SECTION 02630A

STORM-DRAINAGE SYSTEM

03/00

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the extent referenced.  The publications are referred to in the text by basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS

(AASHTO)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 123




(1997ael) Zinc (Hot-Dip Galvanized)

Coatings on Iron and Steel Products

ASTM C 76




(1999) Reinforced Concrete Culvert, Storm

Drain, and Sewer Pipe

ASTM C 655
(1995a) Reinforced Concrete D-Load

Culvert, Storm Drain, and Sewer Pipe

ASTM D 1557




(1998) Laboratory Compaction Characteristics

of Soil Using Modified Effort

(56,000 ft-lbf/cu. ft.)

ASTM F 477
(1999) Elastomeric Seals (Gaskets) for Joining Plastic Pipe

ASTM F 794
(1999) Polyvinyl Chloride (PVC) Profile Gravity Sewer Pipe and Fittings Based on Controlled Inside Diameter

ASTM F 949
(1999) Polyvinyl Chloride (PVC) Corrugated Sewer Pipe with a Smooth Interior and Fittings

1.2   (Not Applicable)

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; submittals not having a "G" designation are for information only.  When used, a designation following the "G" designation identifies the office that will review the submittal for the Government.  

SD-02 Shop Drawings
Metal items; G
SD-03 Product Data

Concrete piping including fittings and jointing materials; G

Polyvinyl chloride (PVC) plastic piping including fittings and jointing materials; G

Corrugated plastic piping including fittings and jointing materials; G
  Printed copies of the manufacturer's recommendations for installation procedures of the material being placed, prior to installation.

SD-04 Samples
Pipeline materials; G
SD-07 Certificates

Resin Certification; G

Pipeline Testing; G

Hydrostatic Test on Watertight Joints; G

Determination of Density; G

Frame and Cover for Gratings; G

  Certified copies of test reports demonstrating conformance to applicable pipe specifications, before pipe is installed.  Certification on the ability of frame and cover or gratings to carry the imposed live load.

1.4   DELIVERY, STORAGE, AND HANDLING

1.4.1   Delivery and Storage

Materials delivered to site shall be inspected for damage, unloaded, and stored with a minimum of handling.  Materials shall not be stored directly on the ground.  The inside of pipes and fittings shall be kept free of dirt and debris.  

1.4.2   Handling

Materials shall be handled in a manner that ensures delivery to the trench in sound, undamaged condition.  Pipe shall be carried to the trench, not dragged.

PART 2   PRODUCTS

2.1   PIPE FOR STORM DRAINS

Pipe for storm drains shall be of the sizes indicated and shall conform to the requirements specified.

2.1.1   Concrete Pipe (4000 psi reinforced concrete with Type II cement)

ASTM C 76, Class 3, or ASTM C 655, 500 D-Load.

2.1.2   Polyvinyl Chloride (PVC) Plastic Piping
2.1.2.1   PVC Plastic Pipe and Fittings

ASTM D 3034, shall be SDR 35, having ends adaptable for elastomeric gasket joints.

2.1.2.2   Joints and Jointing Material for PVC Plastic Piping

Joints shall conform to ASTM D 3212.  Gaskets shall conform to ASTM F 477.

Polyvinyl Chloride (PVC) Pipe and Fittings, 10 Inch Diameter and Smaller:  ASTM D 3034, SDR 35, with ends suitable for elastomeric gasket joints.  ASTM F 949 with solvent cement joints or elastomeric gasket joints.  ASTM D 3212 elastomeric gasket joints, ASTM D 2564 solvent cement joints and ASTM F 477 gaskets.

2.1.3   Corrugated Plastic Piping
2.1.3.1   Pipe and Fittings

Corrugated polyvinyl chloride (PVC) pipe conforming to ASTM F 794 or corrugated, high density polyethylene pipe (HDPE) conforming to AASHTO M 252 or AASHTO M 294.  PVC fittings with solvent cemented components shall conform to ASTM D 2855 and ASTM F 402.

2.1.3.2   Joints and Jointing Materials

ASTM D 3212 for PVC pipe joints or manufacturer's recommendations for HDPE joints.

