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10‑1.--  SEGMENTAL  RETAINING WALL

Segmental Retaining Wall shall consist of placing dry stacked concrete units (segmental retaining wall units) in conjunction with a mass of retained soil stabilized by horizontal layer of geogrid reinforcement material (geogrid) between layers of local borrow and/or imported borrow in accordance with the details shown on the plans, and as specified in Section 19 “Earthwork” of the Standard Specifications and these special provisions, and as directed by the Engineer.

SEGMENTAL RETAINING WALL (SRW) UNITS.-- SRW units shall be machined-formed concrete blocks specifically designed for retaining wall applications.

A. SRW units shall meet the following architectural requirements:

1. Color of units shall be tan.

2. Finish of units shall be split-faced.

3. Units shall be erected with a running bond configuration.

4. All units shall be sound and free of cracks or other defects that would interfere with the proper placing of the unit or significantly impair the strength or performance of the construction.  Cracking or excessive chipping may be grounds for rejection.

B. SRW units shall meet the following structural requirements:

1. Concrete used to manufacture SRW units shall have a minimum 28-day compressive strength of 20.7 MPa in accordance with ASTM C90.  The concrete shall have adequate freeze/thaw protection with a maximum moisture absorption rate, by weight, of 12%.

2. Units shall be positively interlocked to provide a minimum shear capacity of au = 5.8 kN and (u = 30( as tested in accordance with NCMA (National Concrete Masonry Association) SRWU-2.

3. A minimum connection strength between SRW unit and the geogrid reinforcement shall be of acs = 2.9 kN and ( = 40( as tested in accordance with NCMA SRWU-1.

C. SRW units shall meet the following constructability and geometric requirements:

1. Units shall be capable of attaining convex and concave curves and/or corners.
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2. Units shall be positively engaged to the unit below so as to provide a minimum of 0( and a maximum of 8( of wall batter as shown on the plans.  True vertical stacked units will not be permitted.
3. Units shall have a maximum depth of 407 millimeters as measured from the front face of the unit to the furthest extension of the rear of the unit.

LEVELING PAD AND UNIT FILL MATERIAL.
A. Material for footing shall consist of compacted Class 3 Permeable Material and shall be a minimum of 150 millimeters in depth.

B. Fill for units (if applicable) shall be free draining Class 3 Permeable Material.

C. Mechanical vibrating plate compactors shall not be run on top of SRW units.  Fill placed within 1 meter of the wall face shall be compacted with hand operated compaction equipment.

DELIVERY, STORAGE, AND HANDLING

A. Contractor shall check the material upon delivery to assure that the specified type, grade, color, and texture of SRW units have been received.

B. Contractor shall prevent excessive mud, wet concrete, epoxies, and like materials, which may affix to the units from coming in contact with the materials.

C. Contractor shall protect the materials from damage.  Damaged material shall not be incorporated into the segmental retaining wall.

CERTIFICATION

A. The Engineer shall be furnished a Certificate of Compliance according to the provisions found in Section 6-1.07,  “Certificate of Compliance,” of the Standard Specifications for the SRW units supplied for the project within two weeks after the award of the contract.   The Certificate of Compliance shall be prepared and signed by a representative of the manufacturer who is a registered Civil Engineer.  The certificate as a minimum shall include the following:

1. A copy of these special provisions and the contract plan sheet(s).

2. A statement that the SRW units meet the requirements of this specification.

GEOGRID REINFORCEMENT.-- Geogrid reinforcement shall be furnished and installed at the locations shown on the plans, as specified in these special provisions, and as directed by the Engineer.

Filter Fabric shall conform to the requirements for underdrains in Section 88, “Engineering Fabrics,” of the Standard Specifications.

Earthwork shall conform to the provisions in Section 19, “Earthwork,” of the Standard Specifications.

If shown on the plans, a drainage system shall be constructed during the construction of the segmental retaining wall.  Specifications for the drainage system will be found elsewhere in these special provisions.

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

Geogrid reinforcement material shall be designed for use in subsurface geotechnical slope reinforcement applications and having a regular and defined open area. Geogrids shall obtain pullout resistance from the soil by a combination of soil shearing friction on the plane surfaces parallel to the direction of shearing and soil bearing on transverse grid surfaces normal to the direction of grid movement.  The percentage of the open area for geogrids shall not vary outside of the range of 50 to 90 percent of the total projection of a section of the material. 

