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FLEXIBLE CONDUIT (PLASTIC PIPE) 
INSTALLATION GUIDELINES FOR ALL PROGRAMS

Introduction
The objectives when installing a buried plastic pipe (conduit) are to minimize pipe deflections induced by, or resulting from, the installation process, and to provide a firm, stable permanent support for the pipe when the installation is subjected to loads.  This note deals with factors that are especially critical in obtaining such an installation.

Terminology
Terminology used to describe buried pipe installations varies among regions of the country and also among various specifying authorities.  The terminology that follows is used throughout this report.  A general arrangement of the pipe embedment system describing the terminology is shown in Figure 1.

Foundation – A foundation is a material used under the bedding.  It may be required in trenches with unstable bottoms, rock, or where excess water is encountered.
Embedment System – The embedment system, which also may be the drainage envelope for perforated underdrains, includes bedding, haunching, and initial backfill.

Bedding – Bedding is the portion of the embedment that is prepared and in place prior to installing the pipe.  Where in-situ soil conditions and drainage characteristics permit, the in-situ trench bottom may serve as bedding.  Bedding should contain a groove conforming to the pipe curvature.

Haunching – This is a layer of embedment material that extends from the top of the bedding to the springline of the pipe.

Haunch Zone – This zone is defined as the area between the invert and the springline of the pipe.


Initial Backfill – Initial backfill is the portion of the embedment system that extends from the top of the haunching to 6 to 12 in. (150 to 300mm) above the crown of the pipe.

Final Backfill – Final backfill is that portion of the installation that lies between the top of the initial backfill and the top of the trench.

Pipe Zone – This zone lies adjacent to the pipe over its full height.

pipe embedment system

The objectives to be achieved in the installation of a flexible buried plastic pipe for drainage are as follows:

1. The line and grade of a drainage piping system should be constructed to provide the designed gravity flow.

2. The cross section of the installed pipe should be within specified deflection limits immediately after construction and remain reasonably circular for the life of the pipe.  Over deflection by earth and traffic loads is an indication of excessive strain in the pipe wall; it may restrict cleaning devices, restrict flow, cause sedimentation and cause gasketed joints to leak.

3. When buried pipe is used for underdrains, the embedment system also serves as a drainage envelope, and must permit free drainage for the design life of the system.  This means that the envelope must be designed and constructed to allow passage of water, with minimum transport of fines into or through the envelop system.  Movement of fines into the envelope may clog the pipe perforations or cause loss of structural support by embedment materials.

An acceptable installation results from the proper choice of materials and construction techniques.

KEY STRUCTURAL CONSIDERATIONS

Deflection is a practical indication of the state of stress or strain in the wall of a flexible pipe.  Most design methods and design criteria for flexible pipe are based on deflection and its control.  Deflection is easy to measure and it has been traditionally used as a measure of adequacy of flexible pipe installations.  The objective of the installation is to ensure that the pipe is installed with tolerable deflections and that deflections do not increase significantly during the lifetime of the system.

The two primary sources of deflection are those resulting from installation and those arising from subsequent earth and traffic loads.
Plastic pipe is flexible and can be deformed rather readily during the installation process.  If suitable methods and materials are not used in the installation, the excessive deflections that may result can seriously detract from or cause failure of the system.  Generally, installation deflections are reduced with increasing pipe stiffness.  Improper construction, however, can result in overdeflection of stiff pipe, whereas proper construction can result in negligible deflection of very flexible pipe.

Plastic pipe depends on the embedment or envelope material for its support.  Theory, laboratory and field tests, and experience with failures, all point to the necessity of providing uniform and continuous support around flexible pipe.  The properties of the surrounding embedment material have more influence on pipe behavior under earth and wheel loads than the stiffness of the pipe itself.
The design and execution of the installation recognizes that the pipe-soil structure is being constructed in the field.  Field conditions are usually difficult, particularly in trenches where ledge, boulders, frozen material, water, and unstable conditions are encountered.  Materials used for embedment may be variable by nature.  Handling and obtaining required density and uniformity of embedment can vary depending on properties such as grain size and moisture content.  Obviously, the more that can be done to improve construction reliability, the greater the chances for a successful installation.  Reliability is a function of the materials specified, furnished, and the procedures used in construction of the embedment envelope.

