27"JXYz. 3"Xl" = 3Xl, ETC.

eD NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES.

•



•
TRENCH CONDITION

CIRCULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 10
FILL HEIGHT: GREATER THAN 401 BUT NOT EXCEEDING 55 1

CSP CAP RCP NRCP NRCIPCPQ)

Dla WALL

SlzeQ) SlzeCD THICKNESS
In. In. In. Class Class In.

~¥3~y'f .~.p~~ ~~!l*=Y~ '~~q@ ®" ® ""'''''@''''''''''12 .~:: ~j.:":.: T:: pu[Ur[::· "TTT~
............

'~~~y~ q~~$q dv' :""::"@"15 ?7'Jry':i PH?~~
......... .. .....
~HHH~~::· :.~~

18 ,?~~)t2 q;b~4 ~~~~XI1 p~{}~q : ':v::: T@ :,~.

® ® ®H: "'''''''®''''''21 :<2: THT:> :.<T ..

27"3 XYZ 27"3 XYz @
:::::::.:@,:: .. :::::

24 0.064 0.060 V ~HiT~: .. :)T:·~;~

30 27"3 XYz 0.064 3 X I 0.060 V @ 3

36 2%XYz 0.064 3 X I 0.060 V @ 3 Yz
42 27"3 XYz 0.064 3 X I 0.075 V @ @

48 3 X I 0.064 3 X I 0.075 @ @ @

54 3 X I 0.079 3 X I 0.105 @ @ @

• 60 3 X I 0.079 3 X I 0.105 @ @ @

66 3 X I 0.079 3 X 1 0.105 ® ® @

72 3 X 1 0.109 3 X 1 0.135 @ @ @

78 3 X 1 0.109 3 X 1 0.135 @ @ @

84 3 X 1 0.109 3 X 1 0.135 ® @ @

90 3 X 1 0.109 3 X 1 0.135 ® @ ®
96 3 X I 0.138 9X2Yz 0.225 ® ® @

102 3 X 1 0.138 9X2Yz 0.250 ® ® ®
108 3 X I 0.138 9X2Yz 0.250 ® ® ®
114 3 X 1 0.138 ® ® ® ®
120 3 X 1 0.138 @ ® ® @

CD CORRUGATION SIZE IN INCHES: 2%"XYz" = 27"3XY2. 3"XI" = 3Xl, ETC.

CD NOT APPLiCABLE FOR THIS INS TALL ATION USE OTHER EOUAL AL TERNATIVES.

CD NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS•

•



•
NON-TRENCH CONDITION

CIRCULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 10
FILL HEIGHT: GREATER THAN 40' BUT NOT EXCEEDING 55'

CSP CAP RCP NRCP

Dla

In. SlzeCD In. srzeCD In. Class Class

12 2.~~~r~ :~~p~~ :i~~*y~ R~~O ® T®>....

15 2~X.V: R.~~j 2!,3~y'2 RH():6P .. ® (Y .
:..... :::".:~: .....

18 ~15~r.z p~~~ g¥3~Y.2 p~~p ® ®.

21 .... @. :j :::::w:::::: ® ::.\i)::::L~ ~ :: .' '.;::: ~ : ....

24 27'3 XY2 0.064 27'3 XY2 0.060 ® ®
30 27'3 XY2 0.064 3 X 1 0.060 ® @

36 27'3 XY2 0.064 3 X 1 0.060 ® ®
42 20/3XY2 0.064 3 X 1 0.075 ® @

48 3 X 1 0.064 3 X 1 0.075 ® ®
54 3 X 1 0.079 3 X 1 0.105 ® ®

• 60 3 X 1 0.079 3 X 1 0.105 @ ®
66 3 X 1 0.079 3 X 1 0.105 @ @

72 3 X 1 0.109 3 X 1 0.135 ® @

78 3 X 1 0.109 3 X 1 0.135 ® ®
84 3 X 1 0.109 3 X 1 0.135 ® ®
90 3 X 1 0.109 3 X 1 0.135 ® ®
96 3 X 1 0.138 9X2Y2 0.225 ® ®

102 3 X 1 0.138 9X2Yz 0.250 ® ®
108 3 X 1 0.138 9X2Yz 0.250 ® ®
114 3 X 1 0.138 ® ® ®
120 3 X 1 0.138 ® ® ®

CD CORRUGATION SIZE IN INCHES: 2%"X Yz" = 2¥3X Yz. 3 "Xl" = 3Xl. ETC.
CD NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES•