2.2   MISCELLANEOUS MATERIALS

2.2.1   Concrete

Unless otherwise specified, concrete and reinforced concrete shall have a minimum ultimate compressive strength of 3000 psi at 28 days and shall conform to the requirements of ACI 318 Building Code Requirements forstructural concrete.  The concrete mixture shall have air content by volume of concrete, based on measurements made immediately after discharge from the mixer, of 5 to 7 percent when maximum size of coarse aggregate exceeds 1-1/2 inches.  The concrete covering over steel reinforcing shall not be less than 1 inch thick for covers and not less than 1-1/2 inches thick for walls and flooring.  Concrete covering deposited directly against the ground shall have a thickness of at least 3 inches between steel and ground.  

2.2.2   Mortar

Mortar for pipe joints and connections to other drainage structures, shall conform to ASTM C 270, Type M.  The quantity of water in the mixture shall be sufficient to produce a stiff workable mortar.  Water shall be clean and free of harmful acids, alkalies, and organic impurities.  The mortar shall be used within 30 minutes after the ingredients are mixed with water.  The inside of the joint shall be wiped clean and finished smooth.  The mortar head on the outside shall be protected from air and sun with a proper covering until satisfactorily cured.

2.2.3 Manhole Frame and Cover

Cover for manholes shall be heavy duty type as specified on design drawings.

2.3   STEEL RUNGS

These rungs shall be not less than 16 inches in width and 3/4 inch diameter rungs spaced 12 inches apart.  Rungs shall be galvanized after fabrication in conformance with ASTM A 123.

PART 3   EXECUTION

3.1   EXCAVATION FOR PIPE CULVERTS, STORM DRAINS AND DRAINAGE STRUCTURES

Excavation of trenches, and for appurtenances and backfilling for culverts and storm drains, shall be in accordance with the applicable portions of Section 02316A "Excavation, Trenching, and Backfilling for Utilities Systems" and the requirements specified below.

3.1.1   Trenching

The width of trenches at any point below the top of the pipe shall be not greater than the outside diameter of the pipe plus 8 to 12 inches on either side to permit satisfactory jointing and thorough tamping of the bedding material under and around the pipe.  Sheeting and bracing, where required, shall be placed within the trench width as specified.  Contractor shall not overexcavate.  Where trench widths are exceeded, redesign with a resultant increase in cost of stronger pipe or special installation procedures will be necessary.  Cost of this redesign and increased cost of pipe or installation shall be borne by the Contractor without additional cost to the Government.

3.1.2   Removal of Rock

Rock in either ledge or boulder formation shall be replaced with suitable materials to provide a compacted earth cushion having a thickness between unremoved rock and the pipe of at least 8 inches or 1/2 inch for each foot of fill over the top of the pipe, whichever is greater, but not more than three-fourths the nominal diameter of the pipe.  Where bell-and-spigot pipe is used, the cushion shall be maintained under the bell as well as under the straight portion of the pipe.  Rock excavation shall be as specified and defined in Section 02316A "Excavation, Trenching, and Backfilling for Utilities Systems".

3.1.3   Removal of Unstable Material

Where wet or otherwise unstable soil incapable of properly supporting the pipe, as determined by the Contracting Officer, is unexpectedly encountered in the bottom of a trench, such material shall be removed to the depth required and replaced to the proper grade with select granular material, compacted as provided in paragraph BACKFILLING.  When removal of unstable material is due to the fault or neglect of the Contractor in his performance of shoring and sheeting, water removal, or other specified requirements, such removal and replacement shall be performed at no additional cost to the government.

3.2   BEDDING

The bedding surface for the pipe shall provide a firm foundation of uniform density throughout the entire length of the pipe.

3.2.1   Concrete Pipe Requirements

When no bedding class is specified or detailed on the drawings, concrete pipe shall be bedded in a soil foundation accurately shaped and rounded to conform to the lowest one-fourth of the outside portion of circular pipe or to the lower curved portion of pipe arch for the entire length of the pipe or pipe arch.  When necessary, the bedding shall be tamped.  Bell holes and depressions for joints shall be not more than the length, depth, and width required for properly making the particular type of joint.

3.3   PLACING CONCRETE PIPE

Each pipe shall be thoroughly examined before being laid; defective or damaged pipe shall not be used.  Pipelines shall be laid to the grades and alignment indicated.  Proper facilities shall be provided for lowering sections of pipe into trenches.  Pipe shall not be laid in water, and pipe shall not be laid when trench conditions or weather are unsuitable for such work.  Diversion of drainage or dewatering of trenches during construction shall be provided as necessary.  Laying shall proceed upgrade with spigot ends of bell-and-spigot pipe and tongue ends of tongue-and-groove pipe pointing in the direction of the flow.

