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. ERRATA TO THE FEBRUARY 1, 1396
PIPE SELECTION GUIDELINES AND PROCEDURES MANUAL

The following changes should be made to the February 1, 1996 version of the PIPE
SELECTION GUIDELINES AND PROCEDURES manual:

1. Page 10. EXAMPLES - Procedural Discussion, CHECK PIPE SIZE AVATLABITITY
The paragraph should now read:

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.

2. Pages 12 & 13. EXAMPLE PROBLEMS

Steel Pipe, Page 12, Example 3. Add the following two sentences to the end:

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.

Steel Pipe, Pége 13, Example 5. Add the following sentence to the end:
Also, check whether this thicker pipe needs a larger corrugation size.
Steel Pipe, Page 13, Example 8. Add the following sentence to the end:

Also ask, will this thick pipe need a larger size of corrugation?

3. Page 15 & 16. EXAMPLE PROBLEMS
Page 15. CONCRETE PIPE
~ The last two sentences of the first paragraph have been rewritten to say:

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.

Pages 15 & 16

The two charts showing the results of the pipe selection analysis have been reduced to one which
shows the results for all eight pipes. The Wall Thickness for NRCIPCP in Examples 2 and 8 have been
changed to N/A. The new chart looks like the following:
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.

3/21/96
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Example Fill Height RCP NRCP NRCIPCP

Class Class Wall Thickness

1 -3 I 2 312

2 3.5 11 1 N/A

3 5°-8’ I 2 "Not in Chart

4 3.5 I Not in Chart 4

5 -3 11 3 Not in Chart

6 5-8 I Not in Chart 57

7 70°-90° Not in Chart Not in Chart Not in Chart

8 3-5 I 1 N/A
Page 16

The first sentence under the chart has been changed to read:
Other restrictions to consider include: in exampies 3 & 5 NRCIPCP is not accepiabie since pipe size is iess
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.
4. Appendix A, PIPE SELECTION WORKSHEETS - Completed Forms For Examples

Figure A-1 through A-4

Add the phrase, “Check availability of thickness and corrugation” under the final SLe = calculation
for Plan References 3, 5 & 8 for both Galvanized and Aluminized Steel.

Figure A4

Under Plan Reference 8 the pH should be 7.0 instead of 7.4. The resistivity of 1400 ohm-cm
should be circled indicating it is outside the acceptable range.

Figure A-7 and A-8

Both CONCRETE PIPE SELECTION worksheets have been revised. Copies of the revised
worksheets are included in this package for you to insert in your manual. The shading in the *Trench” box
was removed. The “Trench And Non-Trench Conditions” box had the following line added:
circle observed field condition

The lower line in the “RCP Class” box was changed to read:

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

Plan References 5 an 8 were missing NRCP Class numbers. The numbers are 3 and 1 respectively.

Plan References 3, 5, 7 & 8 had the following line added in the workspace at the bottom of the
page:

NRCIPCP not acceptable for non-trench condition.

3/21/96
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5. Figure E-1, PIPE SUMMARY SHEET

The wall thickness for NRCIPCP in plan references 2 & 8 for the Storm Drain Application should
not be shown. Cross them out. Both are incorrectly shown as 3”.

6. Appendix F, FILL HEIGHT TABLES

FILL HEIGHT TABLES for Circular Culverts (the first nineteen sheets)

The first text block at the top of the chart in each case has been changed. Formerly, it looked like
the following, “ TYPE 6-I-U, 6-1-C, 6-0-U, 6-0-C”, for example, which applies to the fill height range of
15" to 20°. It is being change to read “RANGE 6”. This number then corresponds to the RANGE NO.
shown in the Fill Height Range Table in the lower left hand corner of the pipe summary sheet. The number
(6 in the example) in each chart will remain the same. “TYPE” is changed to “RANGE” and the extra
ietters (for example, “-1-U”) are taken off.

FILL HEIGHT TABLES for Arch Culverts

In the back of the Fill Height Tables are tables for Steel Pipe Arches. In Table A2 for the 1377 X
87” pipe the Opening Area is currently blank. It should read “67.4”.

In Table 3B the Comner Radius should read “26 1/8” instead of “9 5/8”.

7. BLANK FORMS, Pipe Selection Worksheet for Concrete Pipe Selection

A revised Concrete Pipe Selection worksheet has been included in this packet. Replace the old
one, in the back of your manual, with this new form.
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ARIZONA DEPARTMENT OF TRANSPORTATION
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ARIZONA DEPARTMENT OF TRANSPORTATION
ROADWAY ENGINEERING GROUP
OFFICE MEMO

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: TERRY H. 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.



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.

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



FOREWORD

This document was developed to provide 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 ADIT Pipe Committee.
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PIPE SELECTION WORKSHEETS - Completed Forms For Examples

Galvanized Steel Pipe Figure A-1 & 2
Aluminized Steel Pipe Figure A-3 & 4
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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 of pipe 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 determines 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) bituminous coating is not normally
required for corrosion protection.



ALUMINIZED STEEL PIPE

Service life for Corrugaied 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.



PIPE SELECTION PROCEDURE

The designer should refer to the document entitled, "PIPE SELECTION GUIDELINES”, subiitled
“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. C/LCGSP-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

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



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.



In selecting pipe alternates and sizes, the designer shall consider such faciors 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 o 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 of NRCIPCP 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.



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

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

Un

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.



7.  NRCIPCP - The evaluation relative to NRCIPCP for consideration of its use in closed
storm 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.

ili. 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 form 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 determine
the suitability of the soils.

ABRASION

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).
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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-1. 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:

Service Life Required
Flow Velocity

Pipe Size

Station Location

Fill Height

6. Trench Condition

O Lo

The Materials Lab Memorandum will supply:

. Soil pH

. Soil Resistivity

. High soil moisture locations

. High soil sulfate level locations

W O B =

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

Insert this data into the appropriate blanks on the worksheet.



DETERMINE SPECIFICATIONS FOR PIPE TYPES

Apply the above information to determine specifications for each pipe type. The next design
tool to use 1s 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 if SLe 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 ft/sec 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.



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. If pH is outside the range of 5 to 9, or Resistivity 1s
less than 500 chm-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 so0il?
3. Is the Flow Velocity > 40 ft/sec?

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.
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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 if ALL 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 of the 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 do? 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 define the pipe to be placed at these
locations.

Example 1.

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 of 7.2 and resistivity of 1500 ohm-cm
yields a Sevice Life Base SLb = 50 years off the AISI chart. Multiplying the AISI Factor times SLb
(1.3X50) 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-cm 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” of fill, AISI
Factor = 1.3, pH =6.5, resistivity = 6000 ohm-cm. 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
=22 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 = 60¢ chm-cm
Fill Height =3’-5’ Thickness = 0.064” AlSI 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 chm-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 15 =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 = 1/2 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 = 1/2 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 = 1/2 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?
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STEEL PIPE - ALUMINIZED

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

Example 1.
SLr =75 years pH=72 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=28.8 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.
Slr = 50 years pH=46.5 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.

Example 5.
SLr = 50 years pH=5.7 Resistivity = 3000 chm-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 /or 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-cm < 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=72 Resistivity = 1500 ohm-cm
Fill Height = 1’-3’ Trench Condition

pH = 7.2 is between 5 and 9 and Resistivity is greater than 500 ohm-cm. Therefore, Pipe Wall Thickness
will dictate the SLe. The minimal thickness of 0.060” only provides 50 years of service life. Increasing ihe
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.

Resistivity
Example pH (ohm-cm) Fill Height Thickness
2 8.8 2500 3.5 0.060”
3 6.5 6000 5°-8 0.060”
4 7.1 600 3’-5 0.060”
5 5.7 3000 -3 0.060”
8 7.0 1400 3-5 0.060”
Example 6 and 7.

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-cm.

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 of Concrete Pipe is acceptable for the
load. Ifit 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, if pH 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 - &.

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

1 1’-3° 11 2 3127
2 3.5 11 1 N/A
3 5-8’ 1 2 Not in Chart
4 3.5 11 Not in Chart 4
5 1’-3’ 111 3 Not in Chart
6 5°-8’ I Not in Chart 5”
7 70°-90° Not in Chart Not in Chart Not in Chart
8 3.5 I 1 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 find the pipe criteria in the tables then Plastic Pipe is not acceptable as a pipe alternate.

Example 1 - 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 aeceptable joints. So, using plastic pipe in Example 1 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 = 427; Example 6, Diameter = 48”;

Example 7, Diameter = 60”. Also, in Example 7 the fill height of 86" 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

Sheet j of / @
Plan Reference Number j Z 2
Location (Station) 5‘/ l’ + /é 5)234+20 5718 + 45
Service Life Required SLr (Years) i G0 | 75 - @ B
circle one b
Pipe Size (inches or inch x inch) 24
Fill Height Range (ft-ft) S-8
Corrugaticn (inCh X Inch) ( 22/3x1/2 ) ( 22/3x]—/2 ) { 22/3Xl/2 )
circle one 3x1 3x1 3x1
bx1 bx1 5x1
6x2 6x2 6x2
Pipe Wall ooeE=13 | (0.064=13 5064 =1
Thickness(inches)=AISI Factor (0.079°=1.6 0.079°=1.6 £6:079-=1-67 ,
circle 0.109°=2.2 0.109"=2.2 0.1097=2.2 0.109"=2.2
or 0.138°=2.8 0.138”=2.8 0.138°=2.8 0.138°=2.8
add appropriate thickness 0.168"=3.4 0.168"=3.4 0.168"=3.4 0.168"=3.4
pH 7! Z. 8' 8 é . S- 7l [
Resistivity (ohm-cm) /500 2500 boos 600

High Soil Moisture?
circle one

Service Life Base, SLb (vears)

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

Velocity of Flow>7ft/sec?
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.

Plan Reference No. / | Plan Reference No. Plan Reference No. 3 | Plan Reference No. 4
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JAN 25, 1996
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ARIZONA DEPARTMENT OF TRANSPORTATION
GALVANIZED STEEL PIPE SELECTION
Sheet z of / O
Plan Reference Number 5 é 7 8
Location (Station) 522+1 7 5 25+ (b@ 520+ 87 528 + 17
Service Life Required S}m (‘Years) i T e ’ 5 7 . “( ?5 N T e
circle one s o
Pipe Size (inches or inch x inch) 4 a O
Fill Height Range (ft-ft) 5-8 70-90
Corrugation (inch x inch) Q23xle) 92/ax 1/
circle one 3x1 (
Hx1 Hx1
6x2 6x2
Pipe Wall 0.064°=1.3) 0.064°=1.3
Thickness(inches)=AlISI Factor 0.079’=1.6 0.079’=1.6
circle 0.109"=2.2 0.109°=2.2
or 0.138°=2.8 0.138"=2.8 ' ‘
add appropriate thickness 0.168"=3.4 0.168"=3.4 0.168"=3.4
pH 577 (7.2 7.0
Resistivity (ohm-cm) 33000 /4 00
High Soil Moisture? ves o)
circle one qee the i . :
Service Life Base, SLb (vears) 29 — /5 +x29=09.5
Expected Service Life (years) o : '
SLe=SLb*AISI Factor
Velocity of Flow>7ft/sec?