•



•
TRENCH CONDITION

CIRCULAR CULVERT, STORM· SEWER AND
IRRIGAliON PIPES

RANGE 11
FILL HEIGHT: GREATER THAN 55' BUT NOT EXCEEDING 70'

CSP CAP RCP NRCP NRCIPCPQ)

Dla WALL

In. SlzeCD In. SlzeCD In. Class Class THICI~~ESS

18~~~Yi::q~p~#i::~~~*y.~: :q;p~q: :: :::Y:: : ~::::: :::~::: iii:::
21 ::.~';'::;: :!:::~:::!:' : ::v: : ~i:::: i::~$.),:: :.. ::

30 2%X Yz 0.064 3 X 1 0.060 V ® 3

36 2%X Yz 0.064 3 X 1 0.075 V ® 3 Yz

42 3 X 1 0.079 3 X 1 0.105 ® @ ®
48 3 X 1 0.079 3 X 1 0.105

54 3 X 1 0.109 3 X 1 0.135• 60 3 x 1 0.109 3 X 1 0.135

66 3 X 1 0.109 3 X 1 0.135

72 3 X 1 0.109 9X2Yz 0.225

78 3 X 1 0.138 9X2Yz 0.225

84 3 X 1 0.138 9X2Yz 0.250

90 3 X I 0.138 ®
96 3 X 1 0.168 ®

102 3 x 1 0.168 ®
1081 3 x 1 0.168 ®
114 3 X I 0.168 ®
120 6 x 2 0.249 ®

® ® ®

® ® (?)

® ® (?)

® ® ®
® ® ®
® ® ®
® ® (?)

® ® ®

•

CD CORRUGATION SIZE IN INCHES: 2%'XY2' = 2%XY2, 3'Xl' = 3Xl, ETC.
eD NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES.

o NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INS TALL AnONS.



•
NON-TRENCH CONDITION

CIRCULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 11
FILL HEIGHT: GREATER THAN 55' BUT NOT EXCEEDING 70'

CSP CAP RCP NRCP

Dla

"In. SlzeCD In. SlzeCD In. Class Class

18 "~~~r.i ::~jp:~#: ~¥'~~y'2 ~~~~"" 'tV ®:
21:";~.::::::::@):::: ~ (g):.
24 2¥:3x Yz 0.064 27"JX Yz 0.060 ® @

30 27"JXYz 0.064 3 X 1 0.060 ® @

36 2¥:3XYz 0.064 3 X 1 0.075 ® @

42 3 X 1 0.079 3 X 1 0.105

48 3 X 1 0.079 3 X 1 0.105

54 3 X 1 0.109 3 X 1 0.135

60 3 X 1 0.109 3 X 1 0.135

66 3 X 1 0.109 3 X 1 0.135

72 3 X 1 0.109 9X2Yz 0.225

78 3 X 1 0.138 9X2Yz 0.225

84 3 X 1 0.138 9X2Yz 0.250

90 3 X 1 0.138 @

96 3 X 1 0.168 @

102 3 X I "0.168 @

108 3 X 1 0.168 ®
114 3 X 1 0.168 ®
120 6 X 2 0.249 ®

® ®
® @

•

CD CORRUGATION SIZE IN INCHES: 2¥J"XYz" = 27"3XYZ. 3"XI" = 3Xl. ETC.
eD NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL AL TERNA TlVES •



•

•

•

TRENCH .CONDITION
CIRCULAR CULVERT, STORM SEWER AND

IRRIGATION PIPES
RANGE 12

FILL HEIGHT: GREATER THAN 70' BUT NOT EXCEEDING 90'
CSP CAP RCP NRCP NRCIPCPQ)

Dla WALL
Slze(J) Slze<D

THICKNESS
In. In. In. Class Class In.

12 2o/:X)1;' ~qjp~1j :?o/.~*y.~: ~~o.e& ~: ::®:: ~::~::.. ·30: :~ ...

IS 2%XJl2 :0.1064 '2&:'x,ilF :01060 ® H~F '::~H: : ·3· : ·2: ...

