CS-UT-23


CONSTRUCTION SPECIFICATION
CS-UT-23  EARTHFILL

1
SCOPE
The work consists of the construction of earth embankments, other earthfills, and earth backfills required by the drawings and specifications.

Earthfill is composed of natural earth materials that can be placed and compacted by construction equipment operated in a conventional manner.

Structural Earth backfill is composed of natural earth material placed and compacted in confined spaces or adjacent to structures (including pipes) by hand tamping, manually directed power tampers or vibrating plates, or their equivalent.
Unsuitable material is composed of sod brush, roots, woody and vegetative materials, concrete rubble, frozen soil, perishable material or any other material not suitable as earthfill. 
2
MATERIALS
All fill material shall be obtained from required excavations and designated borrow areas. The selection, blending, routing, and disposition of material in the various fills shall be subject to approval by the technical representative.

Rock particles larger than the maximum size specified for each type of fill shall be removed prior to compaction of the fill.

The types of material used in the various fills shall be as listed and described in the specifications and drawings.

3
FOUNDATION PREPARATION
The foundation area shall be cleared of trees, stumps, roots, brush, rubbish, and stones having a maximum dimension greater than six (6) inches. Foundations shall be stripped to remove vegetation and other unsuitable materials or to the depth shown on the drawings, whichever is greater. Topsoil shall be stripped from the foundation area and stockpiled for use as a top dressing for vegetation establishment unless otherwise shown on the drawings. 

Earth foundations shall be graded to remove surface irregularities and slopes steeper than 1:1. 

Foundation soils shall be free of loose, uncompacted earth in excess of 2 inches in depth and shall be at a moisture content such that the earthfill can be compacted and bonded with the first layer as specified for subsequent layers of earthfill.  Foundation soils shall be free of standing water prior to earthfill being placed upon them. 

4
PLACEMENT
Fill shall not be placed until the required excavation and preparation of the underlying foundation soils is completed and inspected by the technical representative. No fill shall be placed upon or incorporated with unsuitable material. 

Fill shall be placed in approximately horizontal layers beginning at the lowest elevation of the foundation. The thickness of each layer of fill prior to compaction shall be as specified in Table 1. Materials placed by dumping in piles or windrows shall be spread uniformly to not more than the specified layer thickness prior to compaction. 

Structural earth backfill shall be placed in a manner that prevents damage to the structures and allows the structures to assume the loads from the earth backfill gradually and uniformly. The height of the earth backfill adjacent to a structure shall be increased at approximately the same rate on all sides of the structure.

For Concrete structures, placement of structural earth backfill may begin after the concrete has cured for the minimum time specified in CS-UT-31, Concrete for Minor Structures. 

Earthfill in dams, levees, and other structures designed to impound water shall be placed to meet the following additional requirements: 

a. The distribution of materials throughout each zone shall be essentially uniform, and the fill shall be free from lenses, pockets, streaks, or layers of material differing substantially in texture, moisture content, or gradation from the surrounding material. 

b. The embankment top shall be maintained approximately level during construction except for sectional construction as approved by the technical representative or as shown on construction drawings. 

c. Dam embankments shall be constructed in continuous layers from abutment to abutment, except where openings to facilitate construction or to allow passage of stream flow during construction are specified. 

d. If the surface of any layer becomes too hard and smooth to achieve a suitable bond with the succeeding layer, it shall be scarified parallel to the axis of the fill to a depth of not less than 2 inches before the next layer is placed. 
5
MOISTURE CONTENT AND COMPACTION
In all cases: 

The application of water to the earthfill material shall be accomplished at the borrow areas insofar as practicable. Water may be applied by sprinkling the material after placement on the earthfill, if necessary. Uniform moisture distribution shall be obtained by disking.

Material that is too wet when deposited on the earthfill shall either be removed or be dried to the specified moisture content prior to compaction.

If the top surface of the preceding layer of compacted earthfill or a foundation or abutment surface in the zone of contact with the earthfill becomes too dry to permit suitable bond, it shall either be removed or scarified and moistened by sprinkling to acceptable moisture content before placement of the next layer of earthfill.

Earthfill placed at densities lower than the specified minimum density or at moisture contents outside the specified acceptable range of moisture content, shall be reworked to meet the requirements or removed and replaced by acceptable earthfill. The replacement earthfill and the foundation, abutment, and earthfill surfaces upon which it is placed shall conform to all requirements of this specification for foundation preparation, approval, placement, moisture control, and compaction.  Contractor is responsible for all additional costs, time and materials associated with reworking placed earthfill. 

During the course of the work, the technical representative may perform quality assurance tests to identify material; determine compaction characteristics; determine moisture content; and determine density of earthfill in place. Tests performed by the technical representative will be used to verify that the earthfill conforms to compaction and moisture requirements, and is not as a replacement for the contractor's quality control system.
Earthfill - Earthfill shall be compacted and with appropriate moisture according to the following requirements for the class of earthfill specified on drawings:
Class A—Each layer of earthfill shall be compacted, as necessary, to provide the density of the earthfill not less than the minimum density specified on the construction drawings or as specified below.   
· The compacted fill shall have a minimum density of 90% of the standard proctor maximum dry density as determined by ASTM D698, “Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort,” or of that specified on the drawings.  The in-place density of the compacted fill shall be determined using any of the following test procedures ASTM D1556 “Density and Unit Weight of Soil in Place by the Sand-Cone Method”, D2167 “Density and Unit Weight of Soil in Place by the Rubber Balloon Method”, D2937 “Density of Soil in Place by the Drive-Cylinder Method”, and D6938 “In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth).”

