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Figure 2:  Typical urban utility locations with sanitary sewer under the street 
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Figure 3:  Typical rural utility locations 
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9B-1 General Information 
 

 

A. Trench theory 
 

When designing a pipe, the first step is to determine the flow capacity required, which will then 

determine the pipe type, diameter, and grade.  The capacity of the pipe must be sufficient to carry 

external loads once it is buried. 

 

A buried pipe must resist the dead load of the soil above it and any live loads applied at the surface, 

or the pipe will fail.  Because buried pipes interact with the surrounding soil based, in part, on the 

stiffness of the pipe, different design methodologies have been developed for determining loads on 

rigid and flexible pipes. 

 

A rigid pipe has significant strength but will crack if it is deformed.  Because of this, a rigid pipe 

relies on its strength to carry external loads when buried.  However, because of its stiffness, a rigid 

pipe must carry the entire load of the soil above it, and even some of the load from the soil adjacent to 

it.  Rigid pipe design methodology is described in more detail in Section 9B-2, Rigid Pipes. 

 

A flexible pipe does not have the strength of a rigid pipe, but it will not crack when deformed.  

Because of this, a flexible pipe relies on its ability to deform to reduce the load on the pipe by 

transferring most of the load to the surrounding soil.  Flexible pipe design methodology is described 

in more detail in Section 9B-3, Flexible Plastic Pipes. 

 

When analyzing a proposed pipe installation, both the magnitude of the load imposed on the pipe and 

the capacity of the pipe to carry the load must be determined.  Both of these values are influenced by 

a number of factors, including the pipe’s flexibility or rigidity, the pipe bedding, soil properties, and 

installation practices.  Because these factors all interact with each other, it is important to understand 

how each one affects the ultimate performance of the pipe.  These properties are described in more 

detail below and in the following sections. 

 

B. Bedding and foundation materials 

 

1. Granular bedding material.  Bedding is the material installed in the bottom of the trench on 

which the pipe is laid.  Proper pipe bedding is critical to the load carrying capacity of both rigid 

and flexible pipes.  Clean, crushed Class I granular bedding material should be used for all 

gravity sewer installations.  Granular bedding material is commonly used as backfill in the 

haunch zone (below the springline) as well as for primary and secondary backfill zones, 

depending on the pipe material. 

 

Although the interaction between the soil and pipe is different for rigid and flexible pipes, both 

types require proper placement and compaction of the bedding material under the pipe and in the 

haunch zone for proper support.  By supporting rigid pipes along the bottom of the pipe, the pipe 

load is distributed over a larger area, thereby reducing the concentrated stresses at the invert of 

the pipe.  Flexible pipes require proper bedding and haunch backfill to provide sidewall support 

for the pipe.  As a flexible pipe deflects vertically, the sides of the pipe move outward.  Without 
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proper sidewall support and resistance to these lateral deflections, the vertical pipe deflections can 

exceed allowable levels. 

 

Because bedding and haunch support is critical to the performance of both rigid and flexible 

pipes, proper installation of materials in these areas is critical.  Most pipe installation guides 

recommend hand placement and slicing of granular bedding material with a shovel to ensure there 

are no voids in the haunch zone.  Soil backfill should be compacted with hand compaction 

equipment in the haunch zone after placement of the pipe.  Due to a variety of factors, including 

time constraints, lack of inspection, and concerns over trench safety, hand working and 

compacting backfill around a pipe are almost non-existent in today’s construction industry. 

 

In order to address these issues, the use of clean, self-compacting granular bedding and backfill 

material is recommended.  Properly graded, clean, crushed stone that is dumped into a trench and 

shaped requires little or no additional compaction effort to provide a moderate degree of 

compaction.  In addition, this material will bridge over some soft or yielding soils, reducing the 

need for over-excavation and foundation material.  SUDAS Class I Material is a 1-inch, clean, 

crushed stone that should be used for most pipe bedding applications.   

 

Where Class I or similar material is not available, gravel or crushed concrete may be used.  

However, these materials do not possess the self-compacting quality that Class I material has.  

Additional time and effort will be required to place and compact these materials.  Increased 

construction observation may be required to ensure that the materials are properly placed and 

compacted.    

 

2. Stabilization (foundation) material.  The bottom of the trench should be firm, stable, and 

uniform to support the pipe and prevent movement during backfill and compaction.  When Class I 

bedding material is inadequate for bridging trench bottoms with soft or yielding soils, 

overexcavation of the trench bottom and installation of stabilization material should be 

considered.   

 

Stabilization material consists of 2 1/2 inch clean crushed stone.  It is installed in the bottom of 

the trench after overexcavation to remove any soft or yielding soils.  The required depth of 

overexcavation and stabilization material varies as required to provide a firm base.  Class I 

granular bedding and normal backfill are placed on top of the stabilization material as in a normal 

installation. 