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 DEPARTMENT OF TRANSPORTATION
ALUMINIZED STEEL PIPE SELECTION

Sheet 3 of j O

Plan Reference Number j s = 4
Location (Station) S+ 16 £/3+ 2 518 +45 | 520 +02
Service Life Required SLr (Years) | 50 (B0 | 75 ol B0 ‘75 oG T
circle one L o o b ]
Pipe Size (inches or inch x inch) =Y 24 4 Z.
Fill Height Range (ft-ft) /=3 B s5-8 =-5
Corrugai?ion (inch x inch) @ C22/3X1/2> (22/3x1/9) ¢ 2213x1/2)
circle one 3x1 3x1 3x1 3x1
5x1 5x1 b5x1 5x1
6x2 6x2 6x2 6x2
Pipe Wall CoO6=1D | (0.064'=1.3) (0.064'=1.3)
Thickness(inches)=AISI Factor ‘ 0.079’=1.6 CO-8792=1-65 0.079°=1.6
circle 0.109°=2.2 0.109"=2.2 0.109°=2.2 0.109"=2.2
or 0.138’=2.8 0.138"=2.8 0.138"=2.8 0.138"=2.8
add appropriate thickness 0.168"=3.4 0.168"’=3.4 0.168"=3.4 0.168’=3.4
pH 7.2 2.9 6.5 7.1
Resistivity (chm-cm) 2500 G 000
High Soil Moisture? . /
circle one duce the ¢ ge life (vey 5 50 o
Service Life Base, SLb (years) 50 74 'ﬁj x45 = 22.5 _—

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

Velocity of Flow>7ft/sec?
circle one

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.

Plan Reference No. [/ | Plan Reference No. Z | Plan Reference No. 3 | Plan Reference No. <
Sle =/.3xD =65us| Sle =13 x 74 =098 Sle = /.3 x22.5= 29ys| Resphvity 15 ouTside
No_qood . oK No_aoud acuypstble e
ncrease _wall Fhickness Increase_wall Hhdhness " Mo amd.
o 0.079" b 5699 0.100" o 7
No asod B
Sle = /b X5D =@ SLe = tax22.5= 3bas
2K Onedd m:lnb.luﬁ"ﬁ -
Hhaekness 8 farrvason
Mso, covld add Also, could add
bitvaiaous 60&7'}«3. b\'j\/,v\\/vovs év?&'\/g,
Sle = 65 +20 =854 Sle =29 + 2p = 49e
O
Clse evrvavaln,  OK
bl _nit preferred. byt ol pefered.
JAN 25, 1996

FIGURE A-3



ARIZONA DEPARTMENT OF TRANSPORTATION
ALUMINIZED STEEL PIPE SELECTION

Sheet F  of (D
Plan Reference Number & 2 -7 8
Location (Station) 5224177 525+ 6% | S2b+87 526 + 17
Service Life Required SLr (Years) | (50) 5 G0 60 L s P s
circle one - . L L
Pipe Size (inches or inch x inch) 24 48 GO
Fill Height Range (ft-ft) /-3 5-¢ 70-90
Corrugation (inch x inch) 2/3x173) 22/5x1/y
circle one 3x1 3x1 3x1
5x1 5x1 5x1 5x1
6x2 6x2 6x2 6x2
Pipe Wall ¢ 0.064”:1._5_’) 0.064’=1.3 £0.064’=1.3)
Thickness(inches)=AISI Factor 0.079°=1.6 0.079"=1.6 0.079"=1.6
circle 0.109"=2.2 0.109’=2.2 0.109"=2.2
or 0.138"=2.8 0.138"=2.8 (0.1387=23> 0.138"=2.8
add appropriate thickness 0.168’=3.4 6.168"=3.4 0.168"=3.4 0.168"=3.4
pH 5.7 &) G0 7.0
Resistivity (ohm-cm) 3000 /SO0 2000 . /4 12/6)"
High Soil Moisture? 68 (1o) . « @ ' no
circle one h ar
Service Life Base, SLb (years)

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

Velocity of Flow>7ft/sec?
circle one

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.

Plan Reference No. 5

Plan Reference No. (

Plan Reference No. 7/

Plan Reference No. 8

Sle = 3 %29= 3By PH IS 0u+5|o‘c’. pH 1S Ouﬁltjﬁ I@S'Sﬁv:ﬂ) (s au’fS/c/e
No 400d. acceptable 2nge.. au‘p’ﬁ\é/e 2rse. acgotrble tange.
{'/‘.f_'jwﬁ pipe ‘ﬂuMSS Mo ﬁogo(. Ap ﬁooo{. Ng ?ouol.

o G672 0.109" o

W&K_ @
= s

P
2
Checle avm bl oF HuchnisS and

Sle = x 29
acrvyathon

CHECK o2 ABRASION ——

Adso . bov 14 m:/J

b;”]’\/ﬂ\l 2% ﬂvat'}\«ﬁ .

Sle = 38+20 =SB ys

2] &

bl ot me.

JAN 25, 1996

FIGURE A-4



ARIZONA DEPARTMENT OF TRANSPORTATION

ALUMINUM PIPE SELECTION

Sheet g of / 0
Plan Reference Number i z 3 4
Location
(Station) 5/8 + 45 ZD + 07
Service Life Required SLr (Years) ( . 7b 5
circle one
5<pH <9?

circle one

Resistivity > 5007

(ohm-cm)
circle one
Pipe Size
(inches or inch x inch)
Fill Height Range _ - -
(ot /-3 3-5 5-5
Corrugation 22/3x1/9 22/3x /9 C 2213x1/9) 22/3x1/9
(inch x inch) @ 3x1
circle one 9x21/9 9x21/9 9x21/9 9x21/9

Pipe Wall Thickness(inches)
= Service Life Expected (years) SLe
circle
or
add appropriate thickness

Velocity of Flow>7ft/sec?
circle one

When SLe<SLyr 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.

14

0.060"=50.0 yrs

.060"=50.0 yrs

0.060"=50.0 yrs

0.075"=62.5 yrs

0.105"=87.5 yrs

0.075"=62.5 yrs

0.105"=87.5 yrs

0.075"=62.5 yrs

0.105"=817.5 yrs

Plan Reference No. [

Plan Reference No.

Z

Plan Reference No.

3

Plan Reference No.

9

Incresse. wall Thickness

Mintmupm wWall Huckiness

Mintmum wadl Huckaess

Minimum wWall Thickness

Yo 0./05"

is 0.k sle=(50 yn)

1s oK. Sl = (50 yr)

s Dk /'f SUuR)

Sle -‘-(87:75“'\13 oK.

Covld also add

bl ‘A/m:rwus 60&'/) A4 .

Sle = 2.5 +20 =825

oK 9=

bulT ol 'Prﬁ'lé‘:?ﬁtaf

JAN 25, 1996

FIGURE A-5



ARIZONA DEPARTMENT OF TRANSPORTATION

ALUMINUM PIPE SELECTION
Sheet é of / 0
Plan Reference Number 5 é <7 8
Locati
Station) 522417 |525t4L8 | 52L+87 | 528+ 17
Service Life Required SLr (Years) (5 i k ' 75 - (B0) 7 ' &
circle one - -
b<pH<9?
circle one
Resistivity > 5007
(ohm-cm)
circle one
Pipe Size
(inches or inch x inch)
Fill Height Range _ _ -
ot /-3 70-90 3-5.
Corrugation (223312 22/3x1/9 22/3x /9
(inch x inch) 3x1 3x1
circle one 9x21/5 9x21/9 9x21/9
Pipe Wall Thickness(inches) 0.060"=50.0 yrs 0607=50.09rs 0.060"=50.0 yrs
= Service Life Expected (years) SLe
circle 0.075"=62.5 yrs Bbyrs | 0.0757=62.5 yrs
or
add appropriate thickness 0.105"=87.5 yrs 0405"=87.6¥yrs | 0.105°=87.5 yrs

Velocity of Flow>7ft/sec?
circle one

When SLe<SLr consider three options to increase SLe:
1. Increase the pipe wall thickness (gage). This will increase the SlLe.
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. < | Plan Reference No. (» | Plan Reference No. 7/ Plan Reference No. &

Minimvm  Wall Tmickness prr ) oJszJt’, DH 15 OU"I‘S(Je Minimum wall Fhickness

s OX. Sle =C§D 4%) Aacg'p'fxé/ﬁ rRALE. . 'aLmIo’fulo(e rande | is oK. sle =(3D
Np joadl. - N 300&.

JAN 25, 1996
FIGURE A-6



ARIZONA DEPARTMENT OF TRANSPORTATION

CONCRETE PIPE SELECTION

Sheet

7 of /0

Plan Reference Number

z 3

4

Location (Station)

5/3+20

518 +45

Service Life Required SLr (Years)
>100 Years?
circle one
Pipe Size (inches
or inch x inch)

520+02

4z

Fill Height Range
(ft-ft)

Trench And Non-Trench Conditions
circle observed field condition

Non-
Trench

on-
Trench Trench

3-5
Trench

RCP
Class

1
@

11 III
v

A%

I
ab
11T
v

A%

CI_D

111
v

A%

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

1 1

@ | @
I 111
v v

\% v

NRCP
Class
NRCIPCP
Wall Thickness (inches)

pH

pH<5?

choose one

High Sulfate Levels?
circle one

Velocity of Flow>40ft/sec?
circle one

e

Plan Reference No. | | Plan Reference No. Z | Plan Reference No. 3

Plan Reference No.

Z

All concrete p\pe "’1;025 NRLIPLP nit auysxble NRCIPCP ol A(MD"ZUE

NRLP s el an

‘FW' Mﬂ-'hf/\cl\ Mj\zlfhm\

are. Ac(ép'/‘xu& byt Pioe. sipe o

accrotnble  allernate .

check for neea/ o | RCP & NRCP are 24" <'30" requio- NoT ' fovad in L1l
Tupe T Gmed. =— | oacqsinble Also, NRCIPCP nil | heraht tables,
” ' accontalble for ReP & NRCIP and
Mr\‘-'hfr\b‘f\ OV/\CL.,\AJ/\. ac%pfxb}&.

RCP & NRCP are

aa_qpﬁ b/&.