KEY DRAINAGE CONSIDERATIONS
The underdrain pipe is one component of the drainage system.  A second component is the drainage envelope surrounding the pipe and/or its filter sleeve.  The third component is the material to be drained, such as in-situ material in the trench bottom, walls or backfill over the pipe.  These components must work together to provide suitable drainage.

The function of the system is to carry water to the underdrain conduit as rapidly as possible.  Flow rate should be restricted, to minimize transport of fines into the envelope or the underdrain.  Holes or slots in the underdrain pipe should be small enough to reduce significant quantities of fines from entering the pipe.  Nonwoven fabric filter sleeves should be used in certain instances to minimize entry of fines into the pipe.
FUNCTIONS AND REQUIREMENTS OF PIPE INSTALLATION

This section is devoted to the various components of the pipe installation and their principal roles in achieving satisfactory performance.
FOUNDATION

A specially constructed foundation layer may be required depending on subsurface conditions.  When used, the foundation provides a firm base in the event that the trench bottom is unstable and in case of overexcavation.  It serves to level the trench bottom cut in rock and provides a cushion layer above a rock or hard earth trench bottom.  The drainage layer serves to drain ground water entering the trench from the work area or from adjacent trench sections.  Where inflow is severe, underdrains may be incorporated to speed drainage to sumps, drainage ditches, or other means of water removal.  As discussed later, foundation materials must be carefully selected to be compatible with both in-situ and embedment materials and to facilitate removal of flowing water.
In all locations except dams and water impounding structures, the bedding needs not be compacted immediately under the pipe except as necessary to provide a uniform, smooth cushion for the pipes entire length.  In dams and other locations where compaction is needed to reduce leakage, the bedding material must be trimmed to a smooth surface to fit the pipe and provide uniform contact along its entire length.

EMBEDMENT

The embedment material consists of the bedding, haunching, and the initial backfill.  Material placed in the haunch zone below the springline, and which may be comprised of either the bedding or the haunching, or both, is a vital part of the installation.  This zone supports the pipe wall under vertical loads applied to the pipe, and it plays a significant role in lateral support and structural performance of the installation.

Judgment, theory, tests, and evaluation of field failures all lead to the conclusion that the support at the haunches of any buried pipe must be uniform rather than concentrated.  Therefore, desired support is a uniform “cradle” of embedment material extending for the full pipe length.  A uniform cradle holds for any pipe, and any means used in the field to provide uniform bedding is acceptable.

Designs and installations must recognize the importance of supporting the haunches of plastic pipe.  A shaped bedding groove that conforms to the pipe must be provided prior to installation.  Also, it may prove more convenient to tamp embedment material underneath heavy pipe haunches to provide the desired uniform support.  Granular embedment materials can be compacted readily and are desirable as materials for the haunch zone.

The embedment materials placed in the pipe zone at the sides of the pipe are also critical to the success of a flexible plastic pipe installation.  This material, including that in the haunch zone, must provide uniform lateral support for the pipe wall to minimize ovalling or deflection.  Like the bedding, material adjacent to the pipe should provide a continuous uniform cradle extending for the full height and length of the pipe.

The upper portion of the initial backfill material above the crown of the pipe is also important in installations where significant wheel loads may be applied at the top of the trench.  In this case, the maximum stresses in the pipe are at the crown.  Thus, the initial backfill directly above the pipe can be considered as an inverted bedding.  The quality of this part of the embedment must be similar to that previously described for bedding and haunching.

FINAL BACKFILL
The final backfill material applied above the embedment system usually has little practical importance in pipe performance.  It should, of course, be free of boulders and debris to prevent high localized loads on the pipe embedment system.  In installations located under pavements, the backfill material should be compacted to the density of adjacent materials to minimize differential settlement and subsequent loss of support to the pavement.

