SECTION 02201 EARTHWORK AND TRENCHING

PART 1 - GENERAL

This section covers earthwork for:  a) excavations, backfills and fills, b) structures, c) pipelines, and d) electrical raceways, wires, cables and conduits.  For earthwork which consists of only pipeline trenching, use Section 02225.  For earthwork which does not include pipeline trenching, use Section 02200.  Use only one of these 3 sections on each project.

A.
Description
This section includes materials, testing, and installation of earthwork for excavations, fills, and embankments for struc​tures, pavements, rights-of-way, and sites; and for trench excavating, backfilling, and compacting for underground pipe-lines.

Modify to suit project.  Check related sections you wish to delete to be sure they are not required.

B.
Related Work Specified Elsewhere
1.
Clearing and Grubbing:  02100.

2.
Concrete Sidewalks and Driveways:  02514.

3.
Concrete Curbs, Gutters, and Sidewalks:  02528.

4.
Formwork, Reinforcing, and Concrete:  03103.

C.
Standards
1.
Determine the density of soil in place by the sand cone method, ASTM D1556 or by nuclear methods, ASTM D2922.

2.
Determine laboratory optimum moisture-density relations of cohesive and non-cohesive soils by ASTM D1557 (modified Proctor).

3.
Sample backfill materials by ASTM D75.

4.
For cohesive and non-cohesive soils, "relative density" is the ratio, expressed as a percentage, of the inplace dry density to the laboratory maximum dry density as determined by ASTM D1557 (modified Proctor).

Delete paragraph if cohesionless soils are not allowed on your project.

5.
Determine the relative density of cohesionless soils by ASTM D2049.

D.
Definitions
1.
Subgrade:  The undisturbed material immediately below the bottom of an excavation, below an area of fill, or below a structure.

2.
Excavation and Trenching:  Removal of earth or buried material, either temporarily or permanently, as specified or as necessary for construction of the project.

3.
Overexcavation:  Excavation exceeding that specified or shown on the plans.

4.
Backfill:  Earth material placed permanently in an exca​vated area or trench.

5.
Fill:  Earth material placed permanently above the exist​ing grade.

6.
Borrow:  Earth material brought from off the site to be used as fill or backfill.

7.
Structures:  Buildings, foundations, and other man-made, stationary features above and below ground.

E.
Submittals
1.
Submit copies of a certification from a testing labora​tory that the material used for all backfills, fills and structural backfills meets the specified criteria and contain less than 1% by weight asbestos.

2.
Submit certification for sheeting, shoring and bracing.

Be sure to address the cost of retesting in the Supplementary Conditions or in Section 01025, Measurement and Payment.

Suggested Measurement and Payment paragraphs for inclusion in Section 01025 are as follows (choose only one paragraph "1"):

1.
Payment for all the work in this section, exclusive of autho​rized overexcavation, shall be included as part of the lump-sum amount stated in the Proposal.  Unless otherwise speci​fied, payment will be made for overexcavation based on the Cost of the Work in accordance with Article 11 of the Stan​dard General Conditions upon written authorization to perform such work from the Owner or his representative.

1.
Payment for the work in this section, exclusive of authorized overexcavation, will be paid for on a unit price basis by cubic yards determined by cross sectioning the completed excavation and fill areas.  The quantities will be based on in-place material prior to excavation and completed and com​pacted in-place fill material.  Unless otherwise specified, payment will be made for overexcavation based on the Cost of the Work in accordance with Article 11 of the Standard Gen​eral Conditions upon written authorization to perform such work from the Owner or his representative.

2.
Payment for excavation will be made on a uniform basis regardless of the nature of excavation or materials encoun​tered.

3.
Payment for trenching will be made under the appropriate pipe installation section unless a separate item is included in the Bid Form.

4.
If a specific trenching unit price is included for select bedding material obtained from a borrow area and not from the facility excavation, base the measurement on the trench width up to the maximum width specified, the depth of material placed up to a maximum of 6 inches, unless otherwise speci​fied, and the length of trench in which material is placed.