1
MAR 21, 1996 FIGURE A-7



ARIZONA DEPARTMENT OF TRANSPORTATION

CONCRETE PIPE SELECTION

Sheet % of / D
Plan Reference Number 5" {Q =7 8
Location (Station) 522 + 177 ‘525 “+ ég 52.[5 <+ 87
Service Life Required SLr (Years)

>100 Years?
circle one

Pipe Size (inches
or inch x inch)

24

Fill Height Range
(ft-ft)

/-2

=,

“10-90

e,

circle observed field condition

Trench And Non-Trench Conditions

Trench Non-

Trench

Trench

N

on-
Trench

Trench

RCP
Class

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

I

III

{
I

11

I
I

I

|
III
1Y

v \Y

NRCP
Class

NRCIPCP
Wall Thickness (inches)

pH

pH<5?

choose one

High Sulfate Levels?
circle one

Velocity of Flow>40ft/sec?
circle one

14

Plan Reference No. S | Plan Reference No. { | Plan Reference No. 7 | Plan Reference No. 1S
NRCIPCP 15wt NRCP 1 nel an No_toncrele pipe NRCIPCP wi™ accrptable
acceotnoke — pwe sine | acpiible_allernake . | allernate 1o awsstwble. |fir nontrench tond Don
24 < 3p" Mlum:c[. Mo’}" '&W\A n A1l Ngt '&W\J n 1/“\‘” RCP & NRLP ang
Moo, NRCIPCP wit haiaht  taboles. hewht  tables. accstabole.
aceeptrble for REP & NRCPLP  and Mso'; NRLIPP 15 nel [
Mnjfwf\ol\ CW\AINA. q,(,cpp'}ub'&. aw‘b\(ole, ‘R)r
RCP & NRLP an ‘ wa- teendh  gondivon.
acrstable. Nead Speanl RCP

t dﬁ&g\r\.' —_~—
MAR 21, 1996 FIGURE A-8



ARIZONA DEPARTMENT OF TRANSPORTATION

PLASTIC PIPE SELECTION

Sheet ? of / 0

Plan Reference Number

L

Location (Station)

Service Life Required SLr (Years)
>75 Years?
circle one

Pipe Size (inches)

=Y/ R

127<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. | | Plan Reference No. Z | Plan Reference No. 2 | Plan Reference No. <
30" ppe dves nol Acceptable . Aeceptable. Poe size 7 3b",
Inowt. aéc{pf%éa/z u/oMﬁ ' , l Np 410001‘
Mp_apoc -
J
JAN 25, 1996

FIGURE A-9




ARIZONA DEPARTMENT OF TRANSPORTATION

CONCRETE PIPE SELECTION

Sheet

of

Plan Reference Number

Location (Station)

Service Life Required SLr (Years)
>100 Years?
circle one

Pipe Size (inches
or inch x inch)

no

no

no

Fill Height Range
(ft-£t)

Trench And Non-Trench Conditions
circle observed field condition

Trench

Non- Trench Non-

Trench Trench

Trench

Non-
Trench

Trench

Non-
Trench

RCP
Class

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

<2dHH=

I I I
I il i

I m
v
A

<4H

<DEE =

TY
i1

I

<dHE~

<dHE =

NRCP
Class

NRCIPCP
Wail Thickness (inches)

pH

pH<5?

choose one

High Sulfate Levels?
circle one

Velocity of Flow>40ft/sec?
circle one

Plan Reference No.

Plan Reference No.

Plan Reference No.

Plan Reference No.

MAR 21, 1996



ARIZONA DEPARTMENT OF TRANSPORTATION
PLASTIC PIPE SELECTION

Sheet /0 of /O

Plan Reference Number

Location (Station)

Service Life Required SLy (Years)
>75 Years?
circle one

Pipe Size (inches)

12”<Pipe Sizex36”?
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. { | Plan Reference No. 7

Plan Reference No. &

Accpsiable . Pioe sise > 30" | Pye sipe 7 306", A ccgsfable .
' ‘ Mo /mmal- :41150, Ay Agia kT ’
7 exadk (0"
No tjovoz‘

JAN 25, 1996

FIGURE A-10



APPENDIX
B

PIPE SELECTION PROCEDURE FLOWCHARTS



CGSP, SRGSP,

.

CGSSP

P 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 aiternative.

:

Determine minimum Service
Life Required (SLr) in years.

Determine controlling fill
height range in feet.

3

Materials Section will determine
if moisture around pipe will
present a corrosion problem.

NO YES

¥

{Reduce SLb by one half.

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

|Obtain pH &

7
Resistivity values. |

YES
Is pH between or

equal to 3 and 9?

NO . T— .
«———Is this an Aluminized Steel Pipe? |

NO

A

X
Use of Steel pipe
is not acceptabie

Is pH between or
equal to 5 to 9?7

Use AISI Chart for Galvanied

for this location.
NO

Use of Aluminized Steel pipe
is not acceptable as a pipe

*ISteel to determine the Base

YES
Is Resistivity |YES
*lgreater than or
VES equal to 1500
ohm-cm?
NO

YES

4

Service Life (SLb) in years.

A 4

Is Resistivity greater than or
equal to 1000 ohm-cm & pH

Chart in Service Life Chart.

A

Is SLe greater than or

Determine expected Service Life
SLe="Factor X SLb. *See Factor

equal to SLr?

NO
A

be considered if

alternate.

abrasion is a problem
due to bed loads.

A 4
Selection of this alternate is
complete. Proceed to the
next pipe type selection.

A 4

alternate for this location. NO reater than or equal to 7.27?
YES
Is flow velocity in pipe  [*
greater than 7 ft/sec? ~ - _ -
o] S o [
. Service Life. |q
Concrete invert paving,
increasing metal
thickness, using 3
reinforced concrete or Steel Pipe selected
polyethylene pipe will *is an acceptable

Three options are
available. Continue this
loop until acceptable
alternatives are found.

A

Add bituminous
coating which
< adds 20 years to

Increase

pipe gage
thickness.

Service Life. One
application only.

FIGURE B-1



CAP, CASPP
JANUARY 10, 1996

Determine if type of pipe
is a viable alternative.

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

Determine controlling fill
height range in feet.

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

A 4

[Obtain pH & Resistivity values. |

O
fis pH between or equal to 5 to 97 |
YES

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

YES

ry

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

16 gage. |14 gage. |12 gage.

A
ISLe=50 years. | [SLe=62.5 years. | |SLe=87.5 years. |

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

A A

[ is Sie greater than or equal to SLr? |

[NO YES

- —— \ YES |[Concrete invert paving,
Use of Aluminum Pipe is not [1s flow velocity in pipe greater than 7 f'sec? ——>lincreasing metal
acceptable as a pipe NO thickness, using
alternate for this location. reinforced concrete or

! ‘ Aluminum Pipe polyethylene pipe will

Selection of this alternate is selected is an be considered if
next pipe type selection. < alternate. < due to bed loads.

FIGURE B-2



NCRETE P

RCP, NRCP, NRCIPCP
JANUARY 10, 1996

Determine if type of pipe

is a viable alternative.

Concrete Pipe is not acceptable|
as a pipe alternate at this X
location.

4

YES

is Service Life required

greater than 100 years?

NO

\:4

Determine
height range in feet.

controlling fill

A

Is Pipe Class shown on

Determine concrete pipe
alternate under consideration.

Is the class shown on
the Pipe Fill Height

the Pipe Fill Height " NO
Tables? +—— RCP_|NRCIPCP | NRCP |—] 20le¢’
NO YES YES
A+ A
Determine class. Is wall thickness shown on the
Pipe Fill Height Tables?
NO YES Determine class.
Y
Determine wall
thickness in inches. 4
NRCP is
< K - not
f *Obtain pH values. acceptable
as a pipe
alternate at
NRCIPCPis | YES |Are you considering | NO |is pH greater than 5? this
not acceptable | using NRCIPCP? ) location.
as a pipe
alternate at this 0 YES
location. N
. A
Use a bituminous Are there high sulfate YES
coating. »levels in surrounding
s0il?
A 4
Increasing concrete NO Pipe
. strength along with may
- increasing specific require
g;z 'fart;?é asa hardness of the ! type V
pipe glternate at this aggregate will be vEs |is flow velocity in cement
location considered if abrasion | the pipe greater |«
: is a problem due to bed than 40 f/sec?
loads.

»

A 4

Selection of this alternate
is complete. Proceed to
the next pipe type
selection.

lNO
A

Concrete Pipe selected
acceptable alternate.

is an

FIGURE B-3




CORRUGATED HIGH DENSITY

POLYETHYLENE PLASTIC PIPE

CHDPEPP (Cell Class 324420c)
JANUARY 10, 1996

Determine if type of pipe
is a viable alternative.

YES |ls Service Life Required
greater than 75 years?

NO

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

NO

A

NO Are joints approved in the pipe size needed?
(See Approved Products List.)

YES

a8

&

A
YES [i5¥ill height greater than 107 |

NO

Poiyethylene pipe is an
acceptable alternate.

A 4

CHDPEPP is not

acceptable as a pipe Selection of this alternate is
alternate at this complete. Proceed to the
location. next pipe type selection.

A

FIGURE B-4



APPENDIX
C

AISI AVERAGE SERVICE LIFE CHARTS
FOR STEEL PIPE



T ;'3 RNOTA

Average Life-Years 0.052 in. Thick Galvanized Steel Sheet

CHART FOR ESTIMATING AVERAGE SERVICE LIFE OF CORRUGATED GALVANIZED

100

80

60 -

40

20

L

° 10 100 1,000 10,000 100,000

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)

| pH of Environment Normally 100
Thickness, In. | 0052 |0.064 [0.019 0409 | 0438 Joues | 13 Thru 30, o, / /
Cage 18 16 14 12 10 8 R = M!nlmum Reslstlvity >
| Factors | 10| 13| 16| 22| 28| 34 ¢ 80
8 Multiply years by Factor for the Varlous Metal thickness \ '
b

pH of Environment Normally Less than 7.3 /
Years: 21.58 (Log 0 R-Log lo(2I60-2490 Log 0 pH)

o
>>// \\ 20

pipe selection limits
| IO T WY O A I | | N B B B | | I l N I A O A B A

x

Minimum Resistivity (R) ohm cm




-0 NOLA

Average Life~Years 0.052 in. Thick Galvanized Steel Sheet

100

80

60

40

20

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)

T == 100
| pH of Envlronmen'f Normatly L

7.3 Thru 9.0
Thickness, In. | 0.052 | 0.064 |0.019 |0.109 | 0.138 |0.168 Yoarsi2gaR o4

Gage 18 16 14 12 10 8 R=Minimum Reslstivity
S Factor# 1.0 1.3 1.6 22 | 28 | 34
8 Multiply years by Factor for the Varlous Metal thickness \

N

pH of Environment Normally Less than 7.3
i Years=21.58(Log IOR-Log lo(2160-2490 Loglo pH)

o ot I
Zadl
rails
T
2
/\1 AISI chart and
,,,,,, pipe selection limits
-~ e
! | I N N N | I I T I 1 | I I B
10 100 1,000 1500 10,000 100,000

Minimum Roesistivity (R) chm cm




APPENDIX
D

ALLOWABLE TYPES OF CULVERT PIPE

FOR VARIOUS pH AND RESISTIVITY RANGES



RESISTIVITY >2000 1500-1999 | 1000-1499 500-999 <500
(ohm-cm)

ALLOWABLE PIPE A-B-C-D-E | A-B-C-D-E | A-B'-C-D- A-C-D-E A-D-E
OR COATING E

Notes:
1) 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 36/M 36M, and Corrugated Galvanized Steel Structural Plate Pipe
(CGSSPP), AASHTOM 167/M 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 36/M 36M.

The pH RangeisSto9

(except for resistivity range 1000-1499 - see footnote 1).

C | Corrugated Aluminum Pipe (CAP), AASHTO M 196/M 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 D-1



APPENDIX
E

PIPE SUMMARY SHEET



PIOTEs

FOR PIPE CLAVERY PLACERENT
SER STANDARD DRAWRE C-13.15

NOTEs

PIPE OPTIONS SELECTED ARE THOSE
REQUIRED TO MEET THE MININUM
SERVICE LIFE.

