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Use if recommended by Geotechnical Services. Please contact David Jang of Office of Geotechnical Design – South 1 at 916-227-5722 or the Geotechnical Services Engineer

who recommended this SSP regarding questions.

10‑1.__  GEOSYNTHETIC REINFORCED EMBANKMENT

This work shall consist of placing geosynthetic reinforcement between layers of compacted fill in accordance with the details shown on the plans, as specified in Section 19 "Earthwork," of the Standard Specifications and these special provisions. 

2 Add special instructions for the site in paragraph 2, 3, or develop new paragraphs as needed.  

Drainage system and other facilities shall be constructed in the geosynthetic reinforced embankment in conformance with the details shown on the plans and these special provisions.

Geosynthetic REINFORCEMENT 

3 

Only one type of geosynthetic reinforcement material shall be used for an entire embankment, except as shown on the plans.

4

Filter fabric, conforming to the provisions in Section 88, “Engineering Fabrics,” of the Standard Specifications, shall be placed in the geosynthetic reinforced embankment at the locations shown on the plans. 

5 Use paragraph 5, 6, or 7

Geosynthetic reinforcement materials shall consist of material designed for use in subsurface geotechnical slope reinforcement applications.  Geosynthetic reinforcement shall be configured as either a geogrid or geotextile.  Geogrid shall have a regular and defined open area.  Geogrid shall provide pullout resistance from the soil by a combination of soils shearing friction on the plane surfaces parallel to the direction of shearing and soils bearing on transverse grid surfaces normal to the direction of grid movement.  The percentage of the open area for geogrids shall range from 50 to 90 percent of the total projection of a section of the material.  Geotextiles shall have an irregular or regular open area with the spacing of open areas being less than 6.3 millimeters in any direction.  

6

Geosynthetic reinforcement material shall be designed for use in subsurface geotechnical slope reinforcement applications.  Geosynthetic reinforcement material shall be configured as a geogrid.  Geogrid shall have a regular and defined open area.  Geogrid shall provide pullout resistance from the soil by a combination of soils shearing friction on the plane surfaces parallel to the direction of shearing and soils bearing on transverse grid surfaces normal to the direction of grid movement.  The percentage of the open area for geogrids shall range from 50 to 90 percent of the total projection of a section of the material.  

7

Geosynthetic reinforcement material shall be designed for use in subsurface geotechnical slope reinforcement applications.  Geosynthetic reinforcement material shall be configured as geotextile material.  Geotextiles shall have an irregular or regular open area with the spacing of open areas being less than 6.3 millimeters in any direction.

8 Fill in the types of geosynthetic reinforcement as defined on the Plans on the following table.  

Material Properties

Geosynthetic reinforcement shall meet the following requirements:

A.
Geosynthetic reinforcement shall have Long Term Design Strength (LTDS) in the primary strength direction greater or equal to values shown on the plans or the following table:

	Geosynthetic Reinforcement Type
	LTDS (kN/m)

	
	

	
	


LTDS for geosynthetic reinforcement shall be determined by Standard Practice GRI GG4a for stiff geogrids and GRI GG4b for flexible geogrids, and GT7 for geotextiles, respectively.  These values shall be minimum average roll values in the machine direction.

B.
Reduction factors applied to the ultimate strength are determined in accordance with GRI GG4a, GRI GG4b, and GRI GT7. The product of the reduction factors of less than 1.30 is not allowed. The reduction factor for creep shall be determined for a 75-year design life as determined by GRI GG4a and GRI GG4b for geogrids and GRI GT7 for geotextiles.   

C.
In the absence of specific test data, the default values of reduction factors (installation damage, creep, chemical degradation, biological degradation, and joint) as indicated in the Standard Practice GRI GG4a and GRI GG4b and GRI GT7 shall be applied to the calculations of the LTDS.  

D.
Geosynthetic reinforcement material shall be resistant to naturally occurring alkaline and acidic soil conditions, and to attack by bacteria.

9

All test results used in the calculations of the LTDS shall be submitted to the Engineer no less than 15 working days prior to placement of the geosynthetic reinforcement.   The calculation shall itemize each reduction factors. Splice efficiency shall be accounted for in the calculations. All test results that contribute to the calculations of the LTDS shall be prepared and signed by a California-registered Civil Engineer.

10 

Geosynthetic reinforcement shall consist of high density polyethylene, polypropylene, high density polypropylene sheets, high tenacity polyester yarn, or polyaramide. 

11 Paragraphs 11, 12, 13, and14: Strike any paragraphs if material type is not allowed

Geosynthetic reinforcement consisting of high density polyethylene shall be manufactured from high density polyethylene (HDPE) which conforms to ASTM Designation: D 1248.  