5.
If a specified unit price is included for left-in-place lum​ber or sheeting:

a.

Measure ONLY that lumber left in place as specified, except that if more than two-thirds (2/3) of the length of sheeting is left in place, include the entire length for payment.  Make no measurement or payment for lumber which is left in place at the option of the Contractor or which is removed from the excavation.

b.

Measure the number of board feet determined by the number of square feet of trench sheeted and the nominal thick​ness used, but a thickness of sheeting greater than 2 inches shall not be paid for unless otherwise specified.  Make no allowance for waste due to tongues or splines and grooves, or for bracing members.

Coordinate the physical properties for all backfill and fill materials with a geotechnical engineer and modify to suit your particular project.

PART 2 - PRODUCTS

A.
Backfill and Fill
1.
Backfill and fill shall be excavated material or borrow that is free from clayballs larger than 2 inches in their largest dimension and contains no more than 15% by weight passing the No. 200 sieve, no more organic matter (peat, humus, leaves, and carbon compounds) than 1% by weight, and no cobbles larger than 2 inches in their largest dimension.  The gradation of this sand or well graded sand and gravel mixture shall be such as to achieve the specified compaction.

2.
In the event there is insufficient satisfactory material from the excavation to meet the requirements for backfill or fill material, obtain borrow which meets the require​ments for backfill material from sources secured by the Contractor.

3.
All material shall contain less than 1% by weight asbestos.

B.
Structural Backfill
1.
Structural backfill shall consist of clean, fine to medium sand, contain less than 1% by weight asbestos or organic matter (peat, humus, leaves, and carbon com​pounds), and conform to the following gradation require​ments:


Sieve Size
Weight Percent Passing

(Square Openings)
Square Mesh Sleeves
No. 4 (4.75 mm)
95 to 100

No. 10 (2.00 mm)
90 to 100

No. 40 (0.420 mm)
70 to  95

No. 60 (0.250 mm)
40 to  80

No. 100 (0.149 mm)
 5 to  40

No. 200 (0.074 mm)
less than 5

2.
The structural backfill material may consist of either on-site granular material free of any sludge material, imported fill from sources secured by the Contractor or a blend of suitable on-site and imported fill material sat​isfying the requirements for structural backfill.

C.
Flowable Backfill
Flowable backfill shall be a ready-mixed material composed of cement, fly ash, fine aggregate and water to produce a flow​able mixture with a 28-day compressive strength between 50 and 100 psi that does not shrink.  Use materials as specified in Section 03300 and proportion them according to the follow​ing:


Pounds per

Component
Cubic Yard
Cement, Type I
50-100

Admixture (Fly Ash)
0-600

Fine Aggregate, 3/8", maximum
2,750

Water
500

The weights for fine aggregate and water may be adjusted to yield one cubic yard and to match the cementitious content.

D.
Backfill Material for Trenches
Select either backfill or structural backfill material for overexcavations.

1.
Materials for refilling overexcavations or subgrade shall meet the requirements for backfill and structural backfill.

2.
First Lift:  From the excavation grade to a level 12 inches above the top of the pipeline.  Use material meet​ing the requirements for backfill and exclude material with fragments larger than the following:



Fragment Size


Pipe Type
(Greatest Dimension-Inches)
Concrete, steel, cast or

ductile iron & corrugated metal
2

Vitrified clay
1-1/2

Plastic pipe
1

Cables
1/2

3.
Second Lift:  From the top of the First Lift to the ground surface.  Use material meeting the requirements for backfill.

E.
Water for Compaction
Water shall be free of acid, alkali, or organic materials and shall have a pH of 7.0 to 9.0.  Provide all water needed for earthwork.  Provide temporary piping, valves, and trucks to convey water from the source to the point of use.  Provide any meters required if the water is taken from a public water system.

Coordinate the use of all backfill and fill materials with a geotechnical engineer and modify to suit your particular project.