Geogrids shall meet the following requirements in addition to the requirements described under “Materials Specifications” found elsewhere in this section:

1. Long Term Design Strength (LTDS) for geogrid reinforcement shall be equal to or greater than values shown on the plans as determined by Geosynthetic Research Institute (GRI) Test Methods.  LTDS for geogrid reinforcement shall be determined by Standard Practices GRI GG4 (a) and (b).  These values are minimum average roll values.

Long Term Design Strength is the strength of the geogrid calculated by applying all partial factors of safety in accordance with GRI Standard Practice GG4 (a) and (b), except that the product of the partial factors of safety for installation damage (based on a soil gradation possessing a D50 between 2.36 and 4.75 mm), chemical degradation, and biological degradation of less than 1.30 shall not be allowed.  The factor of safety for creep deformation shall be determined for a 75-year design life by GRI GG4 (a) and (b).  The 75-year design life strength is determined from the creep curve which becomes asymptotic to a constant strain line of 10 percent or less.

In the absence of specific test data, the partial factor of safety default values (installation damage, creep deformation, chemical degradation, biological degradation, and joint) as indicated in the Standard Practices GRI GG4 (a) and (b) shall be applied to the calculation of the LTDS.

2. Geogrid shall be resistant to naturally occurring alkaline and acidic soil conditions, and to attack by bacteria.

All test results, which are used in the calculation of the LTDS, shall be submitted to the Engineer no less than one week prior to placement of the geogrid reinforcement.  All test results used in the calculation of the LTDS shall be prepared and signed by a registered Civil Engineer.

Material SPECIFICATIONS.--Geogrid reinforcement shall consist of high density polyethylene, polypropylene, high density polypropylene sheets, high tenacity polyester yarn, or polyaramide configured into a grid and shall meet the following requirements:

high Density Polyethylene.--Geogrid reinforcement consisting of high density polyethylene shall meet or exceed the following requirements:
1.  Be manufactured from high-density polyethylene (HDPE) which conforms to ASTM Designation: D 1248.

2.  Shall have a LTDS in the primary strength direction greater than or equal to values shown on the plans, in kilo-Newtons per meter.

polypropylene.--Geogrid reinforcement consisting of polypropylene or high density polypropylene sheets shall meet or exceed the following material requirements:

1.  Shall meet the requirements of ASTM Designation: D 4101, Group 1/Class 1/Grade 2.

2.  Shall have a LTDS in the primary strength direction greater than or equal to values shown on the plans, in kilo-Newtons per meter.

high Tenacity Polyester.--Geogrid reinforcement consisting of high tenacity polyester yarn shall meet or exceed the following requirements:

1.  Be manufactured from high tenacity polyester yarn as determined by ASTM Designation: D 629 and shall be encapsulated in an acrylic latex, PVC, polymer or similar coating.

2.  Shall have a LTDS in the primary strength direction greater than or equal to values shown on the plans, in kilo-Newtons per meter.

Polyaramides.--Geogrid reinforcement consisting of polyaramide shall meet or exceed the following requirements:

1.  Be manufactured from polyaramide materials as determined by ASTM Designation: D 629.

2.  Shall have a LTDS in the primary strength direction greater than or equal to values shown on the plans, in kilo-Newtons per meter.

Imported Borrow (Segmental Retaining Wall) .-- Imported borrow used in the Segmental Retaining Wall shall be of quality suitable for the purpose intended, free of organics or other deleterious material and shall conform to the following:

	Sieve Size
	Percent Passing

	65 mm
	100

	4.75 mm
	20-100

	600 (m
	15-70

	75 (m
	0-30


Gradation shall be determined by California Test Method 202.

Plasticity Index shall be less than or equal to 12 as determined by California Test Method 204.

Soil pH shall be between 3 and 9 as determined by California Test Method 643.

Compaction.--Imported borrow used in the segmental retaining wall shall be compacted to 90% of optimum dry density and plus or minus 2 percentage points of the optimum moisture content according to California Test Method 216.