 

 Stabilization material can also be substituted for Class I bedding material when installing heavy 

pipe, such as concrete pipe 48 inches and greater.  For heavy pipe, Class I bedding may be 

susceptible to movement under the weight of the pipe.  Since stabilization material is significantly 

larger, it is better able to resist movement under heavy loads. 

 

C. Backfill materials 

 

1. Haunch support.  The haunch support zone extends from the top of the bedding material to the 

springline, or mid-point, of the pipe.  Like pipe bedding, this zone is critical to the support and 

performance of the pipe.  For flexible pipes, this zone should be backfilled with Class I granular 

bedding material in order to provide adequate sidewall support to the pipe.  Rigid pipes may be 

backfilled with Class I bedding material or suitable native soil, depending on the depth of the 

installation.  Because a portion of the haunch zone is located underneath the pipe, this area is 

difficult to compact.  If Class I granular bedding material is not used to backfill the haunch 

support zone, careful attention must be paid to ensure that proper compaction is achieved in this 

area and that the pipe is not damaged by compaction equipment. 
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9B-3 Flexible Plastic Pipes 
 

 

A. Introduction 
 

Flexible pipes are generally considered pipes that will deflect at least 2% of their diameter without 

any damage.  However, most flexible pipes used for utility applications are required to undergo 

deflections of 20-30% during testing and certification without failing.  The key to the performance of 

a flexible pipe is its ability to deflect without buckling or cracking. 

 

The most common flexible pipes currently in use are High-Density Polyethylene (HDPE) and Poly-

vinyl Chloride (PVC).  Numerous varieties of each are produced.  PVC pipe is used extensively for 

sanitary sewers and water mains.  HDPE pipe is commonly used for subdrains and is also available 

for storm sewer applications. 

 

In order to take advantage of the benefits and avoid the limitations of flexible pipes, it is necessary to 

understand how they perform and how their properties are defined. 

 

B. Soil-pipe interaction 
 

A flexible pipe obtains its load-carrying ability from its flexibility.  Just like a rigid pipe, after the 

installation of a flexible pipe, the trench bedding and backfill materials will settle.  However, because 

the flexible pipe deflects when loaded, the central soil column, directly over the pipe, will settle more 

than the adjacent soil columns. 

 

As differential settlement occurs between the soil column over the pipe and the soil columns adjacent 

to the pipe, frictional forces between the soil columns transfer some of the load from the central soil 

column to the adjacent soil columns (see Figure 1).  This reduces the load on the flexible pipe.  As the 

pipe is loaded, the pipe deflects vertically, pushing the sides of the pipe outward toward the sides of 

the trench.  This results in the development of sidewall support from the pipe bedding.   

 
Figure 1: Soil-pipe interaction for flexible pipes 
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Flexible pipe performance is highly dependent on proper bedding to provide the required sidewall 

support.  A pipe with lateral sidewall support is capable of carrying a significantly larger load than an 

unsupported pipe.  Without sidewall support, some flexible pipes would be crushed by the weight of 

the backfill above.  For this reason, it is imperative that flexible pipes be properly backfilled with 

high-quality materials.   

 

Given the significance of sidewall support, consideration must be given to the locations where 

flexible pipes are installed.  Flexible pipes should not be used in areas where future adjacent 

excavations are likely.  These excavations could expose or weaken the bedding envelope supporting 

the pipe.  

 

For additional information on the soil-pipe interaction of flexible pipes, and the method to determine 

pipe load and predicted deflection, refer to the Uni-Bell PVC Pipe Association’s: Handbook of PVC 

Pipe: Design and Construction or the Plastic Pipe Institute’s publication: The Complete Corrugated 

Polyethylene Pipe Design Manual and Installation Guide. 

 

C. Pipe design 
 

The design of most flexible pipes is based upon pipe stiffness.  Pipe stiffness is a term used to 

describe the resistance of a flexible pipe to deflection when subjected to a load.  Pipe stiffness is 

measured by placing a section of flexible pipe between two flat plates.  A load is applied until the 

pipe is deflected 5% of its diameter.  The load at which this occurs is the pipe stiffness.  Pipe stiffness 

is specified in lb/in
2
.   

 

In general, pipe stiffness is related to the material properties and wall thickness of the pipe (see Figure 

2).  For solid walled pipe with a given modulus of elasticity, the ratio of the pipe diameter to its wall 

thickness (diameter ratio or DR) determines the stiffness of the pipe.  Solid walled pipes of different 

diameters, but with the same DR, all have the same pipe stiffness.  To provide a stiffer pipe, the wall 

thickness is increased (i.e., DR is reduced). 