PART 3 - EXECUTION

A.
Dewatering
Modify paragraph as necessary.  Check with FDER or the local Water Management District for any special requirements.

1.
Provide and operate equipment adequate to keep excava​tions and trenches free of water.  Dewater subgrade to a minimum of 3 feet below the bottom of the excavation.  Remove water during periods when concrete is being deposited, when pipe and cable are being laid, during the placing of backfill, and for proper inspection and/or testing of the exposed sub​grade.  These provisions shall apply during the noon hour as well as overnight.  Do not drain trench water through the pipe and cable under con​struction.  Avoid settlement or damage to adjacent prop​erty.

2.
When dewatering open excavations, dewater from outside the structural limits and from a point below the bottom of the excavation.

3.
Obtain and comply with all required discharge permits from appropriate regulatory authorities.  Dispose of water in a manner that will not damage adjacent property or interfere with normal drainage.

B.
Excavation
1.
Excavate to the elevations shown on the drawings, to the bottom elevations of the slabs, structures, and founda​tions or the bottom of the roadway subbase (top of sub​base if only to be compacted), whichever is the lowest elevation.

2.
Perform all excavation regardless of the type, nature, or condition of the material encountered to accomplish the construction.  Excavate for foundations to a point at least 5 feet horizontally beyond the outside face of footings and base mats.

This paragraph is general in nature for all excavation.  The alternate paragraph below is for areas that we know contain unsuitable material.  Adjust the depths of excavation to conform to the soils report.


Alternate Paragraph:


After excavation has been completed and a test area of native soils has been compacted and tested, the Owner or his soil consultant will observe the exposed subgrade to determine the need for additional excavation.  It is intended that addi​tional excavation be conducted to remove unsuitable material, which prevents subgrade compaction as defined herein and replace it with [backfill] [or] [structural backfill].  The limit of said additional excavation, to be accomplished at the Contractor's expense, shall be within [4] [  ] feet of the bottom of the unsuitable material shown in the drawings or within [10] [  ] feet of the existing grade (whichever is the greater depth).  Construction required beyond these limits will be performed by change order on a "Cost of the Work" basis as defined under Paragraph 11.4 of the General Conditions.

3.
After the excavation has been completed, the Owner or his representative will observe the exposed subgrade to determine the need for any additional excavation beyond that specified above.  It is intended that additional excavation be conducted in all areas within the influence of the structure where unacceptable subgrade materials exist at the exposed subgrade.  Overexcavation shall include the removal of all such unacceptable material that exists directly beneath the hole or structure for part or the full width of the hole or structure and to a depth required to reach suitable foundation material.  Refill the overexcavated areas with structural backfill.  All such overexcavation and refilling for an unforeseen condition shall be executed in accordance with a change order.  Payment for overexcavation and refill shall be made in accordance with the General Conditions.

4.
No additional payment will be received for overexcavation or refill material used for convenience or which is not authorized by the Owner or his representative.

5.
Review and be aware of existing conditions and locate all structures and utilities within the project area in order to avoid conflicts.

6.
Protect any pipes, cables, mains, footings or other underground structures encountered in trenching/excavat-ing/backfilling from damage or displacement.  Replace any pipes, cables, mains, footings or other structures dis​turbed during construction.

7.
Contact all utility companies with underground utilities in the project area and obtain their assistance in locat​ing facilities prior to excavation.

8.
Excavate sufficiently in advance of pipe laying to dis​cover obstructions in time to modify alignment, if neces​sary, to avoid the obstruction.  The Owner or his repre​sentative must review such alignment modifications.

C.
Limits of Excavation for Placing Foundations
Excavate to the depths and widths specified, shown on the plans, or necessary to accomplish the construction.  Allow space for forms, working space, structural backfill, and site grading.  Do not carry excavation for footings and slabs deeper than the elevations shown on the plans.  Backfill overexcavations below the elevations shown to the proper ele​vation with compacted structural backfill material.  Correct cuts below grade by similarly cutting adjoining areas and creating a smooth transition.