12 

Geosynthetic reinforcement consisting of polypropylene or high-density polypropylene sheets shall meet the requirements of ASTM Designation:  D 4101, Group 1/Class1/Grade 2.
13

Geosynthetic reinforcement consisting of high tenacity polyester yarn shall be manufactured from high tenacity polyester yarn as determined by ASTM Designation:  D 629.  In addition to meeting the requirements for geosynthetic, geogrid shall be encapsulated in an acrylic latex, PVC, polymer or similar coating; shall be sheathed in polyethylene; or shall be polyvinyl chloride impregnated.  

14

Geosynthetic reinforcement consisting of polyaramide shall be manufactured from high tenacity polyester yarn as determined by ASTM Designation:  D 629.

15

A certificate of compliance shall be furnished to the Engineer in conformance with Section 6-1.07, “Certificate of Compliance,” of the Standard Specifications a minimum of one week prior to placement of geosynthetic reinforcement.  The Certificate of Compliance shall be prepared and signed by a representative of the manufacturer who is a California-registered Civil Engineer.

16 Edit or delete as needed.

Delivery, Handling, and Storage

Geosynthetic reinforcement shall be furnished in an appropriate protective cover which shall protect it from ultraviolet radiation and from abrasion during shipping and handling.

17 Edit or delete as needed.

The Contractor shall check products upon delivery to assure that the Geosynthetic reinforcement received is dry and undamaged. Each roll shall be labeled with the manufacturer’s name, production identification, roll dimensions, lot number, and date manufactured. 

18 Edit or delete as needed.

Geosynthetic reinforcement shall be handled and stored in accordance with the manufacturer’s recommendations.  

19 Edit or delete as needed.

Geosynthetic rolls shall be protected from construction equipment, chemicals, sparks and flames, temperatures in excess of 70oC (160oF), and any other environmental conditions that may degrade physical properties. To prevent geosynthetic material from being saturated, if stored outdoors, the rolls shall be elevated from the ground surface or placed on a sacrificial sheet of plastic in an area where water will not accumulate. Geogrids, except for extruded grids, shall be protected with an opaque waterproof cover.

20 

EMBANKMENT BACKFILL

The material shall be free from organic material and substantially free from shale or other soft, poor durability particles; shall not contain recycled materials, such as glass, shredded tires, Portland cement concrete rubble, asphaltic concrete rubble, or other unsuitable materials as determined by the Engineer; and shall conform to the following requirements:

	PROPERTY


	VALUE
	CA TEST NO.

	Sieve Size, mm
	Percent Passing
	202

	37.5
	100
	202

	19
	70-100
	202

	4.75
	20-70
	202

	0.42
	0-60
	202

	0.075
	0-25
	202

	
	
	

	Quality Requirements

	Test
	Operating 
	

	Sand Equivalent
	10 min
	217

	Plasticity Index
	10 max
	204

	pH
	5 to 9
	643


21 Edit or delete as needed

CONSTRUCTION

Subgrade Preparation

The Contractor shall prepare the grade that is to receive the layers of geosynthetic reinforcement to the compaction and elevation tolerances described in the Standard Specifications under Section 19-2.05, "Slopes," and these special provisions.  The grade shall be smooth and free of loose or extraneous material and objects that may damage the geosynthetic reinforcement during installation.  Relative compaction of not less than 95 percent shall be obtained in the embankment foundation for a minimum depth of 0.15 meters.  

22 Edit or delete as needed

Geosynthetic Reinforcement Placement

Geosynthetic reinforcement shall be handled and placed in accordance with the manufacturer's recommendations and these special provisions.  The geosynthetic reinforcement shall be placed wrinkle free, pulled taut, aligned, and secured before backfill placement to prevent the displacement during placement and compaction of fill.  

23 Edit or delete as needed

The geosynthetic reinforcement material shall be placed with the direction of maximum strength perpendicular to the slope alignment.  The Contractor shall verify correct orientation of the geosynthetic reinforcement. Each layer of geosynthetic reinforcement shall be placed onto the embankment material to form a continuous mat.  Adjacent strips of geosynthetic reinforcement placed in this manner need not be overlapped.  

24 Edit or delete as needed

Geosynthetic reinforcement shall be placed at the intervals, elevations, and for the minimum embedment length shown on the plans.  Each layer of geosynthetic reinforcement shall not vary more than 0.15 meter from the theoretical horizontal plane established for that layer for the entire width and length of the reinforcement. All reinforcement shall be 100 percent covered by soil so that reinforcement panels do not contact in overlaps. Geosynthetic reinforcement shall be placed and covered with backfill in the same work shift. 