CONSIDERATIONS IN MATERIALS SELECTION

Because the nature and placement of embedment materials may have more influence on pipe deflection than the pipe itself, selection of embedment materials is a primary consideration in installation design.  Key factors in this selection are as follows:

Reliability
Theoretically, a wide variety of soils and processed aggregates can be used for the founding and embedding of plastic pipe.  Density requirements under loads applied for these soils could also be varied to meet design deflection control criteria.  From the standpoint of practicality and reliability, however, the choice becomes somewhat limited.

Reliability is a major consideration in the drainage of transportation facilities, which are typically important civil works.  Full time monitoring of such projects may not always be feasible.  Furthermore, installations may be subjected to substantial wheel loads during construction.  Finally, the pipe may be buried under pavements, where complications of dig-up of an installed pipe are enormous.  For these reasons, clean, angular materials such as coarse sands, gravels, and crushed stone are traditionally used for embedment of pipe.

Properly designed drainage envelope materials are granular and free of fines, and are highly satisfactory for structural embedment.  Clean, angular embedment materials can be readily compacted and compaction can be achieved over a wide range of moisture contents.  Although compaction is recommended, these materials reach rather high densities even if not compacted by positive means.  Specific materials meeting these requirements are:  

1. Class A – Angular, ½ in. (13mm) maximum size, well-graded crush stone, coral, slag, cinders, and crushed shells.  (ASTM D 2321 allows the use of 1½ in. maximum size aggregates, but the use of such large sizes is not consistent with the requirements for haunching and embedment, and reliability.)

2. Class B – Clean coarse sands and gravels with maximum particle size of ½ in. (12mm) including various graded sands and gravels containing small percentages of fines, generally granular, and noncohesive, when either wet or dry.  Soil types GW, GP, SW, and SP are included (See ASTM D 2478 or Chapter 4, National Engineering Handbook, Part 650, Engineering Field Handbook, Chapter 4, for meanings of these symbols).

3. Drainage Envelopes – Drainage envelope materials may be either processed or natural soils with characteristics of either Class A or Class B embedments.

Unless there is a problem of migration of in-situ materials, Class A materials are preferred for embedment.  These materials display high density and stiffness even when not compacted.  They drain rapidly and help drain water from the trench, and they serve as drainage envelopes.

COMPACTION OR DENSITY

Theoretically and practically, the component of deflection of the pipe that results from applied load decreases with increasing stiffness or density of the embedment material.  In one simple sense, the applied load tends to densify the embedment, and the pipe deflects to accommodate the associated change in volume.  Conversely, the lower the installed density, the higher the amount of pipe deflection that takes place under superimposed loads.

Installations subject to surface traffic, the repetitive, concentrated wheel loads tends to densify embedment materials.  Hence, original specified density should be high to minimize the amount of subsequent deformation.  A minimum density of 95 percent of maximum dry density (AASHTO T-99) is appropriate.  It is impractical to measure the density of Class A materials.  Such materials should be tamped or compacted by positive means to minimize subsequent deformation.
As a rule, any installation specification should require positive compaction, and a density of 90 percent of maximum dry density (AASHTO T‑99), or higher.

COMPATIBILITY OF MATERIALS

A point deserving special emphasis results from field experiences with flexible plastic pipe that have shown excessive deflection or failures.  Failure to meet performance requirements can frequently be traced to a migration of fine materials into the voids in open-graded imported embedment materials, particularly when water is present to encourage flow of fines.  This loss of structural support of the pipe, results in excessive deflection, rupture, or collapse.  This demonstrates the need for compatible gradations of in-situ soils and imported embedment materials.

When open-graded crushed stones or other processed or manufactured Class A materials are used as foundation or embedment material, possible migration of fines exist.  If gradation is sufficiently open, fines can migrate from either the trench wall or possibly from Class B materials placed above or below a layer of Class A materials.  Thus, when open-graded Class A materials are used as bedding or foundation to stabilize an unstable trench bottom, for example, Class B materials should not be used as pipe embedment, unless compatibility of gradation is verified.

CONSTRUCTION CONSIDERATIONS

Trench proportions and construction procedures for plastic for conventional piping installations.  There are several important considerations bearing on the flexible pipe installation that deserve emphasis.