 

Another way to increase pipe stiffness is to change the shape of the pipe wall.  Pipe manufacturers 

have developed a number of different wall cross-sections that increase or maintain pipe stiffness 

while using less material per foot of pipe.  Closed profile pipe uses an “I”-beam-type cross-section.  

Composite pipe is a dual-walled pipe with a truss-type structure in the middle and the area filled with 

lightweight concrete.  Flexible pipe is also commonly produced with a corrugated exterior and 

smooth interior. 

 

Regardless of the wall shape, the generally accepted standard for minimum pipe stiffness is 46 lb/in
2
.  

This corresponds to a PVC pipe with a DR of 35.  Pipes with a lower stiffness are also available; 

however, they should be used with caution in the right-of-way or other areas subject to disturbance 

for the reasons described in the Section 9B-2, Rigid Pipes.  In addition, installing pipes with stiffness 

lower than 46 lb/in
2
 should be done under careful supervision to ensure that the pipe has proper 

bedding.  After installation, these pipes should be tested with a mandrel to ensure deflections do not 

exceed 5%. 
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Figure 2: Types of commonly used flexible pipe 

  

  
Solid wall Closed profile 

  

  
Composite Corrugated exterior 

 

1. PVC.  PVC pipe is used primarily for sanitary sewer mains and service lines. Sanitary sewer 

installations are generally deep enough that it is unlikely an adjacent excavation will encroach on 

the pipe bedding envelope.  Therefore, the use of PVC for sanitary sewers in the right-of-way is 

acceptable.  However, for shallow installations, consideration should be given to the possibility of 

adjacent excavations causing damage.  If this is likely, an alternate pipe material or a PVC pipe 

with higher pipe stiffness should be considered. 

 

For a given class of PVC pipe, pipe stiffness is generally consistent regardless of the diameter.  

The minimum PVC pipe stiffness allowed in the SUDAS Specifications is 46 lb/in
2
. 

  

2. HDPE.  HDPE pipe has been used extensively as subdrain and as agricultural drain tile.  HDPE 

storm sewer pipe is also available.  Unlike PVC pipe, the pipe stiffness for HDPE pipe varies 

depending on diameter.  The stiffness varies from 50 lb/in
2
 for a 12-inch pipe down to 17 lb/in

2
 

for a 48-inch pipe.  Due to the relatively shallow depth of bury for most storm sewer pipes and 

the low pipe stiffness for many diameters, HDPE pipe should not be used as storm sewer within 

the right-of-way.  Use of HDPE pipe outside of the right-of-way should be done with 

consideration given to depth of bury and potential for future disturbance. 

 

 In addition to pipe deflection, HDPE pipe must also be analyzed for several additional failure 

modes.  These include wall thrust, buckling pressure, bending stress, and bending strain.  In 

general, the limits on the depth of bury for HDPE pipe is not due to deflection, but wall thrust.   

 

One of HDPE pipe’s material properties is its tendency to creep, or permanently deform when 

stressed beyond a certain level for an extended time.  If the wall thrust stresses at the springline of 

the pipe are high enough, the sidewall of the pipe can undergo permanent deformation.  Wall 

thrust failures occur as rippling, buckling, or cracking at the springline of the pipe.   
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D. Flexible pipe bedding 
 

For most gravity installations with flexible pipe, granular bedding material is recommended.  Suitable 

granular bedding material is self-compacting when placed in the trench.  This ensures proper pipe 

support is provided in the area below the springline, where it is difficult to provide mechanical 

compaction.  The bedding below the springline is critical for providing proper sidewall support for 

flexible pipes. 

  

Granular bedding should be extended to the top of the pipe for storm sewers (Bedding Class F-2), and 

to 1 foot over the top of the pipe for sanitary sewer installations (Bedding Class F-3).  The additional 

granular bedding material in this area protects the pipe from impact and movement during final trench 

backfill.  In excavations where trench boxes are used, care must be taken to prevent disturbance of the 

pipe and bedding material when moving the trench box. 

 

For gravity pipe installations using ductile iron pipe or other flexible water main materials, granular 

bedding material may not be required along the sides of the pipe, due to the additional pipe strength 

provided by these products.  For these applications, granular bedding is only required under the pipe 

(Bedding Class F-1) to assist in achieving the proper grade and alignment.  

 

Figure 3 illustrates the standard bedding classes for flexible pipe installations.  Refer to Section 9B-4, 

Ductile Iron Pipe, for bedding types for flexible pressure pipe (AWWA C900 / C905). 

 

Figure 3: Flexible pipe bedding types 
 

              
Class F-1 Class F-2 

  

         

 

Class F-3  
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E. Trench width 
 

1. Minimum.  Unlike rigid pipe, the load on a flexible pipe does not increase as trench width 

increases.  While trench width does not affect the pipe load, it must be wide enough to properly 

place and compact the bedding material in the haunch and primary backfill areas of the pipe.  