18 2¥3 XY2 0.064 2¥3 XYZ 0.060 V ~ ~

21 (6) ~ V ~ ~

24 2¥3 XYZ 0.064 2%XYz 0.075 ~ ~ ~

30 2¥3 XYz 0.079 2¥3 XYz 0.105 ~ @ 3

36 3 X I 0.079 2%XYz 0.105 @ ~ 3 Y2

42 3 X 1 0.109 3 X 1 0.135 ~ ~ @

48 3 X 1 0.109 3 X 1 0.135 (f) ~ ~

54 3 X 1 0.109 3 X 1 0.135 ~ ~ (Z)

60 3 X 1 0.138 9X2Yz 0.225 ® ~ ®
66 3 X 1 0.138 9X2Yz 0.250 @ ~ (6)

72 3 X 1 0.138 @ ® (f) ®
78 3 X 1 0.168 (Z) (f) ~ ~

84 3 X 1 0.168 ~ (f) (6) (f)

90 3 X 1 0.168 ® ~ ~ (f)

96 6 X 2 0.249 ® (f). (f) (f)

102 6 X 2(£ 0.280 ~ (i) ~ ®
108 6 X 2(£ 0.280 ® ~ .~ ~

114 6 X~ 0.280 ~ ~ (f) ®
120 6 X~ 0.280 (6) (f) ~ ®

CD CORRUGATION SIZE IN INCHES: 27':5 "X Y2" = 2¥3X Y2. 3"XI" = 3Xl. ErC.
o NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
G) NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTAllATIONS.

8) SIX BOLTS PER FOOT.



•
NON-TRENCH CONDITION

CIRCULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 12
FILL HEIGHT: GREATER THAN 70' BUT NOT EXCEEDING 90'

CSP CAP RCP NRCP

OIa

In. SlzeCD In. SlzeCD In. Class Clast:

18 ~g¥;~Yz~.q~~: :~~jXW.2 p~~p: :.'®:::~ ~..

21:~:::"~:' ........~~. (g)
24 2¥3X Yz 0.064 2¥JX Yz 0.075 (2) (2)

f---.-+--t---+----t---+----+--.l-------+------+------1
30 2o/3XYZ 0.079. 2o/3XYZ 0.105 (£) (£) I

+---+---+--.-+.---+-_. f------t--4--- --l----- ----t-.----
36 3 X 1 0.079 2o/3 XYZ 0.105 (£) (£)

42 3 X 1 0.109 3 x 1

48 3 X 1 0.109 3 X 1

54 3 X 1 0.109 3 X 1• 60 3 X 1 0.138 9X2Yz

66 3 X 1 0.138 9X2Yz

72 3 X 1 0.138 <Z)

78 3 X 1 0.168 (f)

84 3 X 1 0.168 (2)

90 3 X 1 0.168 (f)

96 6 X 2 0.249 (6)

102 6 X 2 0.280 ~

108 6 X {I- 0.280 (f)

114 6 X {J 0.280 (Z)

120 6 X 2G: 0.280 ~

0.135 (£) (£)

0.135 ~ (f)

0.135 (£) (£)

0.225 (f) (f)

0.250 (£) ~

•

CD CORRUGATION SIZE IN INCHES: 2o/:,"XYz" = 27"3XYZ. 3"Xl" = 3Xl. ETC.
o NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES.
Q) SIX BOLTS PER FOOT.



I TABLE IA

CORRUGATED, STEEL PIPE ARCH 2 9'3- X 1/2- CORRUGATIONS
RIVETED, WELDED OR LOCK SEAM FABRICATION

H-20 LOADING

FILL HEIGHTS TO TOP OF SUBGRADE - FT.

SIZE - INCHES
OPENING CORNER

MAXIMUM CORNER PRESSURE - 4000 LBS / SQ. FT.
RADIUS

16 G". - .064" 14 G". - .079" 12 G". - .109" 10 G". - .138" 8 G". - .168"
SPAN X RISE

AREA

sa. FT. INCHES MIn. M"x. MIn. Max. MIn. M"x. MIn. M"x. MIn. Max.

:::::::')Ir::~::~~::::::m :::::::::~~::::::::: :::::::~~mm: ::::::::~~~::::::: ~::::::~~~::::: :::::::::~:mm: :m::)~::::::: mm:::~:::::::: :::::::~~::::::: :::::::::~:::::::: :::::::~:::::::! ::!::::::U:::::: ::::::[~~::::m

:::::::.~~r!:~:::i~~::::::::: ::::!::!~~~!!:::::: :::::::~~!:::!:: :::::!m~m:!::! :::::!:~::!!:::! :::::!!::~::::!::! ::!::::~~::::::: ::::m::~!::!:!!! !::::::~~:::::!: :::::::::~::::::!: :!:::::~::::!:!: :!m!:~~:!:::!:

!~~rr::~::~~r::::::!: ::::::::~#:!::::!:: ::::::!~~:!:!:!: !:!::!!::~::!::!:! :!:!::!i~::!!::!: !::::!!::l::!!!!!!: !:!:::!~~:!!!!!: :::!:::!!~:::::!:! :::!!::~~!!:!::! :!!:!:::!~:::::::: :::::::~~::::::: :::::::~~!:::!!:

2S" x 20" 2.9 SY2 13 13 1 13 1 13 13

35' X 24' 4.5 6~ 12 12 12 12 12

42' X 29' 6.5 sY. 12 12 12 12 12

49' X 33' 8.9 9% 12 12 12 12

57' X 3S' 11.6 1l 12 12 12

-4' X 43' 14.7 12~ 12 12 12

(J" X 47' 18.1 131'. 12 12

77' X 52' 21.9 151/8 12

83' X 57' 26.0 16Y2 12

•



•

•

•

TABLE IB
CORRUGATED, STEEL PIPE ARCH 3- X 1- CORRUGAnONS

RIVETED, WELDED OR LOCK SEAM FABRICA TION
H-20 LOADING

FILL HEIGHTS TO TOP OF SUBGRADE - FT.

SIZE -INCHES OPENING CORNER
MAX. CORNER PRESSURE-4000 LBs/sa. FT.

AREA RADIUS
14 Ga. - .019· 12 Ga. - .10g· 10 Ga. - .138' 8 Ga. - .168'

SPAN & RISE SO. FT. INCHES
MIn. Max. MIn. M~x. MIn. M~x. MIn. M~x.

60' X 46' 15.6 18r.. 1 21 I 21 I 21

66' X 51' 19.3 20r.. I 21 I 21 I 21

73' X 55' 23.2 22% 1 20 1 20 1 20·

81' X 59' 27.4 20% 1 17 1 17 I 11 1 17

87' X 63' 32.1 22% 1 11 I 17 I 17 1 17

95' X 67' 37.0 24~ I 17 I 17 I 17 1 17

103' X 71' 42.4 26'1, IYz 17 IYz 11 IYz 11

112" X 75' 48.0 27r.. IYz 16 1Yz 16 IYz 16

117' X 79' 54.2 29Yz IYz 16 IYz 16 1Yz 16

128' X 83' 60.5 31Y.. 2 16 2 16

137' X 87' 67.4 33 2 16 2 16

142' X 91' 74.5 34r.. 2 16



•

•

TABLE 2A
STRUCTURAL PLATE, STEEL PIPE ARCH 6- X 2- CORRUGATIONS

BOLTED FABRICATION
H-20 LOADING

FILL HEIGHTS TO TOP OF SUBGRADE - FT.

SIZE - INCHES OPENING CORNER MAXIMUM CORNER PRESSURE - 4000 LBS / SQ. FT.

SPAN X RISE AREA RADIUS 12 Ga. - .lll' 10 Ga. - .140' 8 Ga. - .170' 7 Ga. - .188'

FEET -INCHES SQ. FT. INCHES Min. Max. Min. MdX. Min. MdX. Min. Mdx.

6'-1' X 4'-7' 2Z 18 I 16 1 16 I 16 1 16

7'-0' X 5'-1' Z8 18 1 14 1 14 I 14 I 14

7'-l1" X 5'-7' 35 18 I 1Z I 1Z I 12 I 1Z

8'-10' X 6'-1' 43 18 IYz 11 1Yz 11 IYz 11 IYz 11

9'-9' X 6'-7' 52 18 1Yz 10 IYz 10 1Yz 10 IYz 10

10'-11' X 7'-1' 61 18 IYz 9 IYz 9 IYz 9 IYz 9

11'-10 X 7'-7 71 18 lYz 8 IYz 8 lYz 8 1Yz 8

12'-10 X 8'-4' 85 18 Z 6 2 6 2 6 2 6

14'-1' X 8'-9" 97 18 Z 5 2 5 Z 5 2 5

13'-3" X 9'-4" 97 31 2Yz IZ zYz IZ 2Yz 12 2Yz 12

14'-2" X 9'-10' 109 31 2Yz 12 2Yz 12 2Yz 12 2Yz 12

15'-4' X 10'-4' 123 31 2Yz 11 zYz 11 2Yz 11 2Yz 11

16'-3' X 10'-10' 137 31 2Yz 10 2Yz 10 zYz 10 zYz 10

\7'-2' X 11'-4' lSI 31 2Yz 10 2Yz 10 2Yz 10 zYz 10

18'-1 X 11'-10' 167 31 ZYz 9 2Yz 9 2Yz 9 2Yz 9

19'-3' X IZ'-4' 182 31 2Yz 8 zYz 8 zYz 8

19'-11' X 12'-10' ZOO 31 zYz 8 2Yz 8 2Yz 8

20'-7' X 13'-2' 211 31 2Yz 7 2Yz 7 2Yz 7



•
TABLE 3A

CORRUGATED, ALUMINUM PIPE ARCH 2 2/3 - X 1/2- CORRUGATIONS
RIVETED, WELDED OR LOCK SEAM FABRICATION

H-20 LOADING

FILL HEIGHTS TO TOP OF SUBGRADE - FT.