TRENCH WIDTH

It is generally considered good practice to keep the trench width as narrow as possible.  Long standing theories have held that friction that develops between the trench wall and the backfill relieves the pipe of some vertical load.  The theoretical amount of load reduction varies with properties of the soils involved, water conditions, depth-to-width ratio of the trench, and pipe stiffness.  Although, as a rule, minimizing trench width remains good practice, it is much less important in typical shallow buried drainage applications where other factors can prove more critical.
The trench must be wide enough to allow placing and compacting material into the haunch zone.  Placement can be done by shovel.  A trench width that allows a clearance of 12 in. (300 mm) on either side of the pipe at springlines is generally the minimum space needed to work in the trench and place haunching material.  This clearance depends somewhat on pipe size and depth and type of compaction equipment.  Care must be used to avoid damaging pipe when pneumatic compactors are used.

USE OF SHIELDS AND SHEETING

Shields, sheeting, and other supports may be required to support trench walls for safety of personnel of if the walls are unstable.  A key consideration in flexible plastic pipe installations is to ensure that these devices allow ample room to place and compact materials.

Portions of sheeting in the embedment zone should be left in place, unless methods are employed that allow for its removal without disturbing the embedment system.  Sheeting left in place must be selected to last for the lifetime of the installation.

Movable shields may be used and should be positioned and moved in a manner that will minimize disturbance of embedment materials and pipe.

BEDDING THE PIPE

Ideal bedding for any pipe is a uniform, smooth shaped bedding groove that conforms closely to the lower half of the pipe.  A bedding groove provides advantages over the use of tamped material in the lower part of the haunch zone.  The bedding groove can be prepared from above and inspected before the pipe is laid.  The groove is practically a necessity in holding corrugated PE piping true to line and grade during installation.

When a bedding groove is used, it must fit the pipe within close tolerances in the longitudinal direction as well as in cross section.  If the radius of the groove is significantly greater than that of the pipe, the gap between the pipe and the bedding may be difficult or impossible to fill during subsequent tamping or compaction operations.  An oversize bedding groove may do more harm than good.  A template machine groove or other means of obtaining a semi-circular groove is required.  The bedding must be shaped along the pipe length, including bell holes, to provide uniform continuous support.

Many types of plastic pipe have belled ends.  A small pocket should be made in the bedding to accommodate the bell, to provide localized reactions from point support at the thickened bell.

If the bedding is not grooved, haunching material should be tamped into the lower part of the haunch zone.  Tamping is a blind operation, the degree of compaction is not readily controlled or measured, inspection is nearly impossible, and tamping below lightweight pipe will displace the pipe.  Despite these problems, field tests and general field experience indicate that tamping material, if properly done, can provide good deflection control and bedding conditions.
HAUNCHING AND INITIAL BACKFILL

Placement of haunching and initial backfill materials around plastic pipe should follow procedures used in installing conventional pipe.  The key consideration is that plastic pipe systems are very flexible compared to conventional pipe systems, and, hence, they may experience excessive deflection during installation unless proper procedures are followed.  Most plastic pipe is brittle, particularly in cold weather, and this also must be recognized during installation of the backfill.

The following are important considerations related to installation of the initial backfill and haunching materials:

1. Material should be carefully placed and tamped into the entire haunch zone of the pipe, uniformly, over the whole length of the pipe.

2. Granular embedment material should be placed by chutes or shovels to the sides of the trench to prevent impact on the pipe.  The pipe should be stabilized by mounding embedment material at intervals along its length, during placement, or by other suitable means, as required to minimize lateral movements of the pipe.

3. For pipe 8 in. (203 mm) in diameter and larger, embedment material should be placed to the springline and compacted by tamping, vibratory compactors, or other means.  Compaction equipment should not be allowed to contact the pipe to avoid gouging, breaking or excessive deflection.  Lift thickness should be compatible with the compaction method to achieve required compaction.  The remainder of the initial backfill should be compacted in appropriate lift thickness.  Material at the sides of the pipe should be compacted before compacting material lying directly above the pipe, and this material should not be compacted until sufficient cover is provided.  These steps tend to minimize deflections induced during installation.