Generally this is considered to be 1.25 times the outside diameter of the pipe plus 12 inches, or 

the outside diameter of the pipe plus 18 inches, whichever is greater.  

 

2. Poor soils.  As mentioned earlier in this section, a critical requirement for flexible pipe 

performance is sidewall support.  In a typical installation, the thrust forces from the sidewall of 

the deflecting pipe are transferred through the granular bedding material to the trench walls.  As 

these forces pass through the rock envelope, they are distributed over a larger area, reducing the 

pressure against the trench walls.  The crushed stone bedding has a higher bearing capacity, or 

modulus of soil reaction, than the adjacent soil, allowing it to carry greater loads than the 

surrounding soil without deformation.   

 

In a typical installation, the granular bedding material reduces the pressure against the trench 

walls to an acceptable level.  However, for installations with poor soil conditions, the in-situ soils 

may not provide adequate lateral support with a standard trench and pipe bedding. Examples of 

poor soil conditions include poorly compacted fill with a SPT blow count of five or less, peat, 

muck, or highly expansive soils.  In these situations, additional trench width may be required.  A 

wider trench, and thus a wider rock envelope, allows the thrust forces from the pipe sidewall to be 

distributed over an even larger area on the trench wall.  By increasing the bearing area, the 

pressure on the trench wall can be reduced to a level that the in-situ soil can support.  For 

conditions with poor soils, increasing the minimum trench width to two times the outside 

diameter of the pipe is recommended. 

  

F. Pressure pipe 
 

Using flexible pipes for pressure applications such as water main or sanitary sewer force mains is also 

common.  Unlike flexible pipes for gravity flow applications, pressure pipes are classified based upon 

the pressure rating of the pipe, rather than the pipe stiffness. 

 

Flexible pressure pipes typically have a significantly thicker wall than gravity flow pipes.  As such, 

the inherent stiffness of the pipe is also significantly greater.  For example, C900, DR 18 pipe has an 

equivalent pipe stiffness of 360 lb/in
2
. 

 

Because of the increased pipe stiffness and relatively shallow depth of bury, bedding requirements for 

PVC water mains and force mains are less critical than flexible gravity pipe.  Native soil can be used 

for bedding many PVC water main or force main installations.  Likewise, the concern of adjacent 

excavations disturbing the pipes sidewall support is not an issue with PVC pressure pipes.  Refer to 

Section 9B-4, Ductile Iron Pipe, for typical pressure pipe installations. 
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9B-4 Ductile Iron Pipe 
 

 

A. Introduction 
 

Ductile iron pipe is used primarily as water main, but is also used as force main and for some 

specialized gravity flow situations.  Since the pipe is constructed of ductile iron, it can deflect without 

failing and behaves similar to a flexible plastic pipe.  However, ductile iron pipe has some additional 

properties that warrant a slightly different design methodology than previously described for flexible 

plastic pipes. 

 

B. Pipe design 
 

The first step in analyzing a ductile iron pipe for structural capacity is to determine what pipe 

thickness to use.  Currently, there are two different pipe classifications for ductile iron pipe: Pressure 

Class and Thickness Class.  SUDAS requires Thickness Class 52 pipe for all water main 24 inches or 

smaller.  Unlike PVC pipe, ductile iron pipe does not follow a standardized diameter ratio (DR), so 

there is no easy method of determining the wall thickness based upon diameter.  Pipe standard 

AWWA C151 indicates the nominal wall thicknesses for Class 52 pipe.  However, the values listed in 

the AWWA standard are not the values used for design purposes.  The AWWA values include a 

casting allowance to ensure that negative thickness deviations do not occur during the casting process.  

The casting allowance varies from 0.05 to 0.09 inches, depending on diameter.  A service allowance 

of 0.08 inches is also included in the wall thickness to account for material loss from the pipe over its 

service life.  These values are subtracted from the stated wall thickness to determine the design 

thickness.  

 

Once the design thickness of the pipe is known, the pipe can be analyzed for deflection.  Just like 

flexible pipes, ductile iron can undergo significant deflections without damage.  However, the 

allowable deflection for ductile iron pipe is normally limited to 3%.  This limitation is imposed to 

protect the cement-mortar lining on the inside of ductile iron water pipe. 

 

In addition to deflection limitations, the ring bending stress in the pipe must also be determined.  

Maximum ring bending stress occurs at the invert of the pipe.  If the stress exceeds the yield stress of 

the ductile iron material, the pipe will undergo permanent deformation. 

 

The equations and procedures for determining pipe deflection and ring bending stress are provided in 

the Ductile Iron Pipe Research Association’s (DIPRA) publication “Design of Ductile Iron Pipe.”    