ARE NOT ALLOWABLE ALTERNATES,

DESCRIPTION

TVTVMOUVOIO

N
SHADED PIPE OPTION FIELDS R
C
P

CcSP | caP  |RCP

dhIsh ey 4

{ Coaﬂni / &/ /0

<
(e)
N
*‘0
©
HHHHHHH HHHHH H R L
CULVERT APPLICATIO ;
i H H FREE LA 4 1 H H
511+16 1 36 100 i
R RHEH F 1 T HHESFH T T: 1H HE
513+20 2 30 110 i
AP SRS H HHEEEE A AR A 2004 ,'_;[_""""r“ iR T A e
518+45 24 120 i
HHEH R M T H HEEEREN A :;:.
520+02 42 10
AR H T T T R XS HEH H
522+17 24 100 ]
FHH T i Il 1L HHEFHRMR S $EHEHH r T
525+68 48 |120 nn
A L M Hh & i FRHA AR BHEHPHR R H
526+87 60 200 i
R M T; HHHH-HH | HH LI § RS HHER HARE HHHH HH TT
528+17 110 e
1
STORM DRAIN APPLICATION i i
511+16 100 1 EEEETRH R ERER N 3%z
513+20 110 ; ] et st it L L it X
T T GUERRIRERRNS) RENRERERENAANARE) ARSNEARASRRULANES RARNE LIKT SR NAANRANERARERNLS 'I |, .'l)lll|l.I,x 1T TUTYTITITITATY T :l‘l ’III Ty
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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



RCP - LOAD Vs CLASS OF PIPE

Class | RCP - BOO D-load to produce 0.01° crack
(Do not use Class | for pipe less than 60° dia.)
Class Il RCP - 1000 D-load +o produce 0.01° crack
Class lil RCP - 1350 D-load to produce 0.01" crack
Class IV RCP - 2000 D-load tvo produce 0.0l° crack
Class V RCP - 3000 D-load to produce 0.01" crack

CSP IN THE TABLES INCLUDES:

Corrugated Galvanized Steel Pipe (CGSP)

Sprial Rib Galvanized Stee!l Pipe (SRGSP)

Corrugated Galvanized Steel Structural Plate Pipe (CGSSPP)
Corrugated Aluminized Stesl Pips (CASP)

Splral Rib Aluminized Steel Pipe (SRASP)

Concrete - Lined Corrugated Galvinlzed Steel Plpe (C/LCGSP)

CAP IN THE TABLES INCLUDES:

Corrugated Aluminum Plpe (CAP) ‘
Corrugated Alumlnum Structural Plate Plpe (CASPP)

HDPEPP IN THE TABLES INCLUDES:

Corrugated High Density Polyethylene Plastic Pipe (CHDPEPP), cell class 324420c.

Notes:

l. For metal pipe design criteria see *"Corrugated Metal Pipe Structural Design
Criterlia and Recommended Installation Practice," FHWA, 1970.

2. 5° X 1° Corrugated Steel Pipe (CSP) shall be equivalent to 3" X 1® CSP. For fill
heights exceeding 29 feet contact ADOT Roadway Design for equivalent
5* X 1* wall thickness.

3. Ten foot maximum fill 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 subgrade to top of plpe.

5. Shaded areas In tables Indicate plpe slzes outside the normal range of
selection for culvert and storm drain design.



" TREN

CIRCULAR @@WERT STQRM SEWER AND
IRRIGATION PIPES

RANGE 1
FILL HEIGHT: GREATER THAN OR EQUAL TO ' BUT NOT EXCEEDING 3
CSP CAP rcP INRCP|NRCIPCP @|CHDPEPPD
e s
O o In. Class |Class lcln., >

In.|Size™ | In. Size

24 |2%5x Y5 10.064 | 273X Y2 0.060

30|2%;xY>|0.064 | 3 X 1|0.060 i

36|2%X/2(0.064 | 3 X 1/0.060 1l

42 [ 2%3% Y2 10.064 | 3 X 1 |0.060 i

48 | 2%5Xx Y>|0.064 | 3 X 1 |0.060 1l

3 .
2
2
@
5413 x 20064 3x 10060 I | @D | 5V
60(3 x 1®0.064 | 3x1(0.075] 1 | @ 6
66(3 x 1®0.064| 3x1]0015] 1 | D| 6k
1213 x 190.064| 3x 10015 01 | @ 7
7813 x 130.064| 3 X 1]0.075] i ® A
84|3 x 12/0.064| 3 x1|0105| U | @ 8
9013 x 1Po.064| 3x1|0105| 1 | @ 8
963 x 19[0.079]3x1|om05| 0 | @D | 8%
1023 x 100193 x1|oass| U0 | @ 9
1083 x 1Foaoa [3x1(oass| u [ @] 9%
114 13 x 19 0.109 |9x2¥, | 0.100| 300® @ 10
120 |3 x 1®]0.109 [9x2¥; |0.100 | 300® @ | 10 ¥
(D  CORRUGATION SIZE IN INCHES: 2%3°X /2" = 2%3X )2, 3°X1® = 3Xl, ETC.
@  NOT APPLICABLE FOR THIS INSTALLATION, USE OTHER EQUAL ALTERNATIVES.
G  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR
NON-TRENCH CONDITION.
(@  CELL CLASS NO. 324420C.
(B  5* X 1° CORRUGATION SHALL BE EQUIVALENT TO 3* X 1"
®  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A .01" CRACK.




CIRCULAR CULVERT, STORM SEWE
IRRIGATION PIPES

RANGE 2
FILL HEIGHT: GREATER THAN 3' BUT NOT EXCEEDING 5°
CSP CAP rcp |NrcP|nReipcPOlcHoPEPP®

Dia WALL

in.|size? | In. |s1ze?]in. | Class |Class] THIGKNESS

12

15

18

21 I H R A e Tt

24| 2%5% Y>10.064 1

30| 294XV, |0.064 | 3 X 10,060 | 1 | | 3 oK

36 | 294X Y| 0.064 | 3 X 10,060 | 1 | | 3 Vs oK

42| 29XV, |0.064 | 3 X 1]0.060] 1 | @ 4

48|2%xY>10.064 | 3 X 1 { 0,060 U ® 5

54|13 x (20.064| 3x1/0060] 11 | D | 5

603 X 1D0.064|3x1(0075 11 | @ 6

66]3 X 19]0.064|3%110075| 1 | @ | 6

1213 x 90.064| 3x1(0015] 1 | @ 7

7813 x 1C0.064|3%X1(0015 W | @ | 7V

g4]3 x 1®o.06a|3x1[01050 1 | @ 8

903 x Doosa|3xt|owos| u | @ 8

963 x {2/0.079|3x1|0M05| u | O | 8%

102]3 x Doot9l3x1(0435| 1 | @ 9

1083 x @008 [3x1{0138| U | Q| 9V

14 |3 x 1] 0.109 | 9x2¥, | 0100 | 200® @ 10

12013 x 1@ 0.109 | 9x2V; | 0100 | 900® @ | 10 ¥,
(@  CORRUGATION SIZE IN INCHES: 2%s°XJz* = 2%5X /2, 3°XI* = 3XI, ETC.
@  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
3  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR

NON-TRENCH CONDITION.

® CELL CLASS NO. 324420C
® 5% X 1" CORRUGATION SHALL BE EQUIVALENT TO 3" X 1°,
®  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A 01" CRACK.




CULVERT, @T@RM SMEE AN@
IRRIGATION PIPES

RANGE 3
FILL HEIGHT: GREATER THAN ' BUT NOT EXCEEDING 8
csSP CAP RCP |NRCP|NRCIPCPO|CHDPEPPY

Dia WALL

In Slze® In Size® Class ClassTchlls(wNESS

24| 295XV, |0.064 | 2%x¥o|0.080| 1 | 2 0K

30| 2%4xY2|0.064 | 3 X 1 [0.060| 0 | 2 3 oK

36| 2%3XY2|0.064 | 3 X 1 |0.060 i 2 3 Y 0K

42 |2%x),10.064 | 3 X 10,060 1 ® 4

48 | 2%x Y, |0.064 | 3 X 1 |0.060] I | @ 5

54]3 x Do.06a| 3x1]0080] U | @ | 5%

603 x 20,064 |3 x 10075 # | @ 6

66|13 X 100064 | 3%x1(0075] U | @ | 6k

7203 x @0.064| 3 x1]0015] 1 | ® 7

78|13 x 13]0.064 | 3X10075] 1 | @ | 7l

843 x 1Jo.06a|3x1[0105| 1 | @ 8

90]3 x D o0.064|3x1|0105] 1w | @ 8

963 x @0.079|3x1{0105| u | @ | 8l

10213 x o019 3x1|0138| 1 | @ 9

108[3x D003 [3x1|0a35| 1 |[-D| 9

14 |3 x ©) 0109 | ax2y, | 0.100| 300®| @ 10

12013 x 2] 0.109 | 9x2Y¥; | 0.00 | 900® @ | 10 ¥
(D  CORRUGATION SIZE IN INCHES: 2%3°X Yo" = 2%3X )2, 3°X1* = 3XI, ETC.
NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
(®  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR

NON-TRENCH CONDITION.

@  CELL CLASS NO. 324420C
®  5° X 1" CORRUGATION SHALL BE EQUIVALENT TO 3* X 1"
®  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A .01" CRACK,



ULVERT, STORM SEWER AN
RRIGATION PIPES

RANGE 4
FILL HEIGHT: GREATER THAN 8' BUT NOT EXCEEDING If°
CSP CAP RcP |NRCP|NRCIPCPO|CHDPEPPD

Dia WALL

In. Size® In. Sﬂze<D In. Class |Class THK:I';F\,‘ESS

12 |

15

18

21

24 0.064 0.060 )

30 {2%XY,10.064 | 3 X 1 |0.060| I ® 3 ok®

36 295X Y,]0.064 | 3 X 1 [0.060] W | ® | 3V ok®

42 12%5xY,10.064 | 3 X 1 |0.060| ® 4

48 | 2%3xY,|0.064 | 3 X 1 |0.060| 1INl ® 5

543 x 19]0.064 3 X 1 [0.060| 1 ® 5 Yo

6013 x 1®/0.064 |3 x1[0075| W | @ 6

66(3 x 19/0.064 |3 x 10075 W | @ | 6%

7213 x 1®]0.064| 3 x1[0075] W | @ 7

78(3 x 1©]0.064|3%x1(0.075] w | @ | 1)\

843 x 1©/0.064 |3 x1|0105| W | @ 8

90|3 x 1®/0.064 |3 x1|0105| W | @ 8

96 (3 x 1©]0.073] 3 x 1 |0.105 | 1l 8 ¥z

102|3 x 10073 |3 x1 {035 | 1 | @ 9

1083 x 1©/0009 [3x1 {0135 0 | ® | 9%

na |3 x 1©]0.109 |9x2¥, | 000 | 9452| (3 10

1203 x 19| 0.109 | 9x2¥, | 0100 | 9400 @ | 10 ¥
(@  CORRUGATION SIZE IN INCHES: 2%3"X Yo" = 29X Yo, 3°X1* = 3XI, ETC.
@  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
®  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR

NON-TRENCH CONDITION.