25 Edit or delete as needed

During spreading and compacting of the backfill, a minimum fill thickness of 0.15m is required prior to operation of vehicles over the reinforcement. Sudden braking and sharp turning shall be avoided. Construction equipment shall not be operated or driven directly on the reinforcement. 

26 

During spreading and compacting of the backfill, at the option of the Engineer, rubber tired vehicles may be driven directly on the material, provided that such traffic is part of the placement operation, that the amount of traffic repetitions is minimized, that speeds of 6 mph or less are maintained, that turning or stopping movements of the vehicle are minimized, and no damage or displacement to the reinforcement is observed.  

27

Geosynthetic reinforcement shall not extend into the pavement structural section.

28 Edit or delete as needed.  

At locations where guard railing posts will be placed at the top crest of the geosynthetic reinforced embankment and the geosynthetic reinforcement would interfere with placement of such posts, prior to backfilling the Contractor shall be allowed to precut the reinforcement material of the affected layers into a cross-shaped pattern to aid the later placement of the guard railing posts.  The dimensions of the precutting shall not exceed the post dimensions by more than 750 millimeters.  

29

Each layer of geosynthetic reinforcement  shall be placed (unrolled) into the grade to form a continuous mat.  A minimum of 75 mm of compacted fill material shall be required between geosynthetic reinforcement layers, unless shown otherwise on the plans. 

30 Edit or delete as appropriate. 

For geotextiles, no splicing joints parallel to slope alignment shall be allowed. Geogrid reinforcement may be joined with mechanical connectors in accordance with Manufactures’ recommendations.  Joints shall not be placed vertically within 2 meters of the slope face, within 2 meters of the slope top, nor horizontally or vertically adjacent (within 1.2 meters) to another joint.  Only one joint per length of geogrid shall be allowed.  The joint shall be made for the full width of the strip by using a similar material with similar strength, and using a connection device supplied or recommended by the manufacturer.  Joints in geogrid shall be pulled and held taut during backfill placement.  

31 Edit or delete as needed.

If the geosynthetic reinforcement is damaged during construction operations, the damaged sections shall be repaired, at the Contractor’s expense, by placing additional geosynthetic reinforcement to cover the damaged area and to meet the following overlap requirements:

A. Edges of geogrid perpendicular to slope alignment shall be overlapped for entire lengths by the smaller of: six aperture openings or 0.20 meters.  Edges of geogrid parallel to slope alignment shall be joined using a mechanical connection described elsewhere in these special provisions.  

B. Edges of geotextiles shall be overlapped a minimum of 0.5 meters on all sides.

32 Edit lift thickness and relative compaction to meet project requirements.

Fill Placement

Reinforced fill shall be placed from the slope face back toward the fill area to ensure that the reinforcement remains taut. The maximum loose thickness of each lift of embankment material shall not exceed 0.3 meters and shall be compacted to 90% Relative Compaction.

At locations where compaction is accomplished with hand-operated equipment, fill shall be placed in horizontal layers not more than 0.15 m in uncompacted thickness. Only hand-operated equipment shall be allowed within 1 m of the front limit of geosynthetic reinforcement and underground structures.

33 Edit or delete as needed.

Control of moisture in the fill shall be maintained to provide acceptable compaction. Disking and plowing will not be allowed in the reinforced zone. 

34 

MEASUREMENT AND PAYMENT

Geosynthetic Reinforcement will be measured and paid for by the square meter for the total area of geosynthetic reinforcement as shown on the plans and for any additional area as directed by the Engineer.  Payment shall not include additional reinforcement required for overlaps. The contract price paid per square meter of geosynthetic reinforcement shall include full compensation for furnishing all labor and materials, including tools and equipment, and incidentals, for developing, placing and compacting native and/or imported embankment backfill, and for doing all the work involved in placing the geosynthetic reinforcement layers complete and in place, including splicing, overlapping and anchoring as shown on the plans, as specified in the Standard Specifications and these special provisions, and as directed by the Engineer.  

35 Delete paragraph if Embankment Fill (Geosynthetic Reinforced Embankment) is not included as a payment item.

Embankment Fill (Geosynthetic Reinforced Embankment) will be measured and paid for by the cubic meter.  The contract price paid per cubic meter for Embankment Fill (Geosynthetic Reinforced Embankment) shall include full compensation for furnishing all labor, materials, tools, equipment, and incidentals, and for doing all the work involved in obtaining and placing the imported borrow, complete in place, as shown on the plans, as specified in the Standard Specifications and these special provisions, and as directed by the Engineer.

36 Edit or delete as needed.  

Full compensation for revisions to drainage systems or other facilities made necessary by the use of an alternative geosynthetic embankment material shall be considered as included in the contract price paid per square meter for geosynthetic embankment reinforcement and no adjustment in compensation will be made therefore.