D.
Preparation of Subgrade
1.
Excavate, shape and compact the subgrade to line, grade, and cross section.  Remove soft material encountered and replace with structural backfill.  Fill holes and depres​sions to the required line, grade, and cross sections with structural backfill.  The finished subgrade shall be within a tolerance of +0.02 feet of the grade and cross section shown, smooth and free from irregularities, and at the specified relative density.

This paragraph requires proof-rolling of the subgrade prior to backfilling.  If you do not want to proof-roll, it should be deleted.  Select the material to replace overexcavations.

2.
Proof roll the in-situ subsoils by surface rolling with a vibratory compactor that imparts a dynamic drum force of at least 35,000 pounds.  Each section of the subgrade shall be subjected to overlapping coverages of the com​pactor, with the compactor operated at its full vibra​tional frequency and a travel speed not more than 2 fps.  The rolling shall continue until no further settlement can be visually discerned at the subgrade surface.  However, in no case shall any section of the subgrade receive less than 25 overlapping coverages with the compactor.  Densification operations shall extend at least 5 feet beyond the toe of the embankment; 10 feet beyond the sides of the structures; or 10 feet beyond the edge of the pavement.  Make observations of the subgrade during the densification process for signs of weaving and/or pumping.  Should such conditions be observed, remove any compressible soils and replace with compacted structural backfill.

E.
Placing Fill or Backfill
1.
Remove loosened and disturbed materials at the subgrade.

2.
Remove form materials and trash before placing any fill or backfill.  Obtain the specified compressive strength and finish of concrete work before backfilling.

3.
Do not operate earthmoving or excavation equipment within 5 feet of existing structures or newly completed struc​tures.  Place and compact fill or backfill adjacent to concrete walls with hand-operated tampers or other equip​ment that will not damage the structure.

4.
Fill or backfill around water-holding basins and channels only after specified leakage tests have been conducted.

5.
Use material meeting the requirements for backfill and fill, and use structural backfill where shown on the drawings or specified.

F.
Trench Widths and Utility Bedding
1.
Cut trenches to a minimum width equal to the outside diameter of the pipe or cable at the joint plus eight inches for unsheeted trenches, or 12 inches for sheeted trenches.  The maximum width of trench, measured at the top of the pipe or cable, shall not exceed the outside pipe barrel or cable diameter plus two feet, unless otherwise shown on the drawings.

2.
Maintain vertical trench walls from the bottom of the trench to a line measured 12 inches above the top of the pipe or cable.

3.
Bedding:  The minimum bedding allowable shall consist of a shaped trench bottom which provides firm bedding for the pipe or cable.  Bed the pipe or cable in undisturbed firm soil of hand-shaped unyielding material, so that the pipe or cable will be in continuous contact therewith for its full length and provide a minimum bottom segment sup​port for the pipe or cable equal to 0.6 of the outside diameter of the barrel.

4.
Construct special bedding as called for on the drawings or in the contract documents.

5.
Excavate bell holes at each joint to permit proper assem​bly and inspection of the entire joint.

G.
Trench Grade
1.
Excavate and grade the trench to the lines and grades shown on the drawings with allowance for pipe and cable thickness and for pipe base or special bedding.  Remove hard spots that would prevent a uniform thickness of bedding.  Before laying each section of the pipe, check the grade with a straightedge and correct any irregulari​ties found.  The trench bottom shall form a continuous and uniform bearing and support for the pipe at every point between bell holes, except that the grade may be disturbed for the removal of lifting tackle.

2.
If the trench is excavated below the required grade, refill any part of the trench excavated below the grade at no additional cost to the Owner.  Place the refilling material over the full width of trench in compacted lay​ers not exceeding six inches deep to the established grade with allowance for the pipe base or special bedding.