HANDLING AND STORAGE.--Geogrid reinforcement shall be handled and stored in accordance with the manufacturer's recommendations and these special provisions.  Geogrid reinforcement shall be furnished in an appropriate protective cover, which shall protect it from ultraviolet radiation and abrasion during shipping and handling and shall remain in said cover until installed.  Geogrid reinforcement material shall be placed as much as can be covered with backfill in the same work shift.
CLASS 3 PERMEABLE MATERIAL (SEGMENTAL RETAINING WALL).--Class 3 permeable material for the leveling pad, and underdrain shall consist of hard, durable, clean, gravel, or crushed stone, and shall be free of organic material, clay balls, or other deleterious substances.  Class 3 permeable material shall conform to the following grading requirements:
	SIEVE SIZE
	PERCENT PASSING

	19 mm
	100

	9.5 mm
	30-60

	4.75 mm
	0-15

	75 (m
	0-5


GEOCOMPOSITE DRAIN.--Geocomposite drain shall conform to the details shown on the plans and the following:

MATERIAL.--Geocomposite drain shall consist of a manufactured core not less than 6.35 millimeters nor more than 51 millimeters thick with one or more sides covered with a layer of filter fabric.  The drain shall produce a flow rate, through the drainage void, of at least 25 liters per minute per meter of width at a hydraulic gradient of 1.0 and a minimum externally applied pressure of 168 kPa.

The manufactured core shall consist of a preformed grid of embossed plastic, a mat of random shapes of plastic fibers, a drainage net consisting of a uniform pattern of polymeric strands forming 2 sets of continuous flow channels, or a system of plastic pillars and interconnections forming a semi rigid mat.

A certificate of compliance conforming to the provisions in Section 6-1.07, “Certificate of Compliance,” of the Standard Specifications shall be furnished for the geocomposite drain certifying that the drain produces the required flow rate and complies with these special provisions.  The Certificate of Compliance shall include a flow capability graph showing flow rates for externally applied pressures up to 168 kPa at hydraulic gradients up to 1.0.  The flow capability graph shall be verified and stamped by a private testing laboratory.  Filter fabric for the geocomposite drain shall conform to the requirements in Section 88, “Engineering Fabrics” of the Standard Specifications.

HANDLING AND STORAGE.--Geocomposite drain shall be furnished in an appropriate protective cover which shall protect it from ultraviolet radiation and from abrasion during shipping and handling.  Geocomposite drain shall be handled and stored in accordance with the manufacturer’s recommendations.

CONSTRUCTION.--The slope to receive the geocomposite drain reinforcement shall be free of loose or extraneous material and objects that may damage the geocomposite drain or filter fabric during installation.  

The core material and filter fabric shall be capable of maintaining a drainage void for the entire height of geocomposite drain.  The filter fabric shall integrally bond to the core material.  Core material manufactured from impermeable plastic sheeting having non-connecting corrugations shall be placed with corrugations approximately perpendicular to the drainage collection system.  The Contractor shall verify that the geocomposite drain has been installed in accordance with the manufacturer’s instructions.  

The fabric facing the embankment side shall overlap a minimum of 75 millimeters at all joints and wrap around the exterior edges a minimum of 150 millimeters beyond the exterior edge.  If additional fabric is needed to provide overlap at joints and wrap-around edges, the added fabric shall overlap the fabric on the geocomposite drain at least 150 millimeters and be attached thereto.

When only one side of the geocomposite drain is covered with filter fabric, the drain shall be installed with the filter fabric facing the excavated slope.

Should the fabric on the geocomposite drain be torn or punctured, the damaged section shall be replaced or repaired by placing a piece of fabric that is large enough to cover the damaged area and provides a 150 millimeter overlap.

UNDERDRAINS.--Underdrains shall conform to the details shown on the plans, the provisions in Section 68-1, “Underdrains,” and these special provisions.

Perforated plastic pipe shall conform to the provisions in Section 68-1.02K, “Perforated Plastic Pipe,” of the Standard Specifications.