@  CELL CLASS NO. 324420C.
®  MAX FILL HEIGHT 10’
® 5" X 1° CORRUGATION SHALL BE EQUIVALENT TO 3* X 1=
@  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A .01" CRACK.




i !
B s3]

WER AND

. CULVERT, STORM S

IRRIGATION PIPES
RANGE 5
FILL HEIGHT: GREATER THAN [I' BUT NOT EXCEEDING I5'
CSP CAP RCP |NRCP|NRCIPCP®

Dia WALL

tn. Size® In, Size® In. Class |Class THICI';'?ESS

12 | 2

15 |

Y oo P oo v v

2l

24 0.064 0.060 @

30 |2%3X¥2|0.064 | 3 X 1|0.060 | 1V ® 3

36 |2%4xY,|0.064 | 3 X 1 {0060 v | @ 3 Y,

42 |2%xY,|0.064 | 3 x 1 [0.060] v | @ 4

48 |2%xY,|0.064 | 3 x1|0.060| v | @ 5

54{3 x 1@ 0.064| 3x1[0060| IV | @D | 5%

60|13 x 190,064 |3 x1(0075] W | @ 6

663 x 190.084| 3 x1(0075| Iv | @ | 6V

72|13 x 190,064 |3 x 1 [0075] v | @ 7

78]3 x 190,064 |3 x1]0015] v | @ | 7V

84|3 x 190.064 |3 x1|0105| IV | @ 8

903 x 1®]0.064 | 3x1|0d05| W | @ 8

96(3 x 19]0.079|3x1(0d05] W | @ | 8

10213 x 190019 3 x1[0435| W | @ 9

1083 x 1D otos | 3x1|oa3s| m | @ | 9

14 |3 x 19 0.109 | 9x2¥; | 0.100 | 1260°] @ 10

1203 x 1®] 0.109 | 9x2¥s | 0.100 | 12459 @ 10 ¥,
@  CORRUGATION SIZE IN INCHES: 2%3"X V" = 273XV, 3°X1® = 3Xl, ETC.
@  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES,
®  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR

NON-TRENCH CONDITION.

@ 5% X 1" CORRUGATION SHALL BE EQUIVALENT TO 3" X 1°
®  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A .01" CRACK.




EN

CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 6
FILL HEIGHT: GREATER THAN 15 BUT NOT EXCEEDING 20'
CSP CAP RCP |NRCP|NRCIPCPO
Dia WALL
i l512e®| 1. |s1ze®]in. | Class [Class] i
- S e i
5
18
21 @ @
24 2%3x Y2 @
30|2%XY>|0.064 | 3 X 1|0.060| IV ® 3
36 | 2%XY>|0.064 | 3 X 1/0.060| IV ® 3 Y
42 |2%3XY2|0.064 | 3 X 10.060| 1V @ 4
48| 2%xY,|0.064 | 3 x 1]0.060| IV ® 5
54|13 x 1©0.064| 3x1|0080| W | ® | 5%
6013 x 190,064 | 3 x1[0075| vV | @ 6
6613 x 19]0.064| 3x1]001s| IV | @ | 8 ¥
7213 x 190,084 | 3x1(0075] vV | @ 7
78(3 x 1®0.064| 3x1{00715] IV | @ | Tk
843 x 1©900.064| 3x1]{0105| IV | @ 8
0|3 x 19]0.064 | 3 x 1]0.105 | 1706%| @ 8
963 x 190.079 | 3x 10105 | 16850 @ | 8 ¥, @
10213 x 1¥0.079 | 3 x 1]0435 | 16707 @ s @
10813 x 1% 0109 | 3x1]0435 | 16600 @ | 9 ¥ @
4 |3 x 190,109 | 9x2¥; | 0125 | 16100 @ 0 ©
1203 x 19| 0.109 | 9x2¥; | 025 | 16052 @ | 10 .©
(D)  CORRUGATION SIZE IN INCHES: 2%3"X /2" = 273X )2, 3°X1* = 3Xl, ETC.
(D  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
(3  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS.
(@  MAXIMUM FILL HEIGHT 19'
(3  MAXIMUM FILL HEIGHT 18'
(® 5" X 1" CORRUGATION SHALL BE EQUIVALENT TO 3° X I°.
(D  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A .01" CRACK,




M SEWER AND
IRRIGATION PIPES

RANGE &
FILL HEIGHTs GREATER THAN 15' BUT NOT EXCEEDING 20’
CSP CAP RCP |NRCP
Dia
o In. ’SlzeCD In. Class |Class

In.|Size

24| 2%5x Y, |0.064 | 273X ¥/ 0.060| v | @

30| 294XV, |0.064 | 3 X 1]0.060| v | @

36 | 275X Y, |0.064 | 3 X 1 0060 IV | @

42 |2%5% Y2 [0.064 | 3 X 1 |0.060| IV

48 | 2%3% Y, 10.064 | 3 X 1 |0.060| IV ®@

54|13 x 19]0.064 | 3x1/0060] IV | @

60|3 x 190.064| 3x1]0.075] v [ @

66|53 x 190,064 | 3x1{0015] v | @

7213 x 190,064 | 3x1[0075] WV | @

78|3 x 19]0.064 | 3 x1]0015| vV | @

8al3 x 190,064 | 3x1]0005| v | @

903 x 190.064 | 3 x 1 |0.105 | 1785Y @

5613 x 190,079 | 3 x 1 | 0405 | 17959 @

10213 x 190,079 | 3 x 1 | 0435 | 1790% @

10813 x 19 0.109 | 3 x 1 0435 | 177068 @

na |3 x 190.109 |9x2¥, |0.125 11508 @

12013 x 19 0.109 | 9x2¥, | 0.125 | 17559 @
()  CORRUGATION SIZE IN INCHES: 2%"X Yo" = 2%3X VY, 3*X1® = 3XI1, ETC.
@  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
(3  5° X 1* CORRUGATION SHALL BE EQUIVALENT TO 3° X I".
(@  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A .01" CRACK.




ENC N
CULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 7
FILL HEIGHT: GREATER THAN 20" BUT NOT EXCEEDING 25'
csP CAP RCP |NRCP|NRCIPCP®
Dia WALL
In. Slze(D In. Slze® In. Class {Class -”‘”Cl'r(wr‘"{SS
12 |; A2
15| e
18| £
21 | \2)
24 0.064 0.060 @)
30(2%XY,|0.064 | 3 X 1{0.060| V @ 3
36| 2%X Y (0.064| 3x1]0060] IV | @ | 3V
42 |2%5xY,|0.064| 3 X 1[0.060| IV ® 4
48 |2%xY,|0.064| 3 X 1]0.060| V ® 5
543 x 1%0.064| 3x1/0.060] vV | @ | 5%
6013 x 190064 3x1(0075] v | @ g @
663 x 1¥0.064| 3x1(0015] v | @ | 6)°
7213 x 190,064 3x1(0075] v | @ 7 ©
78(3 x 19/0.064 | 3 x1{0.075|2015°] @ | @
8413 x 1900.064 | 3 x 1[0.105 | 20550 @ @
90(3 x 19 0.064| 3 X 1]0.105 | 203:2| @ ®
963 x 19]0,073| 3 x 1]0.105 | 20267] @ ®
10213 x 190.079] 3x1]0a35 | 2009 @ | @
1083 x 10409 | 3x1{0a35 | 19950 @ | @
na |3 x 19} 0.109 {9x2¥, {0450 | 19402 @ | @
120 |3 x 19| 0.109 | 9x2Y; |0.150 | 19359 (D ®
(D)  CORRUGATION SIZE IN INCHES: 2%5°XVz* = 2%X V. 3°XI* = 3XI, ETC.
(@  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
(3  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS.
(®  MAXIMUM FILL HEIGHT 24'
(®  MAXIMUM FILL HEIGHT 21"
(® 5% X 1" CORRUGATION SHALL BE EQUIVALENT TO 3" X I*
(?  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A .01® CRACK.




CIRCULAR CULVERT, STORM SEWER AND
IRRIGATION PIPES
RANGE 7
FILL HEIGHT: GREATER THAN 20' BUT NOT EXCEEDING 25
csP CAP RCP [NRCP

Dia

In. Slze(D In. Class [Class

12 ;

15

18

21

24|2%3% Y2|0.064 | 2%3x Y/ 0.060 v @)

30|2%xY,|0.064 |3 x 1 [0.060] V | @

36 |2%xY,|0.064 |3 X 1 |0.060| V | @

42 |2%X/2|0.064 | 3 X 1 {0,060 V ®

48 | 2%3XY>{0.064 | 3 x 1 |0.060| V ®

5413 x 190,064 |3 x1(0.060| V ®

603 x 190.064 | 3 x 1 |0.075 v @

66(3 x 1%]0.064 |3 %1 (0075 Vv | @

123 x 190.064 |3 x 1 0075 vV | @

71813 x 190.064 | 3 X 1 [0.075 | 22759 @

843 x 190.064 | 3 x 1 |0.105 | 2240%] @

903 x 1¥0.064 |3 x 1 |0.005 | 22509 @

9613 x 19)0.073[3 x 1 [0.05 | 2245® @

102]3 x 190,079 |3 x 1 {0435 | 22109 @

1083 x 190109 | 3 x 1 {035 | 22359 @

14 |3 x 190.109 | 9x2¥; |04s0 | 21807 @

1203 x 19 0.109 | 9x2¥» [0.150 | 2185% @
(D)  CORRUGATION SIZE IN INCHES: 2%5"X )" = 2%3X /2, 3°X1° = 3XI, ETC.
NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
()  5° X 1" CORRUGATION SHALL BE EQUIVALENT TO 3* X I°.
(@  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A .01" CRACK.




CIRCUI R @HLVERT STQRM SEWER

IRRIGATION PIPES

RANGE 8
FILL HEIGHT: GREATER THAN 25' BUT NOT EXCEEDING 30°
CSP CAP RCP |NRCP|NRCIPCP®
Dia WALL
in.512e® | 1. |s1ze®|in. | Class |class " ine
12|
15
18
21|
24 0.064 0.060] Vv | @
30|2%X /210,064 | 3 X 1 |0.060| V @ 3
36 |2%XY,|0.064 | 3 X 1 |0.060| V @ 3 ¥
42 |2%X Y2 {0.064 | 3 X 1 |0.060| V 3] 4
48|2%XY2|0.064 | 3 x 1 |0.060| V @ 5
54|3x 190.064|3x1]0060] V | O] 5%
60|13 x 1%0.064a|[3x1|00715| vV | @ | ©
66|13 x 1900643 x1(0075| Vv | @ | @
7213 x 1%0.064|3x 10075 vV | @] ®
783 x 190.064 | 3 x 1 ]0.075] 2380° @ | @
8a|3 x 120.064 |3 x1 0105 2366°| @ | @
903 x 190.064| 3 x 1 [0105 | 23459 @ | @
96|13 x 10.079 | 3 x 1 [0.105 | 2338%| @ | @
10213 x 1900793 x1]0435 | 2328® @ | @
10813 x 1900009 [ 3x1]0435| 230°l @ | @
na |3 x 120.109 |sx2¥, |0.150 | 2245® @ ®
120 |3 x 120,109 |9x2¥, |0450 | 2240%] @ | @
()  CORRUGATION SIZE IN INCHES: 2%3°X )" = 2%3X Yo, 3°X1* = 3XIl, ETC.
()  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
(3  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS.
(@  MAXIMUM FILL HEIGHT 26'
(]  5° X 1* CORRUGATION SHALL BE EQUIVALENT TO 3* X 1" FOR FILL HEIGHTS NOT
EXCEEDING 29 FEET, FOR FILL HEIGHTS EXCEEDING 29 FEET CONTACT
ADOT ROADWAY DESIGN FOR EQUIVALENT 5° X 1° WALL THICKNESS.
(®)  SPECIAL DESIGN MUST MEET INDIC

A 01" CRACK.