4. Lift thickness become impractically thin when material is placed to the springline of pipe less than 8 in. (203 mm) in diameter.  Small diameter pipe is easily displaced when embedment material is compacted at this level.  Thus, embedment of smaller pipe should be placed to the level of the top of the pipe before the sidefill is compacted.

FINAL BACKFILL

Final backfill installation is similar in most respects to that for conventional pipe.  Key considerations are to avoid excessive deflection of the pipe, avoid large boulders and other debris and do not dump from a significant height.

A protective earth cover must be placed over the top of the pipe before heavy equipment is allowed in or on top of the trench.  Where construction traffic is anticipated, the final backfill should be compacted to a density sufficient to prevent rutting.  Deep ruts can seriously diminish the actual earth cover and the pipe installation may be seriously disturbed if not protected by adequate cover.
SPECIAL CONSIDERATION FOR CORRUGATED PLASTIC TUBING

Corrugated plastic tubing has several characteristics that require special consideration during installation.  They are related to the longitudinal flexibility of the tubing introduced by the corrugations and the light weight of the tubing.

Corrugated tubing in diameters up to 6 or 8 in. (152 or 203 mm) is available in coils for convenience in shipping and handling.  It may be difficult to obtain straight lengths of tubing after uncoiling, particularly at the larger pipe diameters.  This is aggravated by cold weather.  Even “straight” lengths, may exhibit significant residual warping and undulations.

The inherent longitudinal variations discussed earlier, combined with the lightness of corrugated tubing, present some problems of obtaining line and grade that are more readily obtainable with smooth-wall pipe.  Once laid in place and straightened, warped tubing will tend to return to its warped configuration unless it is either warmed by the sun, anchored in place with wire hoops located at intervals along its length, or held in a tight fitting bedding groove.  To prevent lifting the light weight tubing embedment material must be placed almost to the top o the pipe before compacting.  Wire hoops help to prevent shifting, and shaped bedding minimizes or eliminates the necessity for tamping material in the haunch zone.

The use of a shaped bedding groove is the preferred method for achieving uniformity of line and grade in a corrugated pipe installation.  Where the gradation of the bedding does not permit accurate shaping, as a Class A materials, closely spaced wire hoops should be used to hold the pipe in place until initial backfill is installed.  Shaped bedding is readily obtained with specially equipped automated installation equipment.

The corrugation pattern interrupts the longitudinal structural continuity of corrugated tubing.  This makes the tubing vulnerable to longitudinal “stretch” during installation.  That is, the tubing can be elongated significantly by axial forces applied during uncoiling, dragging the pipe, or by excessive drag within automated installation equipment.  Elongation results in deformations in the corrugation configuration and lowers pipe stiffness.  Thus, field installation procedures should ensure that longitudinal elongation of the installed pipe is within tolerable limits, which is typically set at 5 percent.

Highly automated installation equipment has been developed to install conventional agricultural drainage tile and smooth-wall or corrugated plastic pipe and tubing.  Corrugated plastic tubing has received the most use in agricultural applications and the experience with this equipment pertains to installing corrugated tubing rather than smooth-wall plastic pipe.

The automated installation equipment is comprised of several main components, the details of which vary depending on machine manufacture and application.

An automated machine used to install underdrains in Alabama has the following features (Figure 2):

1. A tractor located at the front end provides locomotion.

2. A chain type trencher is mounted on a “floating” boom.  The depth of the trench is controlled automatically by a mechanism activated by a remote laser bench mark, or the trench can be made a fixed depth below grade.

3. Conveyor belt mounted below the trencher chain to deflect the excavated spoil falling from the scoops to either side of the trench.

4. A “boot” functioning as a trench shield fits into the trench, supports the trench walls, and excludes crumbs while the tubing feeds through it.

5. All design installations should call for a bedding groove in the trench bottom.  A “groover” located on the leading edge of the boot, forms a semicircular (180 deg) bedding groove in the bottom of the trench.