SIZE - INCHES OPENING
AREA

SPAN - RISE SO. FT.

CORNER
RADIUS
INCHES

MAXIMUM CORNER PRESSURE - 4000 LBS / sa. FT.

16 Gd - .060" 14 Gd - .07S' 12 Gd - .IOS' 10 Gd - .13S' 8 Gd - .164'

U::.·:~r~::::::::
"" ". .. .

::AV~//

.... . ...

I7·:X.i3~::: .
. ' ............ ... . , .....

.'. 21~)<,IEi\ ::
... .

24~::)()~t:: :::
28' X 20"

35" X 24"

42' X 29"

49" X 33"

57" X 38"

64' X 43"

•

2.9

4.5

6.5

8.9

11"6

14.7

... , .

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

5Yz

6Ya

II

12%

MIn. Max.
.................. .
::"13',:
..... .

.................... , .

:,::];:r:::,::
. .

Min. Max. Min. Max. Min. Max.

.... :I:L: l~:.

::12::'....

13 13 13

12 12 12

iY4 12 iY4 12

iY" 12 1V4 12

IV" 12

IYz 12

MIn. Max.

.::.TL:

...............:::13.:::::................

13

12

12

12

12

12

•

TABLE 3B

CORRUGA TED, ALUMINUM PIPE ARCH 3 - X 1- CORRUGATIONS
RIVETED, WELDED OR LOCK SEAM FABRICATION

H-20 LOADING

FILL HEIGHTS TO TOP OF SUBGRADE - FT•.
SIZE - INCHES OPENING CORNER MAXIMUM CORNER PRESSURE - 4000 LBS / sa. FT.

AREA RADIUS
SPAN - RISE sa. FT. INCHES 16 Ga - .060" 14 Ga - .07S" 12 Gd - .10S' 10 Ga - .13S'

Min. Max. Min. Max. MIn. Max. Min. Max.

60' x 46' 15.6 181'" iY" 21 iY" 21 - - - -

66" X 51" 19.3 201'" IYz 21 IYz 21 - - - -

73" X 55" 23.2 22Ys IYz 20 - - - -

81' X 59" 27.4 20% 11'" 17 11'" 17

87" X 63" 32.1 20% 11'" 17 11'" 17

95" X 67" 37.0 24% 2 17 2 17

103" X 71" 42.4 26!js 2 17



•...
TABLt. 4A

STRUCTURAL PLATE. ALUMINUM PIPE ARCH 9- X 2Y2 8 CORRUGATIONS
BOL TED FABRICATION

H-20 LOADINC

FILL HEIGHTS TO TOP OF SUBGRADE - FT.

SIZE - INCHES
OPENING CORNER

MAXIMUM CORNER PRESSURE - 4000 LBS / SQ. FT.
AREA RADIUS

SPAN X RISE THICKNESS .100' THICKNESS .125' THICKNESS .150' THICKNESS .175' THICKNESS .200' THICKNESS .225" THICKNESS .250'
SQ. FT. INCHES

MIn. MC!x. Min. Max. Min. Max. Min. Max. MIn. Max. MIn. MC!x. Min. Max.

6'-7' X 5'-8" 29.6 31.8 IYz 23 IYz 23 IYz 23 IYz 23 IYz 23 IYz 23 IYz 23
6'-11" X 5'-9' 31.9 31.8 IYz 22 IYz 22 IYz 22 IYz 22 IYz 22 IYz 22 IYz 22
7'-3' X 5'-\1" 34.3 31.8 IYz 21 IYz 21 IYz 21 IYz 21 IYz 21 IYz 21 IYz 21
7'-9' X 6'-0' 36.8 31.8 IYz 20 IYz 20 IYz 20 IYz 20 IYz 20 IYz 20 IYz 20
8'-1' X 6'-1' 39.3 31.8 I~ 19 I~ 19 I~ 19 I~ 19 I~ 19 I~ 19 I~ 19
8'-5' X 6'-3' 41.9 31.8 I~ 18 1~ 18 1~ 18 17'4 18 I~ 18 I~ 18 I~ 18
8'-10' X 6'-4" 44.5 31.8 I~ 11 I~ 17 I~ 17 17'4 17 I~ 17 I~ 11 1~ 17
9'-3" X 6'-5" 47.1 31.8 2 16 2 16 2 16 2 16 2 16 2 16 2 16