H.
Trench Excavation in Backfill and Fill Areas
1.
Construct trench excavation for pipe(s) and cable(s) in backfill or fill areas in accordance with the following procedures:

a.
Construct and compact the backfill or fill to an ele​vation of one foot minimum over the top of the pipe or cable to be installed.

b.
Excavate trench in the compacted backfill or fill.  Place pipe cable base material, install pipe or cable, and backfill to 12 inches above the pipe or cable as specified.  Compact backfill above this point to the same relative density as the adjacent embankment.

I.
Trench Backfilling
1.
Place backfill material in maximum 12 inch lifts and com​pact each lift to the specified relative density.

2.
Backfill the trench in accordance with the following procedures:

a.
After pipe or cable has been bedded, place "First Lift" material simultaneously on both sides of the pipe or cable, keeping the level of backfill the same on each side.  Carefully place the material around the pipe or cable so that the barrel is completely supported and that no voids or uncompacted areas are left beneath the pipe or cable.

b.
Compact material placed within 12 inches of the outer surface of the pipe or cable by hand tamping only.

c.
Place "Second Lift" material and push the backfill material carefully onto the backfill previously placed in the "First Lift".  Do not permit free fall of the material until at least two feet of cover is provided over the top of the pipe or cable.  Do not drop sharp, heavy pieces of material directly onto the pipe, cable or the tamped material around the pipe or cable.

J.
Placing Flowable Backfill
1.
Produce and deliver flowable backfill using concrete con​struction equipment and place by chute or pumping.  Place without vibration or other means of compaction.  Do not place during rain or when the ambient temperature is below 40°F.  Take precautions during placement to not damage or move pipes installed in the trench.

Do not disturb the flowable backfill or open the area to traffic until it has attained a strength of 250 psi pene​tration resistance as measured by a handheld penetrome​ter.

2.
Flowable backfill may be used in place of backfill and shall be used when shown in the drawings.  When flowable backfill is placed under pavements, bring the top to within 2 inches of the surrounding surface and cover with 2 inches of asphaltic concrete to match the surrounding surface.  When flowable backfill is used in other areas, bring the top to with 12 inches of the surface and cover within 12 inches of backfill.

K.
Sidewalk, Pavement, and Curb Removal
Cut and remove bituminous and concrete pavements, curbs and sidewalks prior to excavation of the trenches.  Width of the pavement or brick pavement cut shall be at least one foot wider than the required width of the trench at ground surface.  Haul pavement and concrete materials from the site to disposal site secured by Contractor.  Do not use for trench backfill.

L.
Excavated Material
1.
During excavation, place the excavated material only within the project area.  Do not obstruct any roadways or streets.  Conform to federal, state, and local codes gov​erning the safe loading of trenches with excavated mate​rial.  Separate suitable and unsuitable material.

This paragraph tells the Contractor to remove unsuitable material from the site.  You must edit paragraphs 2 and 3 to state what the Contractor should do with excess suitable material.

2.
Remove excess, unsuitable or cleared material resulting from the facility installation from the work site and dispose of at locations secured by the Contractor.

3.
Stockpile excess suitable material on the site.

M.
Drainage, Erosion and Sedimentation
Maintain all existing drainage patterns and control run-off from the construction area to prevent erosion, sedimentation, or flooding due to the construction.

N.
Sheeting, Shoring, and Bracing of Trenches
1.
Install adequate sheeting, shoring and bracing to prevent damage to property and injury to persons.  Comply with all applicable safety regulations and laws.

2.
Remove sheeting when the trench has been backfilled to at least one-half its depth or when removal will not endan​ger proper pipe alignment or support.

3.
When conditions or plans and specifications require that sheeting be left in place, cut off the top at an eleva​tion 2.5 feet below finished grade, unless otherwise specified.

4.
When the performance of the Work requires the use of shoring, sheet piling, bracing and other special con​struction related to excavation, the Contractor shall cause the design of said shoring, sheet piling and other special construction to be performed by a registered pro​fessional engineer licensed in the State of Florida.  The Contractor shall submit, as a shop drawing, a certifica​tion by the registered engineer, stating that he has com​plied with this requirement.