The first paragraph of Section 68-1.025, “Permeable Material,” of the Standard Specifications is amended to read:

Permeable material for use in backfilling trenches, under, around, and over underdrains, shall consist of hard, durable gravel or crushed stone, and shall be free from organic material, clay balls, or other deleterious substances and meet the criteria set forth for Class 3 permeable material found elsewhere in these special provisions.  Sand shall not be used for permeable material.

CONSTRUCTION.--The foundation for the segmental retaining wall shall be excavated to the lines and grades shown on the plans.  Relative compaction of not less than 95 percent shall be obtained in the wall foundation and leveling pad for a minimum depth of 150 millimeters.  The foundation shall be constructed in a manner to insure complete contact between the segmental blocks and the foundation.  Any basement soil found to be unsuitable shall be removed and replaced as directed by the Engineer.  The grade to receive the layer of geogrid reinforcement shall conform to the compaction and elevation tolerances described in the Standard Specifications and shall be free of loose or extraneous material and objects that may damage the reinforcement during installation.

The first course of SRW units shall be placed on the leveling pad insuring that the units are in full contact with the pad.  The units shall be checked for level and alignment.  Place unit fill if applicable.  Unit fill is to be comprised of Class 3 Permeable Material as specified in Section “Class 3 Permeable Material (Segmental Retaining Wall)” elsewhere in these special provisions.  Place and compact fill behind and within units.  Clean all debris from top of units and install next course.  Ensure each course is completely filled prior to proceeding to the next course.  The uppermost row of SRW units or caps shall be glued to the underlying units with epoxy conforming to Standard Specification 95-2.01.

Geogrid reinforcement shall be handled and placed in accordance with the manufacturer's recommendations.  The geogrid reinforcement shall be laid horizontally at the elevation specified on the plans, on smoothly compacted fill.  The geogrid shall be attached to the SRW units as recommended by the manufacturer and approved by the Engineer.  The geogrid shall be pulled taut, aligned, and placed in a wrinkle free manner.  Slack in geogrid reinforcement shall be removed in a manner, and to such a degree, as approved by the Engineer.  

Geogrid shall be secured in place with staples, pins, sand bags, or imported borrow material as required by construction conditions, weather conditions, or as directed by the Engineer to prevent the displacement of the geogrid reinforcement during compaction and placement of the fill material.

The geogrid shall be placed such that the direction of the working tensile strength is oriented perpendicular to the retaining wall layout line.  Correct orientation of the geogrid shall be verified by the Contractor.  Each layer of geogrid shall be placed (unrolled) in continuous longitudinal strips to form complete coverage at the facing of the wall.  Joints or overlapping of geogrid reinforcement shall not be allowed unless replacing damaged sections as specified elsewhere in these special provisions.

During spreading and compacting of the imported borrow material, at least 150 mm, measured vertically, of imported borrow shall be maintained between the geogrid and the Contractor’s equipment.  Equipment or vehicles shall not be operated or driven directly on the geogrid reinforcement.  Only lightweight compaction equipment shall be allowed within 1 meter of the wall face.

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

1. Edges of geogrid perpendicular to centerline shall be overlapped for entire length by the smaller of three aperture openings or 100 millimeters.

2. Edges of geogrid parallel to centerline shall be joined using a mechanical connection.  This joint shall be made for the full width of the strip by using a similar material with similar strength.

MEASUREMENT AND PAYMENT.--The segmental retaining wall will be measured and paid for by the square meter of projected wall facing.  The square meter area for payment will be based on the height and length as shown on the plans and for any additional area as directed by the Engineer.  The height will be taken as the difference in elevation on the outer face from the bottom of the lowest block to the top of the uppermost block.  No additional payment shall be made for additional reinforcement required for overlaps or for wall heights greater than that shown on the plans.
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The contract price paid per square meter for the segmental retaining wall shall include full compensation for furnishing all labor, and materials, including tools, equipment, and incidentals, and for doing all the work involved in constructing the segmental retaining wall, complete in place, including excavation, backfill, (imported borrow), geogrid reinforcement, segmental blocks, Class 3 permeable material for leveling pad and for filling blocks, geocomposite drain, underdrain, and all parts of or appurtenances to the earth retaining system as shown on the plans, as specified in the Standard Specifications and these special provisions, and as directed by the Engineer.