9'-7' X 6'-6' 49.9 31.8 2 16 2 16 2 16 2 16 2 16 2 16 2 16

9'-11' X 6'-8' 52.7 31.8 2Y4 15 2Y4 15 ZY4 15 2Y.ol 15 2Y4 15 2Y4 15 2Y.ol IS
10'-3' X 6'-9' 55.5 31.8 2Y4 15 2Y4 15 2Y4 15 2Y.ol 15 2Y4 15 2Y4 15 2Y.ol 15

10'-9' X 6'-10' 58.4 31.8 2Y4 14 2Y" 14 2Y" 14 2Y" 14 2Y" 14 2Y" 14 2Y" 14

11'-1' X 7'-0' 61.4 31.8 2Yz 14 2Yz 14 zYz 14 2Yz 14 zYz 14 2Yz 14 2Yz 14

11'-5' X 7'-1' 64.4 31.8 2Yz 13 2Yz 13 2Yz 13 zYz 13 zYz 13 ZYz 13 2Yz 13

11'-9' X 7'-2' 67.5 31.8 zYz 13 zYz 13 zYz 13 2Yz 13 2Yz 13 2Yz 13 2Yz 13
12'-3' X 7'-3" 70.5 31.8 2¥" 12 2¥" 12 2¥" 12 2¥4 12 2¥" 12 2¥4 12 2¥4 12

12'-7' x 7'-5" 73.7 31.8 2¥4 12 2¥" 12 2¥" 12 2¥4 12 2¥" 12 2¥4 12 2¥" 12

12'-11" x 7'-6' 77.0 31.8 3 12 3 12 3 12 3 12 3 12 3 12 3 12

13'-1' x 8'-2' 83.0 31.8 3 11 3 11 3 11 3 11 3 11 3 11 3 \I

13'-1' X 8'-4" 86.8 31.8 3 11 3 11 3 11 3 11 3 11 3 11 3 11

\3'-11" x 8'-5' 90.3 31.8 3 11 3 11 3· 11 3 11 3 II 3 11 3 11
14'-0' X 6'-7' 94.2 31.8 3 II 3 11 3 II 3 11 3 11 3 11 3 \I

\3'-11" X 9'-5' 101.5 31.8 3 11 3 11 3 11 3 11 3 11 3 11 3 \I

14'-3' X 9'-7' 105.7 31.8 3 10 3 10 3 10 3 10 3 10 3 10 3 10

14'-8' X 9'-8' 109.9 31.8 3 12 3 12 3 12 3 12 3 12 3 12

14'-\1' X 9'-10' 114.2 31.8 3 11 3 11 3 11 3 11 3 \I 3 \I

15'-4' X 10'-0' 118.6 31.8 3 11 3 11 3 11 3 11 3 11 3 11

15'-7' X 10'-2' 123.1 31.8 3 11 3 11 3 11 3 11 3 11 3 \I

16'-1' X 10'-4' 127.6 31.8 3 10 3 10 3 10 . 3 10 3 10 3 10

16'-4' X 10'-6' 132.3 31.8 3 10 3 10 3 10 3 10 3 10 3 10



•

•

•

APPENDIX

G

BLANK FORMS

PIPE SELECTION WORKSHEETS
AISI AVERAGE SERVICE LIFE CHARTS FOR STEEL PIPE



ARIZONA DEPARTMENT OF TRANSPORTATION

GALVANIZED STEEL PIPE SELECTION
Sheet of

Plan Reference Number

Location (Station)

Service Life Required SLr r:tears)
circle one

Pipe Size (inches or inch x inch)

Fill Height Range (ft-ft)

Corrugation (inch x inch)
circle one

Pipe Wall
Thickness(inches)=AISI Factor

circle
or

add appropriate thickness

pH

Resistivity (ohm-em)

High Soil Moisture?
circle one

Service Life Base, SLb (years)

Expected Service Life (years)
SLe=SLb*AlSI Factor

Velocity of Flow>7ft1sec?
circle one

2z/3X l /z 2Z13x l /z 2z/3X liz 2z/3X liz
3x1 3x1 3x1 3x1
5x1 5x1 5x1 5x1
6x2 6x2 6x2 6x2

0.064"=1.3 0.064"=1.3 0.064"=1.3 0.064"=1.3
0.079"=1.6 0.079"=1.6 0.079"=1.6 0.079"=1.6
0.109"=2.2 0.109"=2.2 0.109"=2.2 0.109"=2.2
0.138"=2.8 0.138"=2.8 0.138"=2.8 0.138"=2.8
0.168"=3.4 0.168"=3.4 0.168"=3.4 0.168"=3.4

When SLe<SLr consider three options to increase SLe:
1. Increase the pipe wall thickness (gage). This will increase the SLe.