CH_CONDIT

CIRCULAR CULVERT,STORM SEWER AND
IRRIGATION PIPES
RANGE 8
FILL HEIGHT: GREATER THAN 25' BUT NOT EXCEEDING 30'
csP CAP RCP |NRCP
................. Class
24|2%X Y>10.064 | 293X Y2| 0.060| Vv ®
30|2%XY2{0.064 | 3 x 1 |0.060] V | @
36 [2%3XY2{0.064 | 3 X 10.060| V | @
42| 2%xY,|0.064 | 3x 1]0.060| v | @
48 [2%% Y2 |0.064 | 3 X 1 |0.060| V ®
543 x 1%0.064|3x1 0060 v | ®
60|3 x 190.064] 3x1]0075] v | ®
663 x 19 0.064] 310075 v | @
72]3 x 19 0.064] 3x 1 (0075 v | @
783 X 1°0.064| 3 X 1[0.075 ®
84]3 x 15 0.064| 3 X 1|0.105 ®
90|3 x 19 0.064| 3 x 1 | 0.105 ®
96|3 x 190.079] 3 x 1]0.105 ®
1023 x 190.079 | 3 x 1 | 0.135 ®
108]3 x 19 0109 | 3 x 1] 0135 ®
na |3 x 19 0.109 | sx2 ¥ 0.150 @
12013 x 1% 0.109 | 9x2 % 0.150 ®

CORRUGATION SIZE IN INCHES: 2%3"X /" = 2%3X Y2, 3°X1" = 3XI, ETC.

NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.

5° x 1* 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 1" WALL THICKNESS.

® OO



CONDITION
. CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 9
FILL HEIGHT: GREATER THAN 30' BUT NOT EXCEEDING 40
csP CAP RCP [NRCP|NRCIPCPO

Dia WALL

In. SizecD In. Size® In Class |Class THIC!T\TESS

12 e

15 |

18 |

24|2%xY2|0.064 0.060| V ®

30|2%XY2|0.064 | 3 X 1 |0.060| v ® 3

36| 2%XY2|0.064 |3 x 1 {0060 V | @ | 3/

42|2%xY,|0.064 |3 x 1 [0.060] V | @ s @

48|2%5%¥>10.064 |3 X 1 |0.060| ® | @ @

5413 X1 (0.064|3x1[0075| Vv @ @

60| 3 X1 0.064|3 X1 (0075 Vv ) @

66| 3 X 1100643 X1]0075]| v @

7203 X1 {0.064 |3 X1 |0.105 v | @ ©

78] 3 x 1 {0.079 |3 x 1 0405 | 2900% @ | @

84| 3x1]0.079|3x1|0105 | 2890% @ | @

90| 3 x 1 [0.079 |3 x 1 |odos | 2880% @ | @

9|3 %1 (0409 [3x1]0435 | 2815% @ | @

102] 3x1 |og09 |3x1 0435 | 2870°] © | @

10813 x1 (0109 |3x1]0135 | 2865° @ | @

143 X 1 |0.109 |9x2¥, |0:200 | 27852 @ | @

120| 3 X 1 |0.109 |9x2¥> |0.200 | 2190% @ | @
()  CORRUGATION SIZE IN INCHES: 2%3*X ;" = 2%3X Y2, 3°X1° = 3XI, ETC.
(@  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
()  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS
(&)  MAXIMUM FILL HEIGHT 38'
(5  SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE

A .01" CRACK.




FILL HEIGHT: GREATER THAN 30' BUT NOT EXCEEDING 40’

csp CAP RCP |[NRCP
Dla
In. Slze® In. Size® In, Class {Class
2 % 5
15
18 ¢
20 @ @ B8
24 2%XY»|0.064 | 295X Y,/0.060 | (D )
30 2%XY2|0.064 | 3 x 110060 @ | @
36 2%%Y2|0.064| 3 x1/0.060| @ | @
42 2%3%Y2|0.064 | 3 x 1 [0.060f @ | @
48 2%xY2|0.064 | 3 X 10,060 @ | @
54 3x1(0064|3x1[0075] @ | ®
60 3 X1 |0.064|3%X1(0075| @ | @
66 3 X1 |0064|3x1(0075! @ | @
72 3%x1 (0064 3x1|0105]| @ | @
78 3X1 (0079 3x1|0M05| @ | @
84 3x1 (0079 3x1lodos| @ | @
90 3Xx1 [0079|3x1|0105| @ | @
96 3 X1 (0109 [3X1[oa3s | @ | @
102 3 X1 1009 | 3X1{0135 | @ ®
108 3X1 0409 |{3x110135| @ | @
114 3 X1 ]0.109 |9X2)2 (0,200 @ | @
120 3 X 1 |0.109 |9X2}2 {0.200| (D ®

@O

CORRUGATION SIZE IN INCHES: 2%3°X V2" = 2%3X Yz, 3°X1* = 3XI, ETC.
NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.




CULVERT, STORM SEWER AND
IRRIGATION PIPES

RANGE 10
FILL HEIGHT: GREATER THAN 40' BUT NOT EXCEEDING 55'
cSP CAP RCP |NRCP|NRCIPCP®

Dia WALL
In. Slze(D In. Size(D In. Class |Class TH]CIQIESS
12 | 293X/
15 |
18 |
21
24 0.064 | 2%3X /2 v ®
30|2%5X Y, 0.064| 3 x 1 |0.060| V ® 3
36|2%5XY,|0.064| 3 x 1 {0.060| V ® 3 ¥,
42 | 2%3XY,|0.064 | 3 X 1 {1 0.075| V ® ®
483 x1(0.064{3%x1(0075| @ | @ @
54/ 3x1/0079|3x1lo0s| @ | @ ®
60| 3 x1[0079|3x%x1]0105| @ | @ ®
66]3 x 100793 x1|0do5 | @ @
72/3x1|0109(3x1(0a35 | @ | @ ®
78{3x1(0108[3x10a3s | @ | @ ®
ga|3x1lot0s|3xtjoazs | @ | @ @
90/3x1(0109[3X11joa3s | @ | @ @
96| 3 x1]0138 | 9x2)2|0.225 | @ | @ ®
1023 x 1 |0.38 | 9x2¥,[0.250 | @ | @ ®
108| 3 X 10438 | 9x2¥%2(0.250 | @ | @ ®
ma|3xi1/o38| @ ® | @ ®
12003 x1(0138| @ ® ® ®

(D  CORRUGATION SIZE IN INCHES: 2%"X V2" = 233X V2, 3°X1* = 3XI, ETC.
(@  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES,
(3  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS.



SR@@ R @@LVERT Q"EQRM SEWER AND
IRRIGATION PIPES

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

CSP CAP RCP |NRCP
Dia
in. Size® In, Size? In. Class |Class
i o
I5 |2
18|
21|
24 z%x}’z 0.064 | 2%5X ¥, | 0.060 | (@ @
30(2%%Y2|0.064 | 3 X 1 |{0.060| (D ®
36|2%XY210.064 | 3 X 1 [0.060| (@ ®
42|2%% /2 |0.064 | 3 X 1 |0.075 | @ )
4813 x10.064|3%x1 /0015 @ | @
54{3 X1 [0079|3x1]0405 | @ | @
60/ 3 X1 (0079 |3x1(0105| @ | @
66/3 X1 (00793 X1 {0105 | @ ®@
72|3x1 (0103 [3x1(|0035 | @ | @
783 X1 (0409 |3 X1 [0135 | D )
84/3x11]0109 [3x1]0135 | @ | @
90|3x10109 [3x1(0135} @ | @
963 X1 |0.138 | 9x2), [0.225| @ | @
102|3 X1 {0138 |9x2/2 |0.250 | @ | @
1083 X 1 |0.138 | ax2V¥, |0.250 | @ )
H4|3x1{0138 | @ ® | ©
12013 X 1 {0.138 ® ® )

(D  CORRUGATION SIZE IN INCHES: 2%3°X Yo" = 273X Y2, 3°X1® = 3XI, ETC.
(@  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.



CULVERT, STORM SEWER AND

CIRCUL
IRRIGATION PIPES
RANGE 11
FILL HEIGHT: GREATER THAN 55' BUT NOT EXCEEDING 70'
csP CAP RCP |NRCP|NRCIPCP®)

Dia WALL
in|size® | 1n.  |5126@in. | class |class] ine
24 |2%5%Y2| 0,064 | 2%5x Yo 0.060| v | @ i@y
30| 2%xY,| 0.064]3 X | |0.060| V ® 3
36(2%4XY, | 0.064| 3 X | |0.075| v ® 3V
4203x1lo079|3x10105| @ | @ @
a8/ 3x1/0079|3x1]odos | @ | @ @)
54/ 3x1(0109 [3x1{0435 | @ | @ )
60| 3x 10109 |3x1 (0135 @ | @ ®
66| 3 X 10109 |3 X1 |0.135 ® @
72/ 3 x1(0109 |[9x2fp o225 | @ | @ | @
78| 3 X 1(0.138 | 9x2¥, |0.225| @ | @ ®
84| 3 x 10438 |ax2), 0250 @ | @ ®
90| 3 x 10138 | @ ® ® ®
96| 3 X 1[0.168 | (D @ | ©® @)
102! 3x1(0.168 | @ @ | © )
108| 3 x1]0168 | @ ®© | © ®
114 |3 x1|0168 | @ @ | ©® ®
120| 6 x 2/0.249| (@ ® ® ®

(1)  CORRUGATION SIZE IN INCHES: 2%3*X/2* = 2%3X V2, 3*XI" = 3XI, ETC.
(2) NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
(3)  NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS.



R CULVERT, S?QRM SEWER AN@

CIRCULA
IRRIGATION PIPES
RANGE 11
FILL HEIGHT: GREATER THAN 55 BUT NOT EXCEEDING 70’
CSP CAP RCP [NRCP
Dla
o In.

Class |Class

24| 2%5% Y2 | 0.064 2% 0.060| @ | @
30|2%xY,|0.064| 3 X 1 |0.060| @ | @
36|2%XV2|0.064| 3 X 10075 @ | @
42| 3 X1]0.079| 3 X 1}0.105 @. )
48| 3 x11(0079/3%x1]|0405| @ ®
54/ 3x1]odos [3x1|oa3s| @ | @
60| 3 X 1]0.408 |3 %1 |0435| @
66| 3x1/0109 |3 x1|0oa35| @ | @
720 3 x 1 (0409 | 9x2¥2 |0.225| @ | @
78] 3 X 1]0138 | 92z |0.225| @ | @
84| 3 X 10138 | 9x2¥2|0250| @ | @
90| 3 x1(0438 | @ ® | ©
963 x 10168 | @ ® | @
1023 x1 (0168 | @ ® | ©®
108] 3 x1[0.168 | (2 ® |0
na{3x1j0168 | @ ® | @
12016 X 2{0.249| @ ® |©

(D  CORRUGATION SIZE IN INCHES: 2%3°X}z" = 273X V2, 3"X1* = 3XI, ETC.
(2  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.