3.3.1   Installation of PVC Plastic Piping

Install pipe and fittings in accordance with the "General Requirements for Installation of Pipelines" and with the requirements of ASTM D 2321 for laying and joining pipe and fittings.  Make joints with the gaskets specified for joints with this piping; assemble in accordance with the requirements of ASTM D 2321 for assembly of joints.  Make joints to other pipe materials in accordance with the recommendations of the plastic pipe manufacturer.

3.3.2   Installation of Corrugated Plastic Piping

Install pipe and fittings in accordance with the "General Requirement for Installation of Pipelines" and with the recommendations of the PVC or HDPE pipe manufacturer.

3.4   JOINTING

3.4.1   Concrete Pipe

3.4.1.1   Cement-Mortar Bell-and-Spigot Joint

The first pipe shall be bedded to the established gradeline, with the bell end placed upstream.  The interior surface of the bell shall be thoroughly cleaned with a wet brush and the lower portion of the bell filled with mortar as required to bring inner surfaces of abutting pipes flush and even.  The spigot end of each subsequent pipe shall be cleaned with a wet brush and uniformly matched into a bell so that sections are closely fitted.  After each section is laid, the remainder of the joint shall be filled with mortar, and a bead shall be formed around the outside of the joint with sufficient additional mortar.  If mortar is not sufficiently stiff to prevent appreciable slump before setting, the outside of the joint shall be wrapped or bandaged with cheesecloth to hold mortar in place.

3.4.1.2   Cement-Mortar Tongue-and-Groove Joint

The first pipe shall be bedded carefully to the established gradeline with the groove upstream.  A shallow excavation shall be made underneath the pipe at the joint and filled with mortar to provide a bed for the pipe.  The grooved end of the first pipe shall be thoroughly cleaned with a wet brush, and a layer of soft mortar applied to the lower half of the groove. The tongue of the second pipe shall be cleaned with a wet brush; while in horizontal position, a layer of soft mortar shall be applied to the upper half of the tongue.  The tongue end of the second pipe shall be inserted in the grooved end of the first pipe until mortar is squeezed out on interior and exterior surfaces.  Sufficient mortar shall be used to fill the joint completely and to form a bead on the outside.

3.4.1.3   Plastic Sealing Compound Joints for Tongue-and-Grooved Pipe

Sealing compounds shall follow the recommendation of the particular manufacturer in regard to special installation requirements.  Surfaces to receive lubricants, primers, or adhesives shall be dry and clean.  Sealing compounds shall be affixed to the pipe not more than 3 hours prior to installation of the pipe, and shall be protected from the sun, blowing dust, and other deleterious agents at all times.  Sealing compounds shall be inspected before installation of the pipe, and any loose or improperly affixed sealing compound shall be removed and replaced.  The pipe shall be aligned with the previously installed pipe, and the joint pulled together.  If, while making the joint with mastic-type sealant, a slight protrusion of the material is not visible along the entire inner and outer circumference of the joint when the joint is pulled up, the pipe shall be removed and the joint remade.  After the joint is made, all inner protrusions shall be cut off flush with the inner surface of the pipe.  If nonmastic-type sealant material is used, the "Squeeze-Out" requirement above will be waived.

3.5   DRAINAGE STRUCTURES

3.5.1   Manholes 

Construction shall be of reinforced concrete, complete with frames and covers as specified; and with fixed galvanized steel ladders or steel rungs.  Pipe 

connections to concrete manholes shall be made watertight.

3.6   STEEL LADDER INSTALLATION

Ladder shall be adequately anchored to the wall by means of steel inserts spaced not more than 6 feet vertically, and shall be installed to provide at least 6 inches of space between the wall and the rungs.  The wall along the line of the ladder shall be vertical for its entire length.

3.7   BACKFILLING

3.7.1   Backfilling Pipe in Trenches

After the pipe has been properly bedded, selected material from excavation or borrow, at a moisture content that will facilitate compaction, shall be placed along both sides of pipe in layers not exceeding 6 inches in compacted depth.  The backfill shall be brought up evenly on both sides of pipe for the full length of pipe.  The fill shall be thoroughly compacted under the haunches of the pipe.  Each layer shall be thoroughly compacted with mechanical tampers or rammers.  This method of filling and compacting shall continue until the fill has reached an elevation of at least 12 inches above the top of the pipe.  The remainder of the trench shall be backfilled and compacted by spreading and rolling or compacted by mechanical rammers or tampers in layers not exceeding 8 inches. Tests for density shall be made as necessary to ensure conformance to the compaction requirements specified below.  