2. Consider justifying a lower service life requirement if SLe is close to SLr.

3 Add bituminous coating This adds 20 years to SLe This is not normally a preferred option

Plan Reference No.

JAN Z5, 1996

Plan Reference No. Plan Reference No. Plan Reference No.



ARIZONA DEPARTMENT OF TRANSPORTATION

ALUMINIZED STEEL PIPE SELECTION
Sheet of

Plan Reference Number

Location (Station)

Service Life Required SLr r:rears)
circle one

Pipe Size (inches or inch x inch)

Fill Height Range (ft-ft)

50

Corrugation (inch x inch)
circle one

Pipe Wall
Thickness(inches)=AlSI Factor

circle
or

add appropriate thickness

pH

Resistivity (ohm-em)

High Soil Moisture?
circle one

Service Life Base, SLb (years)

Expected Service Life (years)

SLe=SLb*AlSI Factor
Velocity of Flow>7ft/sec?

circle one

22/3X 1/2 22/3X 1/2 22/3x 112 22/3X 1/2

3x1 3x1 3x1 3x1
5x1 5x1 5x1 5x1
6x2 6x2 6x2 6x2

0.064"=1.3 0.064"=1.3 0.064"=1.3 0.064"=1.3
0.079"=1.6 0.079"=1.6 0.079"=1.6 0.079"=1.6
0.109"=2.2 0.109"=2.2 0.109"=2.2 0.109"=2.2
0.138"=2.8 0.138"=2.8 0.138"=2.8 0.138"=2.8
0.168"=3.4 0.168"=3.4 0.168"=3.4 0.168"=3.4

\Xfhen SLe<SLr consider three options to increase SLe:

1. Increase the pipe wall thickness (gage). This will increase the SLe.

3. Consider jusifying a lower service life requirement if SLe is close to SLr.

2. Add bituminous coating. This adds 20 years to SLe. This is not normally a preferred option.

Plan Reference No.

JAN 25,1996

Plan Reference No. Plan Reference No. Plan Reference No.



ARIZONA DEPARTMENT OF TRANSPORTATION

ALUMINUM PIPE SELECTION
Sheet of

Plan Reference Number

Location
Station

Service Life Required SLr (years)
circle one

5 s pH s 9?
circle one

Resistivity ~ 500?
(ohm-em)
circle one
Pipe Size

inches or inch x inch
Fill Height Range

ft-ft
Corrugation
(inch .x inch)

circle one

Pipe Wall Thickness(inches)
=Service Life Expected (years) SLe

circle
or

add appropriate thickness

Velocity of Flow>7ft1sec?
circle one

22/3X 1/2 22/3X 1/2 22/3X 112 22/3x 112

3xl 3xl 3xl 3x1
9x2 1/2 9x2 1/2 9x2 1/2 9x2 1/2

0.060"=50.0 yrs 0.060"=50.0 yrs 0.060"=50.0 yrs 0.060"=50.0 yrs

0.075"=62.5 yrs 0.075"=62.5 yrs 0.075"=62.5 yrs 0.075"=62.5 yrs

0.105"=87.5 yrs 0.105"=87.5 yrs 0.105"=87.5 yrs 0.105"=87.5 yrs

When SLe<SLr consider three options to increase SLe:

1. Increase the pipe wall thickness (gage). This will increase the SLe.

2. Consider justifying a lower service life requirement if SLe is close to SLr.

3. Add bituminous coating. This adds 20 years to SLe. This is not normally a preferred option.

Plan Reference No.

JAN 25,1996

Plan Reference No. Plan Reference No. Plan Reference No.