4

[ON
\R CULVERT, STORM SEWER AND

CIRGULS
IRRIGATION PIPES
RANGE 12
FILL HEIGHT: GREATER THAN 70' BUT NOT EXCEEDING 90’
CSP CAP RCP |NRCP|NRCIPCP®)

Dia WALL
[a Slze® In. 'Slze<D In. Class |Classg] TchlﬂjEss
12 | 2%4% ) 2
B @ 0 ©
18 | 273X V2| 0.064 | 273X V2 v ©@ ®
21 ® ® v | @ @
24 |2%x% V> | 0.064 | 2%5x Y, 0.075| @ | @ ®
30 |2%4X Ve | 0.079 |2%5x %, | 0005 | @ | © 3
36| 3 X 1 |0.079 |2%x/l 0005 | @ | @ 3 Y
42|3x1 /0009 |3x1]0135] @ | @ ®
4813 x1 0109 [3x1]0135| @ | @ @
54/3x1 /01093 |3x1]0135| @ | @ ®
60| 3 X 1 |0.38 | 9X2¥%2 10225 @ | @ ®@
663 x 1 |0.438 | 9x2¥%.|0.250| @ | @ ®
72{3x1 (0138 | @ ©® | © ®
7813 x1|0168 | @ @ | ©® ®
84{3x1 0168 | @ @ | @ @
90|3 X1 |oles | @ @ | ® )
9% |6 X 2 [0.249| @ ® | ©® ®
102|6 x 2 0.280] @ ® ol @
108 |6 x 24 0.280| @ @ | ]| @
na le x Yo2so| @ @ | ©® o)
120 |6 x 29 0.280| @ o | o @

CORRUGATION SIZE IN INCHES: 2%3°XY2® = 2%5X VY2, 3°X1° = 3XI, ETC.

NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.
NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS.

SIX BOLTS PER FOOT.

©®EOEO




ITION

@QLVERT $TQRM SEWER AND
IRRIGATION PIPES

RANGE 12 |
FILL HEIGHT: GREATER THAN 70" BUT NOT EXCEEDING 90'
CSP CAP RCP |NRCP
Dia
In. O In. Slze<D In Cl‘ass Class|

24| 294X V| 0.064 | 2%5X ¥2| 0.075

30| 2%x Y, | 0.079 | 2%5X /2 | 0.105

361 3 X 1 |0.079 {2%:XY2{0.105
4213 X 110109 | 3 X11]0.135

48| 3 X1 {0.109 | 3 X 1 |0.I135

543 X 110109 | 3 X1 0.135

60| 3 X | [0.138 | 9x2, | 0.225

66| 3 X 1 |0.138 | 9x2¥, | 0.250

108 |6 x 22 0.280

na |6 x 220,280

SIS SACASHSHSHSASHSHSACHSHASHSAS)
SECHSHASASHSHSHOHSHASHSHSOHS S SRS,

SASHCHSHSHSASASAUT)

120 [6 x 2%]0.280

(D)  CORRUGATION SIZE IN INCHES: 2%5°X )" = 273X V2, 3°X1* = 3XI, ETC.
(@  NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EQUAL ALTERNATIVES.

SIX BOLTS PER FOOT.



TABLE 1A
CORRUGATED, STEEL PIPE ARCH 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 | CORNER MAXIMUM CORNER PRESSURE - 4000 LBS / SO. FT. |
AREA | RADIUS 1o ™ neaelia Ga. - .079°|12 Ga. - 1097 |10 Ga. - .138°| 8 Ga. - .I68°

Min. Max. | Min., | Max. | Min. | Max. | Min. | Max. | MIn. | Max.

SPAN X RISE

SQ. FT, | INCHES

28° X 20° 2.9 5% i 13 1 13 1 13 1 13 1 13

35° X 24° 4.5 6% 1 12 i 12 I 12 1 12 1 12
42° X 29° 6.5 8Y 1 12 1 12 1 12 1 12 1 12
49* X 33° 8.9 9% ] 12 1 12 1 12 1 12
57 X 38* 1.6 i | 12 1 12 | 12
4" X 43" 14.7 12% i 12 ! 12 1 12
ne X 47° 18.1 13% ol i2 1 12
77° X 52° 21.8 15V i 12
83" X 57° 26.0 16¥> ! 12




g : TABLE 1A “
s CORRUGATED, STEEL PIPE ARCH 2 %5* X 1/2° CORRUGATIONS

RIVETED, WELDED OR LOCK SEAM FABRICATION
H-20 LOADING

FILL HEIGHTS TO TOP OF SUBGRADE - FT.
OPENING | CORNER

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

8 . ] - ) - o - = 1
. SPAN X RISE 16 Ga. - 064°|14 Ga. - .0797]12 Gaa‘ 109" 10 Ga. - .138°| 8 Ga. - 168" |

S0. FT. | INCHES

Min. | Max. | Min. | Max. Min. | Max, | Min. | Max. | Min. | Max.

28* X 20° . - | 13

35° X 24° 45 6% I R 1 12 ! : 12

42" X 29° 6.5 8Y4 1 12 1 12 1 12 1 12 i 12

49° X 33° 89 | % 1 12 1 12 I B 1 12

57" X 38° 1.6 u | ) 12 1 12 1 12

" g4 X 43° 11 | 2% ~ 1 12 i 12 1 12
o TS X AT 18.1 13%, , ! 12 ) i2
77 X 52" 219 15Y/s | i 12

83" X 57° 26.0 16Y2 ! 12




e

TABLE 1B

CORRUGATED, STEEL PIPE ARCH 3° ¥ 1° CORRUGATIONS

RIVETED, WELDED OR LOCK SEAM FABRICATION

H-20 LOADING
FILL HEIGHTS TO TOP OF SUBGRADE - FT.
G176 -IncHEs | OPENING | CORMER AX. CORNER PRESSURE-4000 LBS/SQ. FT.
AREA | RADIUS o~ .079* 12 Ga. - .109°| 10 Ga. 138" | 8 Ga. - .168°
SPAN & RISE | S0. FT. | INCHES
Min. | Max. | MIn. Max. | Min. |Max. | Min. Max.
60" X 46" 5.6 | 18% i 21 1 21 ) 21
66" X 51° 19.3 20¥4 1 21 1 21 1 21
73° X 55° 232 | 22% 1 20 i 20 1 20
81* X 59° 27.4 | 20% i 17 1 17 i 17 | 17
87" X 63° 32.1 22% 1 1 i 17 1 17 1 17
95° X 67° 3.0 | 24% i 17 1 17 1 17 1 17
103* X TI° 42.4 26%s 12 17 1Y 17 12 17
12° X 75° 48.0 21% 1Yz 16 12 16 12 16
e X 79° 54.2 29Y> 1Yz 16 12 16 12 16
128° X 83° 605 | 3% ' 2 16 2 16
137° X 8T° 67.4 | 33 2 16 2 16
142° X 91 74.5 34%; 2 16




TABLE 1B
CORRUGATED, STEEL 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 MAX. CORNER PRESSURE-4000 LBS/SQ. FT.
AREA | RADIUS 14 Ga. - .079°12 Ga. - .109°|10 Ga&, - .138°| 8 Ga. - 168°
SPAN & RISE | SO. FT. | INCHES
Mim. | Max. | Min. |Max. | Min, |Max. | Mirn. Max.
60° X 46° 15.6 18¥, 1 21 ! 21 1 21
66° X 51° 19.3 20%s 1 21 1 21 ! 21
73" X 55° 23.2 22% ! 20 ] 20 i 20
81° X 59° 27.4 20% 1 17 1 17 1 17 1 17
87° X 63° 32.1 22% 1 17 1 17 1 17 1 17
95°* X 67° 37.0 24% 1 17 1 17 1 17 ! 17
103* x TI° 42.4 26Ys 1Ye 17 1/2 17 1Y, 17
112° x 75° 48.0 219, 1Y2 16 1Y 16 1Y2 16
e X 79° 54,2 29Y2 12 16 1Y, 16 1Yz 16
128" X 83° 60.5 VA 2 16 2 16
137° X 87° 67.4 33 2 16 2 16
142° X 91° 74.5 34%, 2 16




TABLE 2A

STRUCTURAL PLATE, STEEL PIPE ARCH 6° X 2° CORRUGATIONS

BOLTED FABRICATION

H-20 LOADING
FILL HEIGHTS TO TOP OF SUBGRADE - T,

SIZE - INCHES |OPENING| CORNER | MAXIMUM CORNER PRESSURE - 4000 LBS / SQ. FT.
SPAN X RISE | AREA | RADIUS | 12 Ga. - .1lI° | 10 Ga. - .140% 8 Ga, - .170°| 7 Ga. - .188°
FEET-INCHES |SQ. FT.| INCHES | Mir. |Max.| Min. | Max.| Mir. | Max. Mim, | Max.
6'-1° X 4'-7° 22 18 1 16 | 16 1 16 I 16
7-0° X 5'-1° 28 18 1 14 1 14 | 14 i 14
7-11° X §-7° 35 18 1 12 1 12 1 12 I 12
8'-10° X 6'-|° 43 18 1Y I 1¥s 1 1Y, 1 12 1l
9'-9° X 6'-7° 52 18 1% 10 1Y, 10 172 {¢ 12 10
10°-11° X 7-1° 61 18 i | 9 1%z 9 172 9 1Y2 3
1'-10 x 7-7 71 18 1Y, 8 1% 8 172 8 1¥2 8
12'-10 X 8'-4° 85 18 2 6 2 6 2 6 2 6
14'-1* X 8'-9° 97 18 2 5 2 5 2 5 2 5
13-3" X 9'-4° 97 31 2Y, 12 2Y2 12 2Y, 12 2V, 12
14'-2° X 9'-10° 109 31 2Vs 12 2Y, 12 2/, 12 2Y> 12
15'-4° X 10'-4* 123 31 2Y, 1 2Y, ] 2Y> 1 2Y, 1
16'-3" X 10'-10" | 137 31 2Y> 10 2Y; 10 2Y, 10 2Y, 10
17'-2" X 1I'-4* 151 3l 2Y> 10 2V, 10 2Ys 10 2)2 10
18'-1 X 11*-10° 167 3l 2Ys 9 2%, 9 2¥e 9 2¥, 9
19'-3° X 12'-4* | 182 31 2Y, 8 2%, 8 2Y; B
19'-11° X 12'-10° | 200 31 2Y2 8 2¥> 8 2¥2 8
20-7* X 13-2°| 21 31 27> 7 2% 7 2/2 1




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

AREA RADIUS
SPAN - RISE | SO. FT. | INCHES |16 Ga - .060"|14 Ga - .O75" 12 Ga - .105" | 10 Ga - .I35° | 8 Ga - .164°

Min. Max. Min. Max. Min. Max. Min, Max. Min. Max.

