
SECTION 02200

EARTHWORK

PART 1
GENERAL

1.1
SCOPE OF WORK

A.
Earthwork, excavation, fill placement and grading to required lines, dimensions, contours and elevations for proposed improvements.

B.
Scarifying, compaction, moisture content control and removal of unsuitable material to ensure proper preparation of areas for the proposed improvements.

1.2
RELATED SECTIONS AND DOCUMENTS
A. Section 02005 – Protection of Existing Utilities

B. Section 02020 – Soil Erosion and Sediment Control
1.3
REFERENCE STANDARDS

A.
ASTM International - latest edition

1.
ASTM Standard D422, “Standard Test Method for Particle Size Analysis of Soils,” ASTM International West Conshohocken, PA, www.astm.org.

2.
ASTM Standard D698, “Standard Test Methods for Laboratory Compaction Characteristics of Soils using Standard Effort (12,400 ft-lb/ft3 (600 kN-m/m3)),” ASTM International, West Conshohocken, PA, www.astm.org.

3.
ASTM Standard D1557 “Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Modified Effort (56,000 ft-lbf/ft3 (2,700kN-m/m3)),” ASTM International, West Conshohocken, PA, www.astm.org.

4.
ASTM Standard D2216 “Standard Test Methods for Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass,” ASTM International, West Conshohocken, PA, www.astm.org.

5.
ASTM Standard D2487 “Standard Practice for Classification of Soils for Engineering Purposes (Unified Soil Classification System),” ASTM International, West Conshohocken, PA, www.astm.org.

6.
ASTM Standard D4253 “Standard Test Methods for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table,” ASTM International, West Conshohocken, PA, www.astm.org.

7.
ASTM Standard D4254 “Standard Test Methods for Minimum Index Density and Unit Weight of Soils and Calculation of Relative Density,” ASTM International, West Conshohocken, PA, www.astm.org.

8.
ASTM Standard D4318 “Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils,” ASTM International, West Conshohocken, PA, www.astm.org.

9.
ASTM Standard D6938 “Standard Test Method for In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth),” ASTM International, West Conshohocken, PA, www.astm.org.

1.4
QUALITY ASSURANCE

A.
The Contractor shall provide at least one supervisory person who shall be present at all times during execution of the work and who is thoroughly familiar with the type of work being performed and its best methods for completion. This person shall have the authority act on behalf of the Contractor.

B.
The Contractor shall comply with any provisions of all applicable codes, regulations and standards.

C.
A Geotechnical Engineer, selected and paid by the Owner, shall be retained to perform construction inspection on site based on field testing, visual observation, and judgment.  This inspection will not relieve the Contractor from his responsibility to complete the work in accordance with the plans, specifications and recommendations presented in the geotechnical engineering study.

D. Visual field confirmation and density testing of subgrade preparation and fill placement procedures shall be performed by the field Geotechnical Engineer as part of the construction testing requirements.

E.
The Geotechnical Engineer shall prepare field reports that indicate compaction test location, elevation data, testing results and acceptability.  The Owner, Architect, and Contractor shall be provided with copies of reports within 96 hours of time test was performed.

F.
All costs related to re-inspection due to failures shall be paid for by the Contractor at no additional expense to Owner.  The Owner reserves the right to direct any inspection that is deemed necessary.  Contractor shall provide free access to site for inspection activities.

1.5
SUBMITTALS

A.
Within ten days after award of the contract, the Contractor shall submit to the Owner and Engineer a schedule detailing the sequence, and time of completion of all phases of work under this section.

B.
At least two weeks in advance of imported fill use, the Contractor shall submit either the following laboratory test data or a 50-pound soil sample to the Geotechnical Engineer for each type of imported soil/gravel material to be used as compacted fill.

1.
Moisture and Density Relationship:  ASTM D1557.

2.
Mechanical Analysis:  ASTM D422

3.
Plasticity Index:  ASTM D 4318

C.
Together with the above test data, the Contractor shall submit a 5-pound sample of each type of off‑site fill material in an air tight container for the approval of the Geotechnical Engineer.

C. Submit the name of each material supplier and specific type and source of each material.  The intended use of each material submitted shall be clearly identified on the Contractor submittal record (i.e. structural fill for building pads, drainage fill for site, general fill for landscaping, etc.). Any change in source or soil type throughout the job requires approval of the Owner and the Geotechnical Engineer.
1.6
ENVIRONMENTAL CONSIDERATIONS

A.
Install erosion control measures in the sequence shown on the plans or as directed by either the engineer or regulatory agencies to protect adjacent properties and water resources from erosion and sediment damage.  Erosion and control measures shall also comply with both the technical specifications and the Construction Drawings.

PART 2
PRODUCTS

2.1
MATERIALS

A.
On-site fill

1.
On-site materials for use as fill may consist of excavated soil from other portions of the site. Refer to the geotechnical engineering study for appropriate uses of on-site materials for fill during construction.

2.
Excavated material containing rock or stone greater than 4 inches in largest dimension is unacceptable as fill within the proposed building area.