 

C. Bedding 
 

For shallow installations, ductile iron pipe can be installed without granular bedding material.  

However, the sidewall support from granular bedding material allows ductile iron pipe to carry 

greater loads then the pipe could by itself.  This is an important consideration for deep installations.  

For example, the maximum depth of bury for a 24-inch Thickness Class 52 ductile iron pipe in a 

Class P-1 bedding (native soil) is 16 feet.  The allowable depth of bury for the same pipe in a Class P-

3 bedding (crushed stone encasement) is 38 feet. 



Chapter 9 - Utilities  

 

 2 Page Revised:  10/18/2011 

 

Figure 1 shows the standard bedding classes for pressure pipe installations.  Refer to Section 9B-3, 

Flexible Plastic Pipes, regarding bedding requirements for ductile iron pipe when used in a gravity 

flow installation. 

 

Figure 1: Pressure pipe bedding types 
 

  
Class P-1 Class P-2 

  

 

 

Class P-3  
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9B-5 Depth of Bury Tables 
 

 

A. General 
  

The depth of bury tables on the following pages are based upon the design methodology from the 

various pipe material associations’ design manuals.  In order to develop the allowable depth of bury 

tables, numerous assumptions, including site characteristics and construction methods, were required 

for each pipe material.  In general, when assumptions were required, the values that would provide 

more conservative results were selected.   

 

For site conditions that differ from the assumptions used for the following tables, a separate 

calculation should be made with values appropriate to the specific conditions at the proposed project.  

In order to assist with the lengthy equations involved in some of the pipe design methods, SUDAS 

has developed a number of spreadsheets that will calculate the allowable depth of bury based upon 

site conditions entered by the user.  These spreadsheets are available on the SUDAS website at 

www.iowasudas.org.  The spreadsheets follow the design methodology of each pipe material 

association’s design manual.  Before using the spreadsheets, the designer should have a thorough 

understanding of the limitations of each design method. 

 

B. Rigid pipe assumptions 
 

The depth of bury calculations for clay pipe were done in accordance with the National Clay Pipe 

Institute’s Clay Pipe Engineering Manual.  The depth of bury calculations for concrete pipe were 

done in accordance with the ACPA Concrete Pipe Design Manual, utilizing the Marston-Spangler 

design method.  The results of the depth of bury calculations for concrete and clay pipe indicated in 

Tables 1 through 5 were developed with the following assumptions:  

 

 Saturated clay backfill – k’=0.110 

 Unit weight of backfill = 120 lb/ft
3
   

 D0.01 pipe strength with a factor of safety of 1.0 (concrete pipe only) 

 A minimum trench width of 54 inches (this is the smallest excavator bucket commonly used 

by some contractors). 

 An HS-20 live load applied in an unpaved condition.  If the pipe will not be subjected to live 

load, the minimum depth of bury does not apply.   

 Maximum allowable depth of bury was cut off at 40 feet.  Calculated values may exceed this 

depth, but were not shown.  For depths greater than 40 feet, an independent analysis should 

be done using values for actual site conditions. 

  

 

  

  

http://www.iowasudas.org/
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Table 1: Allowable depth of bury for Class III (2000D) RCP  

 

Pipe Diameter 

Bedding Class 

R-1 R-2 
R-3 & R-4 

As=0.0% As=0.4% As=1.0% 

12” 2’ to 7’ 1’ to 10’ 1’ to 15’ 1’ to 19’ 1’ to 27’ 

15” 2’ to 8’ 1’ to 10’ 1’ to 16’ 1’ to 19’ 1’ to 27’ 

18” 1’ to 8’ 1’ to 11’ 1’ to 16’ 1’ to 20’ 1’ to 40’ 

21” 1’ to 8’ 1’ to 11’ 1’ to 18’ 1’ to 26’ 1’ to 40’ 

24” 1’ to 8’ 1’ to 12’ 1’ to 23’ 1’ to 36’ 1’ to 40’ 

27” 1’ to 10’ 1’ to 15’ 1’ to 30’ 1’ to 40’ 1’ to 40’ 

30” 1’ to 11’ 1’ to 15’ 1’ to 29’ 1’ to 40’ 1’ to 40’ 

33” 1’ to 11’ 1’ to 15’ 1’ to 28’ 1’ to 40’ 1’ to 40’ 

36” 1’ to 11’ 1’ to 15’ 1’ to 27’ 1’ to 40’ 1’ to 40’ 

42” 1’ to 11’ 1’ to 15’ 1’ to 26’ 1’ to 38’ 1’ to 40’ 

48” 1’ to 11’ 1’ to 15’ 1’ to 26’ 1’ to 36’ 1’ to 40’ 

54” 1’ to 11’ 1’ to 15’ 1’ to 25’ 1’ to 34’ 1’ to 40’ 