Coordinate the required compaction with a geotechnical engineer.

O.
Compaction
1.
Unless otherwise specified or shown on the drawings, com​pact backfill and fill areas (except within trenches) to at least the following minimum compaction requirements:

a.
Structural Backfill:  95% relative density in 6-inch maximum layers.

b.
Subgrade Under Fill or Backfill:  90% relative den​sity to a depth of 12 inches.

c.
Subgrade Under Structural Backfill or Structures:  95% relative density to a depth of 24 inches.

d.
Backfill or Fill Under Pavement and Structures:  98% relative density in 9-inch maximum layers.

e.
All Other Areas:  95% relative density in 9-inch max​imum layers.

2.
Unless otherwise specified or shown on the drawings, com​pact soil in trenches to the following minimum compaction requirements:

a.
First Lift:  95% relative density.

b.
Second Lift not Under Pavement and Structures:  90% relative density.

c.
Second Lift Under Pavement and Structures:  98% rela​tive density.

d.
Refill for Overexcavation:  95% relative density.

3.
Compact the first 2 feet of backfill over pipe either by hand-operated tamping devices or with powered equipment which will not damage the pipe.  Flooding or puddling with water to consolidate backfill is not acceptable, except where sand is encountered and the specified den​sity can be obtained using this method.

4.
During the compacting operations, maintain material within +2% of optimum moisture.  Aerate material contain​ing excessive moisture by blading, discing, or harrowing to hasten the drying process.

P.
Site Grading
Perform earthwork to the lines and grades shown on the draw​ings.  Round tops of banks to circular curves to not less than a 6-foot radius.  Neatly and smoothly trim rounded sur​faces.  Shape the surface of earthwork and trenches to con​form to lines, grades and cross sections that existed prior to beginning work or as shown on the drawings, within 1/10 of a foot.

Check the requirements for an arbor or tree cutting permit.

Q.
Protection of Property
1.
Protect the trunks of trees adjacent to this work by enclosure with padding or wood.  Operate excavating machinery and cranes with care to prevent damage to trees, particularly to overhanging branches and limbs.

2.
Do not cut branches, limbs and roots unless they are within six inches of the facility under construction.  Make all necessary cuts smoothly and neatly without splitting or crushing.  Neatly trim and cover the tree with healing paint at all cut or damaged portions.

3.
Do not operate on paved surface any equipment with treads or wheels which will cut or otherwise damage paved surfaces.  Provide adequate protective measures to avoid damages to the paved surfaces.

4.
As promptly as practicable, restore existing property or structures.  Do not leave restoration until the end of the construction period.

R.
Testing
This paragraph does not specify who pays for testing.  Address that in the Supplementary Conditions.  Be sure the Supplementary Conditions specify who pays for an independent testing labora​tory.

1.
Field density tests will be made in locations reviewed by the Owner, normally in each vertical layer, and using the following approximate spacing:

Select areas for testing.

a.
Under structural berms, structures, pavements, and slabs, one per 2,500 square feet with at least two per structure or area.

b.
In trenches, one every 300 feet in continuous trenches under pavements or future pavements plus one at each intersection or one every 500 feet in contin​uous trenches not under pavements, plus one at each pavement or driveway crossing.

c.
In all other areas, one per 1,000 square feet.

2.
If any field density tests are below the specified rela​tive density, recompact or re-excavate, rebackfill and recompact the area until the specific density is obtained.  Make a minimum of two field density tests per recompacted and/or re-excavated area, but do not exceed the spacing specified above.

S.
Acceptance
After the specified density tests have been successfully completed, the Owner or his representative may cross section the excavation and/or fill area to verify that the excavation or fill area conforms to the lines and grades shown on the plans and to determine quantities of material.  Correct devi​ations from line and grade in excess of the tolerances speci​fied at no expense to the Owner.

END OF SECTION
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