ARIZONA DEPARTMENT OF TRANSPORTATION

CONCRETE PIPE SELECTION

Plan Reference Number

Location (Station)

Sheet of

Service Life Required SLr ('{ears)
>100 Years?

circle one
Pipe Size (inches

or inch x inch)
Fill Height Range

ft-ft
Trench And Non-Trench Conditions

circle observed field condition
RCP
Class

choose one class in each column
or write in D-Load

Trench Non- Trench Non- Trench Non-
Trench Trench Trench

I I I I I I
II II II II II II
III III III III III III
IV IV IV IV IV IV

V V V V V V

Trench Non-
Trench

I I
II II
III III
IV IV

V V

H
pH<5?

choose one

High Sulfate Levels?
circle one

Velocity of Flow>40ftJsec?
circle one

Plan Reference No.

MAR 21,1996

Plan Reference No. Plan Reference No. Plan Reference No.



ARlZONA DEPARTMENT OF TRANSPORTATION

PLASTIC PIPE SELECTION

Plan Reference Number

Location (Station)

Sneet-

Service Life Required SLr \'lears)
>75 Years?

circle one
Pipe Size (inches)

12"~Pipe Size~36"?

circle one
Pipe Size With Approved Joints?

Check New Products List
Fill Height

(ft
Fill Height> 10'?

circle
one

•
Plan Reference No.

• JAN 25, 1996

Plan Reference No. Plan Reference No. Plan Reference No.



• • •
CHART FOR ESTIMATING AVERAGE SERVICE LIFE OF CORRUGATED GALVANIZED

STEEL PIPE (CGSP), SPIRAL RIB GALVANIZED STEEL PIPE (SRGSP),

AND CORRUGATED. GALVANIZED STEEL STRUCTURAL PLATE PIPE (CGSSPP).
(COPIED FROM AISI CHARTl - (FOR DRY SOIL CONDITIONS)

AISI chart and
pipe selection limits

I I \ I / 7/ I 7/:>/:>/:>/ 180

I I I I J :> I 100

• MUltiply years by Factor for the VarIous Metal thickness

I

4

oI I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I a
10 100 \.000 10.000 100.000

20 1 7" .-15/ :;/,-, 7/ 7/ :;;>,/ A/ 7~L :;;>,/ 7/ I \ 120

401 I /" /:;;>,/ ~ 7/ 1// // 7/ //1... / // /' 140

pH of Environment Normally Less than 7.3 .
60 ~ Years: 27.58 (Log 10 R-Log 10(2160-2490 Log pH)) 1 P" 1 :;>/' 7/ /'/1 // '0;'-(, 7/ :>/7/ 7~ 60

I 10 -

100.
pH of Environmen't Normally

Thickness. in. 7.3 Thru 9.0
Years: 2.94R OAJ

Gage R : MInimum Resistivity
--

80~1 Factor' I 1.0 I 1.31 I.G I 2.2 I 2.8 I 3.4

liIo
~

=
~:s

j
(I)

M
II
.t:fc
!...
<:J

:I
t=
c::.-

CDa»;
.>
c(

Minimum Resistivity (R) ohm em



• • •
CHART FOR ESTIMATING AVERAGE SERVICE LIFE OF CORRUGATED ALUMINIZED

STEEL PIPE (CASP), AND SPIRAL RIB ALUMINIZED STEEL PIPE (SRASP).

(COPIED FROM AISI CHART) - (FOR DRY SOIL CONDIT IONS)

AISI char t and
pipe selection limit s

4

oI I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

10 11"\f\ I ""1'\ I"" 1"\1"\" 1r\1"\ "

40 I I L / L Ii./ f:' 1::)-><" ., ',., '-K' , 'x'Y?' ./ ./ 1407' , 7' >" -:7 '. , ' , , ';>< ' .• :;>t '. " .• :7 :7

20 1 L 15o%' L L L L:;4L ~ L L ~ /20:7.- 7777777 \

100 I I i , J.. " " ' .. " " '1 ' .. < t, " " ' ... to. ' ... " ' .. to. ' .. Co. ' .. ? .. ' .. Co. ' .. Co. " '. '.1 100
pH of Environment Normally

Thickness. In. 0.052 0.0f>4 7.3 Thru 9.0
Years=2.94R 0.41

Gage 18 If> R=MinimufTl Resistivity

80, Factor- 1.0 1.3 I I.f> I 2.2 I 2.8 I 3.4

• Multiply years by Factor for the VarIous Metal thickness

. I

60 I-
pH of Environment Normally Less than 7.3

I K>[<': :«:;..«:: :<';;"K' :;>(=[<';.<::.;' :~:< >~<::>,<;;LYears=27.58(Log loR-Log 10(216°1-2490 Log1oPH)) :/-160

e
I

~
tD
~;;
~.

iiio

"i
.ttc
!
c!
1!
i!
c.-

i.c:en
1o

Minimum Resistivity (R) ohm em