60” 1’ to 11’ 1’ to 15’ 1’ to 25’ 1’ to 33’ 1’ to 40’ 

66” 1’ to 11’ 1’ to 15’ 1’ to 24’ 1’ to 32’ 1’ to 40’ 

72” 1’ to 11’ 1’ to 15’ 1’ to 24’ 1’ to 32’ 1’ to 40’ 

 

 

Table 2: Allowable depth of bury for Class IV (3000D) RCP  

 

Pipe Diameter 

Bedding Class 

R-1 R-2 
R-3 & R-4 

As=0.0% As=0.4% As=1.0% 

12” 1’ to 12’ 1’ to 15’ 1’ to 23’ 1’ to 28’ 1’ to 40’ 

15” 1’ to 12’ 1’ to 16’ 1’ to 23’ 1’ to 30’ 1’ to 40’ 

18” 1’ to 13’ 1’ to 16’ 1’ to 29’ 1’ to 40’ 1’ to 40’ 

21” 1’ to 13’ 1’ to 18’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

24” 1’ to 16’ 1’ to 23’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

27” 1’ to 19’ 1’ to 30’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

30” 1’ to 19’ 1’ to 29’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

33” 1’ to 19’ 1’ to 28’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

36” 1’ to 19’ 1’ to 28’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

42” 1’ to 18’ 1’ to 27’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

48” 1’ to 18’ 1’ to 26’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

54” 1’ to 18’ 1’ to 25’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

60” 1’ to 18’ 1’ to 25’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

66” 1’ to 18’ 1’ to 25’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

72” 1’ to 18’ 1’ to 24’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 
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Table 3: Allowable depth of bury for Class V (3750D)  RCP 

 

Pipe Diameter 

Bedding Class 

R-1 R-2 
R-3 & R-4 

As=0.0% As=0.4% As=1.0% 

12” 1’ to 18’ 1’ to 23’ 1’ to 35’ 1’ to 40’ 1’ to 40’ 

15” 1’ to 19’ 1’ to 24’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

18” 1’ to 19’ 1’ to 30’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

21” 1’ to 25’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

24” 1’ to 34’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

27” 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

30” 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

33” 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

36” 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

42” 1’ to 37’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

48” 1’ to 35’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

54” 1’ to 33’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

60” 1’ to 32’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

66” 1’ to 31’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

72” 1’ to 31’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 1’ to 40’ 

 

 

Table 4: Allowable depth of bury for reinforced concrete arch pipe 

 

Pipe Size 
Equivalent 

Diameter 
Pipe Class A-III Pipe Class A-IV 

18” by 11” 15” 2’ to 11’ 2’ to 16’ 

22” by 13” 18” 2’ to 11’ 1’ to 20’ 

26” by 15” 21” 2’ to 14’ 1’ to 27’ 

29” by 18” 24” 2’ to 15’ 1’ to 31’ 

36” by 22” 30” 1’ to 15’ 1’ to 29’ 

44” by 27” 36” 1’ to 15’ 1’ to 28’ 

51” by 31” 42” 1’ to 15’ 1’ to 27’ 

58” by 36” 48” 1’ to 15’ 1’ to 26’ 

65” by 40” 54” 1’ to 15’ 1’ to 26’ 

73” by 45” 60” 1’ to 15’ 1’ to 25’ 

88” by 54” 72” 1’ to 15’ 1’ to 25’ 
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Table 5: Allowable depth of bury for extra strength VCP 

 

Pipe Diameter 

Bedding Class 

R-1 R-2 
R-3 & R-4 

As=0.0% As=0.4% As=1.0% 

6” 1’ to 25’ 1’ to 30’ 1’ to 30’ 1’to 30’ 1’ to 30’ 

8” 1’ to 20’ 1’ to 26’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

10” 1’ to 18’ 1’ to 23’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

12” 1’ to 16’ 1’ to 20’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

15” 1’ to 15’ 1’ to 19’ 1’ to 28’ 1’ to 30’ 1’ to 30’ 

18” 1’ to 14’ 1’ to 18’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

21” 1’ to 15’ 1’ to 22’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

24” 1’ to 18’ 1’ to 28’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

27” 1’ to 20’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

30” 1’ to 19’ 1’ to 29’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

33” 1’ to 20’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

36” 1’ to 20’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

39” 1’ to 19’ 1’ to 29’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

42” 1’ to 18’ 1’ to 26’ 1’ to 30’ 1’ to 30’ 1’ to 30’ 

 

C.  Flexible pipe assumptions 
 

The depth of bury calculations for PVC pipe were done in accordance with the Uni-Bell PVC Pipe 

Association’s Handbook of PVC Pipe: Design and Construction.  The depth of bury calculations for 

HDPE pipe were done according to the Plastic Pipe Institute’s: The Complete Corrugated 

Polyethylene Pipe Design Manual and Installation Guide.  The AASHTO design method was used 

for the determination of live load for both materials.  The results of the depth of bury calculations for 

PVC and HDPE pipe indicated in Tables 6, 7, and 8 were developed with the following assumptions:  

 

PVC assumptions: 

 Unit weight of backfill is 120 lb/ft
3
 

 Prism load for backfill 

 Deflection lag factor (DL) of 0.1 

 Modulus of soil reaction (E’) of 0 psi, 1000, lb/in
2
, and 1000 lb/in

2
 for pipe classes F-1, F-2, 

and F-3 respectively.   