28" X 20° 2.9 5Y, 1 13 1 13 i 13 1 13

35% X 24° 4.5 6% i 12 1 12 1 12 1 12

42" X 29° 6.5 8Y4 1Y4 12 1Y4 12 1Ya 12

49* X 33° 8.9 9% 14 12 1Y 12 1%4 12

57" X 38* 11.6 i 1Ya 12 14 12

i 64° X 43" 14.7 12% 1Yz 12 Y2 12
TABLE 3B

CORRUGATED, ALUMINUM PIPE ARCH 3 ° X |* 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.
AREA RADIUS
SPAN - RISE | S0. FT. | INCHES |16 Ga - .060*|14 Ga - .075"|12 Ga - .105" | 10 Ga - .I35°
Min. Max. Min. Max. Min. Max. Min, Max.
60" X 46° 15.6 1874 1Ya 21 1Y 21 - - - -
66" X 51° 19.3 204 1Yz 21 1Y 21 - - - -
73" X 55° 23.2 22 12 20 - - - -
8I° X 59° 27.4 207 1¥, 17 1¥4 17
87" X 63" 32.1 20% 174 17 ¥4 17
95° X 67° 37.0 24% 2 17 2 17
103" X TI° 42.4 26/ 2 17




TABLc

4A

STRUCTURAL PLATE, ALUMINUM PIPE ARCH 9* X 2%° CORRUGATIONS

BOLTED FABRICATION
H-20 LOADING

FILL HEIGHTS TO TOP OF SUBGRADE - FT.

OPENING | CORNER
SIZE - INCHES
AREA | RADIUS MAXIMUM CORNER PRE$SURE - 4000 LBS / SQ. FT.
SPAN X RISE so. 1.l INCHES THICKNESS .100° | THICKNESS .125° | THICKNESS .150" | THICKNESS .175°|THICKNESS .200°| THICKNESS .225° [THICKNESS .250°
Min, Max, Min. Max. Min. Max. Min. Max. Min, Max. Min, Max. Min, Max,
6'-7° X 5'-8" 29.6 31.8 1Y, 23 1Y 23 1Yz 23 Y2 23 1Yo 23 1Y, 23 t¥s 23
6'-11" X 5'-9° 31.9 31.8 1Y> 22 1Y, 22 1Y, 22 1Y> 22 1Y 22 1> 22 ¥ 22
7-3° X 5-11° 34.3 31.8 1Y% 21 1Y> 21 1Yz 21 Y2 21 1Y 21 1¥> 21 1Y 21
7-9° X 6'-0° 36.8 31.8 1Y> 20 1Yo 20 1Y, 20 Y2 20 1Yz 20 1Y, 20 12 20
8'-1" X 6'-1° 39.3 31.8 1% 19 1% 19 1% 19 1% 19 1% 19 1% 19 1% 19
8'-5° X 6'-3° 41,9 31.8 1% 18 1Y% 18 1% 18 1% 18 1% 18 1% 18 1% 18
8'-10° X 6'-4° 44,5 31.8 1% 17 1% 17 1% 17 1% 17 1% 17 1% 17 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 2Ya 15 2Ya 15 2Y4 15 2Ya 15 2V, 15 2Y 15 2V 15
10'-3* X 6'-9° 55.5 31.8 2Ya 15 2Ya 15 2Y 15 2Ya 15 2Yq 15 2Y 15 2Y, 15
10-9* X 6'-10° 58.4 31.8 2Ya 14 2Ya 14 2V 14 2Ya 14 2Y 14 2Ya 14 24 14
-1 x 7-0° 61.4 31.8 2%, 14 2Y» 14 2Y, 14 2Y> 14 2Y, 14 2Y, 14 2Ys 14
-5 x 7'-1° 64.4 31.8 2Y, 13 2Y, 13 2Ys 13 2Y, 13 2Y, i3 2Ye 13 2% 13
I-9° x 1'-2° 67.5 31.8 2Y, 13 2Y, 13 2Y, 13 2Y, 13 2Ys 13 2¥s 13 2V, 13
12'-3° x 7°-3° 70.5 31.8 2%, 12 2¥, 12 2Y, 12 2, 12 2% 12 2¥, 12 2%, 12
12'-7° X 7-5" 73.7 31.8 2¥ 12 2¥4 12 2¥s 12 2¥, 12 2, 12 2¥, 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 Tl 3 n 3 1 3 1l 3 il 3 1 3 1
13'-1° X 8'-4° 86.8 31.8 3 1 3 1l 3 i 3 1l 3 il 3 ) 3 1
13'-11° X 8'-5° 90.3 31.8 3 i 3 1 3 1 3 i 3 i 3 il 3 i
14'-0* x 8'-7° 94,2 31.8 3 I 3 1l 3 1t 3 i 3 i 3 1 3 ]
13-11" X 9'-5° 101.5 31.8 3 1l 3 1 3 1l 3 i 3 11 3 1 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 i2 3 12
14'-11° X 9'-10* 114.2 31.8 3 1 3 1 3 i 3 1l 3 11 3 3
15'-4* X 10'-0° 118.6 31.8 3 ) 3 i 3 n 3 1 3 1 3 ]
15'-7* X 10'-2" 123.1 31.8 3 I 3 il 3 i 3 1 3 1 3 1
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
AlSI 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 (Years)
circle one

Pipe Size (inches or inch x inch)

Fill Height Range (ft-ft)

Corrugation (inch x inch) 92/3x1/9 22/3x1/y 22/3x1/9 22/3x1/o
circle one 3x1 3x1 3x1 3x1
bx1 bx1 bx1 bx1
6x2 6x2 6x2 6x2
Pipe Wall 0.064"=1.3 0.064’=1.3 0.064°=1.3 0.064"=1.3
Thickness(inches)=AISI Factor 0.079"=1.6 0.079’=1.6 0.079'=1.6 0.079’=1.6
circle 0.109"=2.2 0.109"=2.2 0.109°=2.2 0.109"=2.2
or 0.138"=2.8 0.138°=2.8 0.138'=2.8 0.138°=2.8
add appropriate thickness 0.168"=3.4 0.168"=3.4 0.168"=3.4 0.168"=3.4

pH

Resistivity (chm-cm)

High Soil Moisture?
circle one

Service Life Base, SLb (years)

Expected Service Life (years)
SLe=SLp*AlISI Factor

Velocity of Flow>T7ft/sec?
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.

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

JAN 25, 1996



ARIZONA DEPARTMENT OF TRANSPORTATION

ALUMINIZED STEEL PIPE SELECTION

Sheet

of

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) 22/3x1/9 92/3x1/9 22/3x1/9 22/3x1/9
circle one 3x1 3x1 3x1 3x1
bx1 5x1 5x1 5x1
6x2 6x2 6x2 6x2
Pipe Wall 0.064"=1.3 0.064’=1.3 0.064"=1.3 0.0647=1.3
Thickness(inches)=AISI Factor 0.079°=1.6 0.079’=1.6 0.079’=1.6 0.079°=1.6
circle 0.109°=2.2 0.109"=2.2 0.109°=2.2 0.109"=2.2
or 0.138"=2.8 0.138"=2.8 0.138"=2.8 0.138"=2.8
add appropriate thickness 0.168"=3.4 0.168"=3.4 0.168°=3.4 0.168"=3.4

pH

Resistivity (ohm-cm)

High Soil Moisture?
circle one

Service Life Base, SLb (vears)

Expected Service Life (years)
SLe=SLp*AISI Factor

Velocity of Flow>T7ft/sec?
circle one

When SLe<SLy 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.

Plan Reference No.

Plan Reference No.

Plan Reference No.

JAN 25, 1996




ARIZONA DEPARTMENT OF TRANSPORTATION
NUM PIPE SELECTION

Sheet - of

Plan Reference Number

Location
(Station)

Service Life Required SLr (Years)
circle one
5<pH <9?
circle one
Resistivity > 5007
(ohm-cm)
circle one
Pipe Size
(inches or inch x inch)
Fill Height Range
(ft-ft)
Corrugation
(inch x inch)
circle one

22/3x1/g -
3x1
9x21/9

22/3x /o
3x1
9x21/y

22/3x1/9
3x1
9x21/9

22{3x1/o
3x1
9x21/0

Pipe Wall Thickness(inches)
= Service Life Expected (years) SLe
circle
or
add appropriate thickness

0.060"=50.0 yrs

0.075"=62.5 yrs

0.105"=817.5 yrs

0.060"=50.0 yrs
0.075"=62.5 yrs

0.105"=87.5 yrs

0.060"=50.0 yrs
0.075"=62.5 yrs

0.105"=87.5 yrs

0.060°=50.0 yrs
0.075"=62.5 yrs

0.105"=87.5 yrs

Velocity of Flow>7ft/sec?
| 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 SLy.
3. Add bituminous coating. This adds 20 years to SLe. This is not normally a preferred option.

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

JAN 25, 1996



ARIZONA DEPARTMENT OF TRANSPCRTATION

Plan Reference Number

CONCRETE PIPE SELECTION

Sheet of

Location (Station)

>100 Years?
circle one

Service Life Required SLr (Years)

Pipe Size (inches
or inch x inch)

Fill Height Range
(ft-ft)

circle observed field condition

Trench And Non-Trench Conditions

Trench Non-

Trench

Trench Non-

Trench

Trench

Nomn- Trench Non-

Trench Trench

RCP
Class

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

I I 1
II II II
11 111 I
v v
\Y

1

II
111
v

v

I
111
v

1 I 1
11 I I

III 11T 111
v v v

\Y v

NRCP
Class

NRCIPCP
Wall Thickness (inches)

pH

pH<5?

choose one

High Sulfate Levels?
circle one

Velocity of Flow>40ft/sec?
circle one

Plan Reference No.

Plan Reference No.

Plan Reference No.

Plan Reference No.

MAR 21, 1996



ARIZONA DEPARTMENT OF TRANSPORTATION

PLASTIC PIPE SELECTION
Sheet of
Plan Reference Number
Location (Station)
Service Life Required SLy (Years) . "*yészifﬂ no no

>75 Years?
circle one

an acceptable alternate.

Pipe Size (inches)

127<Pipe Size<36”? yves o | yes

circle one

Pipe Size With Approved Joints?
Check New Products List

yes . no yes

yes IK’O yes

yes . m L o
acceptable alternate.

__Plastic Pipe is not an

Fill Height
(tt)

Fill Height > 10? no | yes  no
circle

one

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

JAN 25, 1996



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)

100

60 |

80—

Thickness, In. | 0.052 | 0.064 }0.079 |0.109 | 0.138 |0.168
Gage 18 16 14 12 10 8
Factor* 1.0 1.3 1.6 2.2 2.8 3.4

pH of Environment Normally

7.3 Thru 9.0
Years = 2.94R **

R - Minimum Resistivity  /

100

s Multiply years by Factor for the Varlous Metal thickness

pH of Environment Normally Less than 1.3

Years= 21.58 (Log 10 R-Log l0(2160-2490 Log 10 pH)

AN
£
e

L

=
-~

Average Life-Years .0.052 in. Thick Galvanized Steel Sheet

I I O

| I T

\ AISI chart and

pipe selection limits

20

L1110

[ | l
!

00

Minimum Resistivity (R) ohm cm

1,000

I T I

10,000

100,000



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

Years=21.58(Log loR-Log lo(2160

-2490 LogmoH))

100 | pH of Environment Normally
Thickness, In. |0.052 |0.064 0019 003 | 038 foues | 15 T 30,
Cage 18 16 1 12 10 8 R=Minimum Resistivity
80—| Factors | L0 |13 | L6 |22 | 28 | 34
s Multiply years by Factor for the Varlous Metal thickness
60 pH of Environment Normally Less than 7.3

Average Life-Years 0.052 in. Thick Galvanized Steei Sheet

[ L1

L1

AlSI chart and
pipe selection limits

EEEEERN

1,000

1500

10,000

Minimum Roesistivity (R) ohm cm

100,000
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