·  Moisture content for the compacted earthfill shall be determined by one of the following methods: ASTM D-2216 “Standard Test Methods for Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass”, D-6938 “In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth)”, D-4643 “Determination of Water (Moisture) Content of Soil by Microwave Oven Heating”, D-4944 “Field Determination of Water (Moisture) Content of Soil by the Calcium Carbide Gas Pressure Tester”, or D-4959 “Determination of Water (Moisture) Content of Soil by Direct Heating.”  Acceptable moisture content shall be within the range of +/- 2% of the optimum moisture as determined using ASTM D-698, or as specified on the drawings.  

· The contractor shall provide a quality control system to verify that placed earthfill has achieved adequate compaction and moisture content, per laboratory test data.  As a minimum, the quality control system shall included one (1) field test for every lift of earthfill or 300 cubic yards placed.   The contractor is responsible for obtaining and testing soil samples for determination of standard proctor maximum dry density and optimum moisture content of soil to be used as fill.

Class C— Each layer of earthfill shall be compacted by the specified number of passes of the type and weight of roller or other equipment specified in Table 1 or by an approved equivalent method.  Each pass shall consist of, at least one complete coverage by the wheel, track, or roller over the entire surface of the fill layer in a direction parallel to the main axis of the fill.
· Fill materials shall have a moisture content sufficient to insure the required compaction. When kneaded in the hand, the soil will form a ball which does not readily separate and will not extrude out of the hand when squeezed tightly. The adequacy of the moisture content will be determined by the technical representative.
Class S— Earth backfill adjacent to structures shall be compacted to a density equivalent to that of the surrounding in place earth material or adjacent required earthfill or earth backfill. Compaction shall be accomplished by hand tamping or manually directed power tampers, plate vibrators, walk-behind, miniature, or self-propelled rollers. Unless otherwise specified heavy equipment including backhoe mounted power tampers or vibrating compactors and manually directed vibrating rollers shall not be operated within 2 feet of any structure.  Towed or self-propelled vibrating rollers shall not be operated within 5 feet of any structure. Compaction by means of drop weights operating from a crane or hoist is not permitted.
· Testing shall follow Class A compaction, moisture and quality control requirements as stated above.
· Compacting of earth backfill adjacent to structures shall not begin until the concrete has attained the specified strength, as determined by testing of casted concrete cylinders, by direction of the technical representative or the following:
Structure
Time interval

 (days)

Vertical or near-vertical walls with earth loading on one side only
14

Walls backfilled on both sides simultaneously
7

Conduits and spillway risers, cast-in-place (with inside forms in place)
7

Conduits and spillway risers, cast-in-place (inside forms removed)
14

Conduits, pre-cast, cradled
2

Conduits, pre-cast, bedded
1

Cantilever outlet bents (backfilled both sides simultaneously)
3

Class U— Earthfill that is made of excess or unsuitable material from the project site shall be spread in adjacent fields or removed burned and buried.  Buried material will be at least 3 feet below the natural ground surface and the finished surface of the burial area will blend in with surrounding topography.  Disposal areas shall be those shown on construction drawings or directed by the technical representative.
6 MEASUREMENT AND PAYMENT
For items of work for which specific unit prices are established in the contract, the volume of each type and compaction class of earthfill and earth backfill within the specified zone boundaries and pay limits is measured and computed to the nearest cubic yard.  No deduction in volume is made for embedded items, such as, but not limited to, conduits, inlet structures, outlet structures, embankment drains, sand diaphragm and outlet, and their appurtenances.

Payment for each type and compaction class of earthfill and earth backfill is made at the contract unit price for that type and compaction class of earthfill.  Such payment will constitute full compensation for all labor, material, furnishing, transporting, equipment, water application, and all other items necessary and incidental to the performance of the work.
7 ITEMS OF WORK AND CONSTRUCTION DETAILS
	Table 1 – Equipment Compaction Requirements 

	Equipment Type
	Applicable Soils1
	Layer Thickness2
(inches)
	Minimum Passes3

	Sheepsfoot roller 
(10,000 lb. min. operating weight)
	ML, MH, CL, CH
or
SM, SC, GM, GC 
with >20% fines
	9
	Walked out4

	Vibratory tamping roller (9,000 lb. min operating weight)
	SM, SC, GM, GC
	9
	3

	Rubber-tired scraper (fully loaded)
	GM, GC, SM, SC, 
ML, MH, CL, CH
	9
	1

	Rubber-tired front end loader (fully loaded)
	GM, GC, SM, SC, 
ML, MH, CL, CH
	6
	1

	Track-type crawler (standard tracks)
	GM, GC,
	6
	2

	30,000 lb. min.
	SP, SW, GP, GW
	12
	4

	
	CL, ML, SC, SM
	6
	4

	Less than 30,000 lb.
	GW, GC, GP, GW, 
SM, SC, SP, SW, 
ML, CL
	6
	4

	Steel drum Vibratory roller 
(10,000 lb. min.)
	SP, SW, GP, GW
	12
	4


1 Unified Soil Classification System
2 Prior to Compaction

3 The technical representative shall determine if adequate compaction is being achieved.  Additional passes may be required.

4 Walked Out – refers to compaction effort achieved when the sheepsfoot tooth no longer penetrates the fill layer.
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