 An HS-20 live load applied in an unpaved condition.  If the pipe will not be subjected to live 

load, the minimum depth of bury does not apply.   

 Maximum allowable pipe deflection of 5%.  A value of 3% is used for design based upon the 

published deflection accuracy of + 2% for dumped crushed rock bedding. 

 Maximum allowable depth of bury was cut off at 40 feet.  Calculated values may exceed this 

depth, but were not shown.  For depths greater than 40 feet, an independent analysis should 

be done using values for actual site conditions. 

 

HDPE assumptions: 

 Unit weight of backfill is 120 lb/ft
3
 

 Prism load for backfill 

 Water table 2 feet below ground surface 

 Deflection lag factor (DL) of 0.1 

 Crushed rock bedding with a 1,000 lb/in
2
 modulus of soil reaction (E’) 
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 An HS-20 live load applied in an unpaved condition.  If the pipe will not be subjected to live 

load, the minimum depth of bury does not apply; however sufficient cover should be 

provided to protect the pipe from damage by ultraviolet radiation or maintenance equipment.  

 Maximum allowable pipe deflection of 5%  

 Pipe also checked for wall thrust, critical buckling pressure, bending stress, and bending 

strain. 

 
Table 6: Allowable depth of bury for gravity flow PVC pipe – bedding Class F-2 or F-3 

 

Pipe 

Diameter 

ASTM 

D 3034 F 679 F 949 F 1803 D 2680 

Solid wall Solid wall Corrugated 

Exterior 

Closed 

Profile 
Composite 

SDR 23.5 SDR 26 SDR 35 SDR 35 

8” 2’ to 30’ 2’ to 28’ 2’ to 24’ --- 2’ to 24’ --- 2’ to 32’ 

10” 2’ to 30’ 2’ to 28’ 2’ to 24’ --- 2’ to 24’ --- 2’ to 32’ 

12” 2’ to 30’ 2’ to 28’ 2’ to 24’ --- 2’ to 24’ --- 2’ to 32’ 

15” 2’ to 30’ 2’ to 28’ 2’ to 24’ --- 2’ to 24’ --- 2’ to 32’ 

18” --- --- --- 2’ to 24’ 2’ to 24’ --- --- 

21” --- --- --- 2’ to 24’ 2’ to 24’ 2’ to 24’ --- 

24” --- --- --- 2’ to 24’ 2’ to 24’ 2’ to 24’ --- 

27” --- --- --- 2’ to 24’ --- 2’ to 24’ --- 

30” --- --- --- 2’ to 24’ 2’ to 24’ 2’ to 24’ --- 

33” --- --- --- 2’ to 24’ --- --- --- 

36” --- --- --- 2’ to 24’ 2’ to 24’ 2’ to 24’ --- 

42” --- --- --- 2’ to 24’ --- 2’ to 24’ --- 

48” --- --- --- 2’ to 24’ --- 2’ to 24’ --- 

54” --- --- --- --- --- 2’ to 24’ --- 

60” --- --- --- --- --- 2’ to 24’ --- 

 
 

Table 7: Allowable depth of bury for AWWA C900 / C905 PVC pressure pipe 

 

Pipe Diameter 
Bedding Class 

P-1 P-2 P-3 

4” 2’ to 19’ 2’ to 40’ 2’ to 40’ 

6” 2’ to 19’ 2’ to 40’ 2’ to 40’ 

8” 2’ to 19’ 2’ to 40’ 2’ to 40’ 

10” 2’ to 19’ 2’ to 40’ 2’ to 40’ 

12” 2’ to 19’ 2’ to 40’ 2’ to 40’ 

14” 2’ to 19’ 2’ to 40’ 2’ to 40’ 

16” 2’ to 19’ 2’ to 40’ 2’ to 40’ 

18” 2’ to 19’ 2’ to 40’ 2’ to 40’ 

20” 2’ to 19’ 2’ to 40’ 2’ to 40’ 

24” 2’ to 19’ 2’ to 40’ 2’ to 40’ 
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Table 8: Allowable depth of bury for HDPE pipe – bedding Class F-2 or F-3 

    

 Pipe Diameter AASHTO M 294  

 6” 2’ to 8’  