6. A hopper that retains the distributes select materials for the embedment or drainage envelope is mounted on the trailing edge of the boot.  A small vibrating compactor located within the hopper compacts the embedment material at a level 5 in. (127 mm) above the crown of the pipe.

7. A second compactor located on the trailing edge of the boom compacts the top of the trench.  Alternately, the top of the trench can be compacted in a separate operation.

Automated machine installation is efficient and is the preferred method for installing corrugated plastic tubing.  The difficulties of installing, bedding, and embedding the lightweight flexible tubing by hand methods are minimized.

Handling of Pipe

Each type of plastic pipe has different handling characteristics that should be familiar to the qualified installation contractor.  As with any pipe materials, specific limits cannot be placed on how plastic pipe is handled in the field or on how many misuse may affect subsequent performance.  Hence, the following is offered only as guidelines what may prove helpful in field control.

Handling

Plastic pipe is rugged.  However, there are a number of reasons why rough treatment should be avoided in spite of this desirable characteristic.

A primary concern related to impact.  If impact stresses are sufficient, the pipe will fracture, and this is aggravated by cold weather and extended prior exposure to sunlight.  Fractured pipe can be detected readily and replaced.  Impact damage may reduce the capacity of the pipe to resist sustained stress or strain in the buried condition.
Rough handling can also gouge and scratch the plastic pipe.  Most plastics used is buried pipe are “notch sensitive”, and therefore, such damage can lower impact strength, fatigue resistance and general durability of the product.

Storage in Sunlight

Sunlight can cause significant reductions in impact strength and elongation failure.  The effects of UV deterioration, if extensive, can be detected by a chalking of the surface and/or a color change towards a brownish or yellowish shade.  Such changes are most readily detected by comparing the color of pipe that has received UV exposure, such as outer pipe in a stack, to that of pipe stored in a protected location within the stack.

As a guideline, pipe should be covered if it is exposed to the sun for periods greater than a few weeks.

Distortions During Storage

Plastic pipe can distort severely if nor properly stored.  One type of distortion is longitudinal bowing.  Bowing makes it difficult to achieve specified line and grade.  Therefore, bowed pipe may not properly conform to straight bedding grooves provided.  Pipe that is bowed to an extent that line and grade tolerances or proper bedding cannot be achieved should be rejected.

Bowing can be minimized by storing pipe on supports at intervals spaced to prevent visible sagging.  Sag will increase with storage time and with temperature of storage.

Another type of distortion resulting from improper storage is out-of-roundness or ovaling.  Ovalling makes it difficult to achieve proper fit at connections.

Ovalled pipe meeting the following conditions should be acceptable:

1. The deflection resulting from ovalling should not exceed one-half of the deflection limit specified for the installation.

2. Pipe should be installed with a major axis of the oval in a vertical position.

3. Joint integrity should not be affected.

4. The installation must meet specified deflection limits.  Otherwise, ovalled pipe should be rejected before installation.

SUMMARY AND CONCLUSION
Plastic pipe has been used extensively and successfully in many applications, such as municipal sanitary sewers and storm drains; corrugated perforated tubing in agricultural land drainage; and corrugated tubing systems for subsurface drainage of transportation facilities.  These applications provide extensive experience in the underground use of plastic pipe.

This note provides guidelines, to those interested in the use of buried plastic pipe, in the selection, design and installation of plastic pipe systems and to engineering and construction personnel responsible for the installation of such pipe in the field.

These guidelines incorporate information obtained from the state of the art and findings of significance from several recent studies.

Since available plastic pipe systems appropriate for NRCS application are much less stiff than conventional flexible pipe of the same diameter, such as corrugated metal conduit, this makes plastic pipe much more susceptible to deformation during installation than conventional products.  This entails closer installation control for plastic pipe systems than for conventional pipe.

When the consequences of failure are significant; where high levels of traffic are expected; or where installation could be controlled full-time, stiffer classes of pipe should be recommended.
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Figure 1.  Trench cross section showing terminology
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Figure 2.  Automated equipment for installing PE tubing.