3.
Rock or stone greater than 2 inches in its largest dimension may be mixed with suitable material and used as fill up to 2 feet below beneath the proposed pavement subgrade elevation at the discretion of the Geotechnical Engineer. The fill must be mixed, placed and compacted such that voids will be minimized. All structural fill placed in the final 2 feet of building pads and roadways shall not contain any materials larger than 2 inches in its largest dimension. 

4.
Particle-size distribution, maximum dry density, plasticity index, and optimum water content soils' laboratory testing should be made on representative samples of all onsite materials proposed for use as structural, drainage and general fill onsite by the Contractor. All onsite fill is subject to inspection and approval by the on-site geotechnical engineer prior to reuse onsite. Components of the native soils deemed unsuitable by the on-site geotechnical engineer should only be used as directed by the geotechnical engineer.

5.
Rock may be broken and/or crushed on-site to meet the above size requirements.  

6.
Prior to placement, on-site fill shall not contain:

a.
Debris other than crushed concrete and brick meeting the above requirements.

b.
Timber or Railroad Ties.

c.
Organic Soils.

d.
Hazardous substances, pollutants, and contaminants.

e.
Other deleterious materials such as steel rails, rebar, trash, etc.

7.
Unsuitable and deleterious materials and debris shall be disposed of off-site in accordance with all applicable regulations, at no cost to the Owner.

B.
Off-site imported fill

1.
If necessary, off-site fill shall be obtained and provided by the Contractor.  Particle-size distribution, maximum dry density, plasticity index, and optimum water content soils' laboratory testing should be made on representative samples of all imported fill materials proposed by the Contractor.  The Contractor should provide the Owner with proper certification that all imported fill is environmentally clean in accordance with appropriate and applicable local, state, and Federal statutes.  

2.
Material imported for use as "structural fill" should consist of a well-graded sand and/or gravel having less than 15% by dry weight passing the No. 200 sieve, have a maximum particle size of 2 inches, and be free of clay clods, organic materials, waste debris, or other deleterious material.  

3.
Materials imported for use as "general fill" should be granular soils with less than 25% by dry weight passing the No. 200 sieve, have a maximum particle size of 4 inches, and be free of clay clods, organic materials, waste debris, or other deleterious material.

4.
"Drainage fill" should consist of clean ¾-inch crushed stone and be free of other deleterious materials. Excavated rock which has been crushed and processed on-site is not permitted for use as drainage fill. 

5.
A sample of any off-site fill material shall be provided to the Owner or his representative along with laboratory testing results and the Contractor shall obtain approval prior to moving material on-site.

6.
Imported fill shall be free of all hazardous substances as listed by the Pennsylvania Department of Environmental Protection.  Certification of compliance and, if requested, test results substantiating compliance shall be furnished to the Owner and Geotechnical Engineer by the Contractor not less than one week prior to its intended use.

7.
The Owner reserves the right to test off-site imported fill material for conformance with these specifications.

C.
Topsoil fill as specified in Section 02920 –Soil Preparation and Mixes.

2.2
EQUIPMENT

A.
Compactor - Minimum 5 ton static drum weight vibratory roller (Hypac C830C, Caterpillar CS-54, Bomag BW177D-40, or approved equal).

B.
Compactor – Smaller compaction equipment may be used where access or maneuverability is limited. However, the loose lift thickness of the fill must be reduced commensurate to the type and size of the compactor. The final lift thickness shall be determined by the on-site geotechnical engineer.

PART 3
EXECUTION

3.1
PREPARATION

A.
Prior to all work of this section, the Contractor shall become thoroughly familiar with the site, site conditions, and all portions of the work falling within this section.

B.
The Contractor shall refer to the soil erosion and sediment control plans for staging of earthwork operations and for erosion control measures to be implemented prior to commencement of earthwork.

C.
Identify existing utilities that are to remain and protect them from damage.

D.
Notify utility companies to permit removal and/or relocation of any utilities that are in conflict with the proposed improvements.

E.
Protect fences, structures, sidewalks, paving, curbs, etc. to remain from equipment and vehicular traffic.

F.
Protect benchmarks, property corners and all other survey monuments from damage.  If a marker needs to be relocated it shall be referenced by a licensed land surveyor and replaced, as necessary, by the same licensed land surveyor at no additional cost to the Owner.

G.
Remove from the site, material encountered in grading operations that, in opinion of Owner or Owners Site/Civil Engineer, is unsuitable or undesirable for backfilling in subgrade or foundation purposes.  Dispose of in a manner satisfactory to Owner and in accordance with all applicable regulations. Backfill areas with layers of suitable material and compact as specified.

3.2
GENERAL

A.
Identify required lines, levels, contours and datum to bring site grades to the proposed subgrade conditions indicated on the drawings.

B.
Do not allow or cause any of the work performed or installed to be covered by work of this section prior to all inspections, tests and approvals.

C.
By submitting his bid, the Contractor represents that he has reviewed the information provided and investigated the site to determine type, quantity, quality, and character of excavation work to be performed.  All excavation shall be considered unclassified excavation.

D.
Perform excavation using capable, well maintained machinery and equipment using methods acceptable to the Owner and governing agencies.