 8” 2’ to 8’  

 10” 1’ to 9’  

 12” 2’ to 8’  

 15” 1’ to 9’  

 18” 1’ to 9’  

 24” 1’ to 9’  

 30” 1’ to 9’  

 36” 1’ to 9’  

 42” 1’ to 8’  

 48” 1’ to 8’  

 54” 1’ to 8’  

 60” 1’ to 8’  

 

D. Ductile iron pipe assumptions 
 

The depth of bury calculations for ductile iron were done according to the DIPRA publication 

“Design of Ductile Iron Pipe.”  The results of the depth of bury calculations for ductile iron pipe 

indicated in Table 9 were developed with the following assumptions: 

 

 Unit weight of backfill is 120 lb/ft
3
 

 Prism load for backfill 

 An HS-20 live load applied for all conditions  

 Live load impact factor of 1.5 

 Bedding classes P-1, P-2, and P-3 follow DIPRA laying conditions Type 2, Type 4, and Type 

5, respectively. 

 Maximum allowable pipe deflection of 3%  

 48,000 psi ring bending stress limit. 

 Maximum allowable depth of bury was cut off at 40 feet.  Calculated values may exceed this 

depth, but were not shown.  For depths greater than 40 feet, an independent analysis should 

be done using values for actual site conditions. 
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Table 9: Allowable depth of bury for ductile iron pipe (Thickness Class 52) 

 

Pipe Diameter 
Bedding Class 

P-1 P-2 P-3 

4” 2.5’ to 40’  2.5’ to 40’ 2.5’ to 40’ 

6” 2.5’ to 40’ 2.5’ to 40’ 2.5’ to 40’ 

8” 2.5’ to 40’ 2.5’ to 40’ 2.5’ to 40’ 

10” 2.5’ to 36’ 2.5’ to 40’ 2.5’ to 40’ 

12” 2.5’ to 31’ 2.5’ to 40’ 2.5’ to 40’ 

14” 2.5’ to 26’ 2.5’ to 40’ 2.5’ to 40’ 

16” 2.5’ to 23’ 2.5’ to 37’ 2.5’ to 40’ 

18” 2.5’ to 20’ 2.5’ to 34’ 2.5’ to 40’ 

20” 2.5’ to 18’ 2.5’ to 32’ 2.5’ to 40’ 

24” 2.5’ to 16’ 2.5’ to 29’ 2.5’ to 38’ 

30” 2.5’ to 13’ 2.5’ to 23’ 2.5’ to 31’ 

36” 2.5’ to 13’ 2.5’ to 22’ 2.5’ to 30’ 

42” 2.5’ to 13’  2.5’ to 21’ 2.5’ to 29’ 

48” 2.5’ to 13’ 2.5’ to 19’ 2.5’ to 27’ 

54” 2.5’ to 13’ 2.5’ to 19’ 2.5’ to 27’ 
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9C-1 Casing Pipe 
 

 

A. General 
 

Utilities must often be encased in a steel pipe when crossing under roadways or railroads.  Steel 

casing pipe complying with the requirements of ASTM A252 (Standard Specification for Welded and 

Seamless Steel Pipe Piles) is generally used. 

 

Depending on the timing of the installation, the casing pipe can be installed in either an open cut 

trench or installed by one of the trenchless techniques described in Chapter 14. 

 

Regardless of the installation method, the casing pipe thickness and casing pipe diameter should be 

specified on the plans. 

 

B. Casing thickness 
 

The casing pipe must have sufficient thickness to withstand both earth loads and any live loads 

imposed from traffic above.  Table 1 provides minimum recommended casing pipe thicknesses for 

both roadway and railroad installations.  The roadway values are based upon common industry 

standards.  The railroad values are based upon American Railway Engineering and Maintenance-of-

Way Association (AREMA) design standards.  Individual railroad standards may vary. 

 

Table 1: Minimum Casing Pipe Thickness 

 

Nominal Diameter 

(inches)* 

Roadway 

(inches) 

Railroad 

(inches) 

6 through 14 0.250 0.25 

16 0.250 0.281 

18 0.250 0.312 

20 0.250 0.344 

24 0.281 0.375 

30 0.312 0.469 

36 0.344 0.531 

42 0.344 0.625 

48 0.344 0.687 

54  0.719 

60  0.843 

66  0.937 

72  1.000 

Notes:  Minimum thicknesses assume a minimum of 4.5 feet of cover over top of pipe. 

 

*Additional casing diameters are available. 
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C. Casing diameter 
 

The casing pipe should be sized to provide a minimum of 4 inches of clearance between the inside of 

the casing pipe and the largest outside diameter of the carrier pipe (including pipe bells) to allow for 

deflection of the casing pipe and installation of casing spacers. 
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