3.7.2   Backfilling Pipe in Fill Sections

For pipe placed in fill sections, backfill material and the placement and compaction procedures shall be as specified below.  The fill material shall be uniformly spread in layers longitudinally on both sides of the pipe, not exceeding 6 inches in compacted depth, and shall be compacted by rolling parallel with pipe or by mechanical tamping or ramming.  Prior to commencing normal filling operations, the crown width of the fill at a height of 12 inches above the top of the pipe shall extend a distance of not less than twice the outside pipe diameter on each side of the pipe or 12 feet, whichever is less.  After the backfill has reached at least 12 inches above the top of the pipe, the remainder of the fill shall be placed and thoroughly compacted in layers not exceeding 8 inches.

3.7.3   Movement of Construction Machinery

When compacting by rolling or operating heavy equipment parallel with the pipe, displacement of or injury to the pipe shall be avoided.  Movement of construction machinery over a storm drain at any stage of construction shall be at the Contractor's risk.  Any damaged pipe shall be repaired or replaced.

3.7.4   Compaction

3.7.4.1   General Requirements

Cohesionless materials include gravels, gravel-sand mixtures, sands, and gravelly sands.  Cohesive materials include clayey and silty gravels, gravel-silt mixtures, clayey and silty sands, sand-clay mixtures, clays, silts, and very fine sands.  When results of compaction tests for moisture-density relations are recorded on graphs, cohesionless soils will show straight lines or reverse-shaped moisture-density curves, and cohesive soils will show normal moisture-density curves.

3.7.4.2   Minimum Density

Backfill over and around the pipe and backfill around and adjacent to drainage structures shall be compacted at the approved moisture content to the following applicable minimum density, which will be determined as specified below.

a. Under pavements, paved roads, streets, parking areas, and similar-use pavements including adjacent shoulder areas, the density shall be not less than 90 percent of maximum density for cohesive material and 95 percent of maximum density for cohesionless material, up to the elevation where requirements for pavement subgrade materials and compaction shall control.

b. Under unpaved or turfed traffic areas, density shall not be less than 90 percent of maximum density for cohesive material and 95 percent of maximum density for cohesionless material.

c. Under nontraffic areas, density shall be not less than that of the surrounding material.

3.7.5   Determination of Density

Testing shall be the responsibility of the Contractor and performed at no additional cost to the Government.  Testing shall be performed by an approved commercial testing laboratory or by the Contractor subject to approval.  Tests shall be performed in sufficient number to ensure that specified density is being obtained.  Laboratory tests for moisture-density relations shall be made in accordance with ASTM D 1557 except that mechanical tampers may be used provided the results are correlated with those obtained with the specified hand tamper.  Field density tests shall be determined in accordance with ASTM D 2167.  

3.8   PIPELINE TESTING

Lines shall be tested for leakage by low pressure air or water testing or exfiltration tests, as appropriate.  Low pressure air testing for concrete pipes shall conform to ASTM C 924.  Testing of individual joints for leakage by low pressure air or water shall conform to ASTM C 1103.  Prior to exfiltration tests, the trench shall be backfilled up to at least the lower half of the pipe.  If required, sufficient additional backfill shall be placed to prevent pipe movement during testing, leaving the joints uncovered to permit inspection.  Visible leaks encountered shall be corrected regardless of leakage test results.  An exfiltration test shall be made by filling the line to be tested with water so that a head of at least 2 feet is provided above both the water table and the top of the pipe at the upper end of the pipeline to be tested.  The filled line shall be allowed to stand until the pipe has reached its maximum absorption, but not less than 4 hours.  After absorption, the head shall be reestablished.  The amount of water required to maintain this water level during a 2-hour test period shall be measured.  Leakage, as measured by the exfiltration test, shall not exceed 250 gallons per inch in diameter per mile of pipeline per day or 0.2 gallons per inch in diameter per 100 feet of pipeline per hour.  When leakage exceeds the maximum amount specified, satisfactory correction shall be made and retesting accomplished.  Testing, correcting, and retesting shall be made at no additional cost to the Government.

-- End of Section --
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