E.
The Contractor shall provide adequate soil moisture to properly compact the soil. This may require either adding moisture if the soil is deficient or discing the soil if moisture is excessive.

F.
Protect persons and property from damage and discomfort caused by dust. Water as necessary to subdue dust.

G.
Allow no debris to accumulate on-site. Haul debris away from the site and dispose of at no cost to the Owner.

H.
Dispose of excess earth material from the site at no cost to the Owner.

3.3
COMPACTION OF SUBGRADE SURFACES

A.
All existing grades below building areas shall be proof-rolled and compacted with a minimum of 2 passes using a fully-loaded tri-axle dump truck with a carrying capacity of 12 to 15 cubic yards roller prior to placement of any subgrade fill, concrete footings, or slab-on-grade.  Existing areas which exhibit "pumping" or "rutting" under the action of the dump truck shall be removed and replaced with suitable fill material, as directed by the Geotechnical Engineer.

B.
Prior to preparing the subgrade in low-lying areas or deep excavations, perform the following procedures:

1.
Drain standing water by gravity or with a pump. Drainage using wells/well points may be required where the water table is high.  Water should not be discharged directly to a storm drain system.

2.
After drainage of low area is complete, remove muck, mud, debris, and other unsuitable material using equipment and methods that will minimize disturbance to the underlying soils.

3.
Thoroughly compact subgrade as described above.

4.
If proposed for re-use as on-site fill, all muck, mud and other materials removed from above low areas shall be dried on‑site by spreading in thin layers for observation by Owner or Owner's representative. Material shall be inspected and, if found to be suitable for use as fill material, shall be incorporated into lowest elevation of site filling operation, but not under the building area, within 30 feet of the perimeter of the building pad, or within 3 feet of the paving subgrade elevation.  If, after observation by Owner or Site/Civil Engineer, material is found to be unsuitable, it shall be removed from the site at no cost to the Owner.

3.4
FILL PLACEMENT AND COMPACTION

A.
No fill materials shall be placed during unfavorable weather conditions. When work is interrupted by heavy rains, fill operations shall not be resumed until all saturated surficial soils are returned to a satisfactory moisture content as determined by the Geotechnical Engineer.

B.
Place and compact approved fill materials in 12-inch thick maximum loose lifts using a minimum of 6 passes with the previously specified 5-ton static drum weight compactor and achieve the minimum in-place density specified above. Smaller compaction equipment, together with thinner lifts, may be necessary at areas of limited maneuverability. 

C. 
Visual confirmation of fill quality, lift thickness and compaction procedures, together with in-place density testing, shall determine the acceptability of fill.  Any unsatisfactory material or soft areas exhibiting excessive weaving shall be immediately removed, replaced and re-compacted as stated above to the satisfaction of the Geotechnical Engineer.

D.
No fill material shall be placed in areas that have not been approved by the Geotechnical Engineer.

3.5
MAINTENANCE OF SUBGRADE

A.
Finished subgrades shall be verified by the Contractor to ensure proper elevation and conditions for construction above subgrade. Grade lawns, walks, and unpaved subgrades to tolerances of plus or minus 1 inch and pavements to plus or minus ½ inch.

B.
Protect subgrade from excessive construction traffic and wheel loading. Protect subgrade from unfavorable weather such as precipitation or cold temperatures that will soften or freeze subgrades.

C.
Remove areas of finished subgrade judged to be unsatisfactory to the depth necessary and replace in a manner that will comply with compaction requirements by use of material equal to or better than the best subgrade material on site. Surface of subgrade after compaction shall be hard, uniform, smooth, stable, and true to grade and cross‑section. See section 02920 Soil Preparation and Mixes for subgrade scarifying requirements in planting areas 
3.6
FINISH GRADING

A.
For setting and establishing finish elevations and lines, the Contractor will secure the services of a licensed land surveyor acceptable to the Owner and Engineer.

B.
Provide elevation grade stakes and any other surveying necessary for the layout of the work. The Contractor shall conduct his work in such a manner that survey stakes will be protected as long as their need exists. Grade stakes, which are damaged or stolen, shall be replaced by the Contractor's surveyor at the Contractor's expense.

C.
Graded areas shall be uniform, hard and smooth, free from rock, debris, or irregular surface changes. Finished subgrade surface shall not be more than ½-inch above or below the design finished subgrade elevation; any deviation shall not result in changes in drainage areas or ponding. All ground surfaces shall vary uniformly between indicated elevations. Finish drainage ditches shall be graded to allow for proper drainage without ponding and in a manner that will minimize the potential for erosion.

D.
Areas having drainage slopes of one-quarter inch per foot or more shall have grade stakes, set with an instrument, at grid intervals of fifty (50) feet.

E.
Areas having drainage slopes of one-quarter inch per foot or less shall have grade stakes, set with an instrument, at grid intervals of twenty-five (25) feet.

F.
Correct all settlement and eroded areas for one year after date of project completion at no additional expense to Owner. Bring paved and landscaped areas to proper elevation. Replant or replace any grass, shrubs, bushes, or other vegetation disturbed by construction using corrective measures.

END OF SECTION 02200
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